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*  Verk  scire  est  per  eanaas  sdre."— Baoov. 

*<The  stony  rocks  are  not  primeTal,  bat  the  d«]£^teri  of  Tune."— LnnrjnSi 
Sjft  NaU  ed.  6,  Bioehkolm,  1748,  p.  219. 

**  Amid  all  the  revelatioDs  of  the  globe,  the  economy  of  nature  has  been  uniform, 
and  her  laws  are  the  only  things  that  haye  resisted  the  general  movement.  The 
rivers  and  the  rocks,  the  seas  and  the  continents  have  been  chaiiged  in  aU  their 
parts ;  bat  the  laws  which  direct  those  changes,  and  the  rules  to  which  they  are 
subject^  have  remained  invariably  the  same." — Platfaib,  Illuitrationt  of  the  Hut' 
t<mian  Thwry,  %  874. 

**  The  inhabitants  of  the  globe,  like  all  the  other  parts  of  it»  are  subject  to  change. 
It  is  not  only  the  individual  that  perishes,  but  whole  species. 

**  A  change  in  the  animal  kingdom  seems  to  be  a  part  of  the  order  of  Kature,  and 
b  visible  in  instances  to  which  human  power  cannot  have  extended." — ^Platfuki 
lUuttratioiUo/tke  HuUonian  Theory,  %  41S. 


PBEPACE  TO  THE  NINTH  EDITION. 


The  Principles  of  Geology  in  the  first  five  editions  embraced 
not  only  a  view  of  the  modem  ehcmges  of  the  earth  and  its 
inhabitants,  as  set  forth  in  the  present  work,  but  also  some 
accoont  of  those  monuments  of  analc^us  changes  of  ancient 
date,  both  in  the  oi^nic  and  inorganic  world,  which  it  is  the 
business  of  the  geologist  to  interpret.  The  subject  last  men- 
tioned, or  "  geology  proper,"  constituted  originally  a  fourth 
book,  now  omitted,  the  same  haying  been  enlarged  into  a  sepa- 
rate treatise,  first  published  in  1888,  in  one  volume  12mo.,  and 
called  ^^Tbe  Elements  of  Geology,"  afterwards  recast  in  two 
volumes  12mo.  in  1842,  and  again  re-edited  under  the  title  of 
'*  A^"ftTf^Tift1  of  Elementary  Geology,"  in  one  volume  8vo.  in  1851. 
The  ^  Principles"  and  "  Manual"  thus  divided,  occupy,  with  one 
exception,  to  which  I  shall  presently  allude,  very  different 
ground.  The  "Principles"  treat  of  such  portions  of  the  econ- 
omy of  existing  nature,  animate  and  inanimate,  as  are  illus- 
trative of  Geology,  so  as  to  comprise  an  investigation  of  the 
permanent  effects  of  causes  now  in  action,  which  may  serve  as 
records  to  after  ages  of  the  present  condition  of  the  globe  and 
its  inhabitants.  Such  effects  are  the  enduring  monuments  of 
the  ever-varying  state  of  the  physical  geography  of  the  globe, 
the  lasting  signs  of  its  destruction  and  renovation,  and  the 
memorials  of  the  equally  fluctuating  condition  of  the  organic 
world.  They  may  be  regarded,  in  short,  as  a  symbolical  lan- 
guage, in  which  the  earth's  autobiography  is  written. 

In  the  "  Manual  of  Elementary  Geology,"  on  the  other  hand, 
I  have  treated  briefly  of  the  component  materials  of  the  earth's 
crust,  their  arrangement  and  relative  position,  and  their  organic 
contents,  which,  when  deciphered  by  aid  of  the  key  supplied 
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by  the  study  of  the  modem  changes  above  alladed  to,  reveal  to 
us  the  annals  of  a  grand  succession  of  past  events — a  series  of 
revolutions  which  the  solid  exterior  of  the  globe,  and  its  living 
inhabitants,  have  experienced  in  times  antecedent  to  the  creation 
of  man. 

In  thus  separating  the  two  works,  however,  I  have  retained 
in  the  "  Principles"  (book  i.)  the  discussion  of  some  matters 
which  might  fsirlj  be  regarded  as  common  to  both  treatises  ; 
as  for  example,  an  historical  sketch  of  the  early  progress  of 
geology,  followed  by  a  series  of  preliminary  essays  to  explain 
the  facts  and  arguments  which  lead  me  to  believe  that  the 
forces  now  operating  upon  and  beneath  the  earth's  surface  may 
be  the  same,  both  in  kind  and  degree,  as  those  which  at  remote 
epochs  have  worked  out  geological  changes.  (See  Analysis  of 
Contents  of  this  work,  p.  ix.) 

If  I  am  asked  whether  the  "  Principles"  or  the  "  Manual" 
should  be  studied  first,  I  feel  much  the  same  difiiculty  in 
answering  the  question  as  if  a  student  should  inquire  whether 
he  ought  to  take  up  first  a  treatise  on  Chemistry,  or  one  on 
Natural  Philosophy,  subjects  sufficiently  distinct,  yet  insepara- 
bly connected.  On  the  whole,  while  I  have  endeavored  to  make 
each  of  the  two  treatises,  in  their  present  form,  quite  indepen- 
dent of  the  other,  I  would  recommend  the  reader  to  study  firat 
the  modem  changes  of  the  earth  and  its  inhabitants  as  they  are 
discussed  in  the  present  volume,  proceeding  afterwards  to  the 
classification  and  interpretation  of  the  monuments  of  more 
remote  ages. 

Chableb  Ltell. 

11  ffarUySireei,  Zimdon,  May  U,  185S. 
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BOOK  I. 

CHAPTER   I. 

Geology  defiited— Comparod  to  History — ^Its  reUtioo  to  other  Physieal  ScieiK 
Kot  to  be  confounded  with  Cosmoc^ny. 

GsoiiOOT  is  the  science  wluch  inrestigateB  the  snccessiye  changes  that 
have  taken  place  in  the  organic  and  inoi^nie  idngdoms  of  nature ;  it 
inquires  into  the  causes  of  these  changes,  and  the  influence  which  they 
have  exerted  in  modifying  the  surface  and  external  structure  of  our  planet 

By  these  researches  into  the  state  of  the  earth  and  its  inhabitants  at 
former  periods,  we  acquire  a  more  perfect  knowledge  of  its  present  con- 
dition, and  more  comprehenave  views  concerning  the  laws  now  govern* 
ing  its  animate  and  inammate  productions.  When  we  study  history,  we 
obtain  a  more  profound  insight  into  human  nature,  by  instituting  a  com- 
parison between  the  present  and  fonner  states  of  society.  We  trace  the 
long  series  of  events  which  have  gradually  led  to  the  actual  posture  of 
affiiirs ;  and  by  connecting  effects  with  their  causes,  we  are  enabled  to 
classify  and  retain  in  the  memory  a  multitude  of  complicated  relati(»s — 
the  various  peculiarities  of  national  character — the  different  degrees  of 
moral  and  intellectual  refinement,  and  numerous  other  circumstances, 
which,  without  historical  associations,  wonld  be  uninteresting  or  imper- 
fectly understood.  As  the  present  condition  of  nations  is  the  result  of 
many  antecedent  changes,  some  extremely  remote,  and  others  recent, 
some  gradual,  others  sudden  and  violent ;  so  the  state  of  the  natural 
world  is  the  result  of  a  long  succession  of  events ;  and  if  we  would  en- 
laige  our  experience  of  the  present  economy  of  nature,  we  must  investi- 
gate the  effects  of  her  operations  in  former  epochs. 

We  often  discover  with  surprise,  on  looking  back  into  the  chronicles 
of  nations,  how  the  fortune  of  some  battle  has  influenced  the  fate  of 
millions  of  our  contemporaries,  when  it  has  long  been  foigotten  by  the 
mass  oi  the  population.  With  this  remote  event  we  may  find  insepar- 
Mj  connected  the  gec^^phical  boundaries  of  a  great  state,  the  lan- 
guid now  spoken  by  the  inhabitants,  their  peculiar  manners,  laws,  and 
rei^ua  opinions.  But  far  more  astonishing  and  unexpected  are  the 
coonectioiia  brought  to  light,  when  we  carry  back  our  researches  into 
th^faistoFy  of  aatore.    The  form  of  a  coast,  the  configuration  of  the  in- 
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terior  of  a  country,  the  existence  and  extent  of  lakes,  valleys,  and  moiin* 
tains,  can  often  be  traced  to  the  former  prevalence  of  earthquakes  and 
volcanoes  in  regions  which  have  long  been  undisturbed.  To  these  remote 
convulsions  the  present  fertility  of  some  districts,  the  sterile  character  of 
others,  the  elevation  of  land  above  the  sea,  the  climate,  and  various  pe- 
culiarities,* may  be  distinctly  referred.  On  the  other  hand,  n^any  distin-  ' 
guishing  features  of  the  surface  may  often  be  ascribed  to  the  operation, 
at  a  remote  era,  of  slow  and  tranquil  causes — ^to  the  gradual  deposition 
of  sediment  in  a  lake  or  in  the  ocean,  or  to  the  prolific  increase  of  testa- 
cea  and  corals. 

To  select  another  example,  we  find  in  certain  localities  subterranean 
deposits  of  coal,  consisting  of  vegetable  matter,  formerly  drifted  into 
seas  and  lakes.  These  seas  and  lakes  have  since  been  filled  up,  the  lands 
whereon  the  forests  grew  have  disappeared  or  changed  their  form,  the 
rivers  and  currents  which  floated  the  vegetable  masses  can  no  longer  be 
traced,  and  the  plants  belonged  to  species  which  for  ages  have  passed 
away  from  the  surface  of  our  planet.  Yet  the  commercial  prosperity, 
and  numerical  strength  of  a  nation,  may  now  be  mainly  dependent  on 
the  local  dbtribution  of  fuel  determined  by  that  ancient  state  of  things. 

Geology  is  intimatdy  related  to  almost  all  the  physical  sciences,  as 
history  is  to  the  moral.  An  historian  should,  if  possible,  be  at  once  pro- 
foundly acquainted  with  ethics,  politics,  jurisprudence,  the  military  art, 
theology ;  in  a  word,  with  all  branches  of  knowledge  by  which  any  in- 
sight into  human  afiairs,  or  into  the  moral  and  intellectual  nature  of  man, 
can  be  obtained.  It  would  be  no  less  desirable  that  a  geologist  should 
be  well  versed  in  chemistry,  natural  philosophy,  mineralogy,  zoology, 
comparative  anatomy,  botany ;  in  short,  in  every  science  *relath)g  to  or- 
ganic and  inorganic  nature.  With  these  accomplishments,  the  historian 
and  geologist  would  rarely  fail  to  draw  correct  and  philosophical  conclu- 
sions from  the  various  monuments  transmitted  to  them  of  former  occur- 
rences. They  would  know  to  what  combination  of  causes  analogous 
effects  were  referable,  and  they  would  often  be  enabled  to  supply,  by 
inference,  information  concerning  many  events  unrecorded  in  the  defect- 
ive archives  of  former  ages.  But  as  such  extensive  acquisitions  are 
scarcely  within  the  reach  of  any  individual,  it  is  necessary  that  men  who 
have  devoted  their  lives  to  difierent  departments  should  unite  their 
efforts ;  and  as  the  hbtorian  receives  assistance  from  the  antiquary,  and 
from  those  who  have  cultivated  different  branches  of  moral  and  political 
science,  so  the  geologist  should  avail  himself  of  the  aid  of  many  natural- 
ists, and  particularly  of  those  who  have  studied  the  fossil  remains  of  lost 
species  of  animals  and  plants. 

The  analogy,  however,  of  the  monuments  consulted  in  geology,  and 
those  available  in  history,  extends  no  farther  than  to  one  class  of  histor- 
ical monuments — those  which  may  be  siud  to  be  undesignedly  commem- 
orative of  former  events.  The  canoes,  for  example,  and  stone  hatchets 
found  in  our  peat  bogs,  afford  an  insight  into  the  rude  arts  and  manners 
of  the  earliest  inhabitants  of  our  island ;  the  buried  coin  fixes  the  date 
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of  the  reign  of  some  Roman  emperor ;  the  ancient  encampment  indicates 
the  cUstricts  once  occupied  by  invading  armies,  and  the  former  method 
of  constructing  military  defences ;  the  Egyptian  mummies  throw  light 
on  the  art  of  embalming,  the  rites  of  sepulture,  or  the  average  stature 
of  the  human  race  in  ancient  Egypt.  This  class  of  memorials  yields  to 
no  other  in  authenticity,  but  it  constitutes  a  small  part  only  of  the  re- 
sources on  which  the  historian  relies,  whereas  in  geology  it  forms  the 
only  kind  of  evidence  which  is  at  our  command.  For  this  reason  we 
must  not  expect  to  obtam  a  full  and  connected  account  of  any  series  of 
events  beyond  the  reach  of  history.  But  the  testimony  of  geological 
monuments,  if  frequently  imperfect,  possesses  at  least  the  advantage  of 
bemg  free  from  all  intentional  misrepresentation.  We  may  be  deceived 
in  the  inferences  which  we  draw,  in  the  same  manner  as  we  often  mistake 
the  nature  and  import  of  phenomena  observed  in  the  daOy  course  of  na- 
ture ;  but  our  liability  to  err  is  confined  to  the  interpretation,  and,  if  thb 
be  correct,  our  information  b  certain. 

It  was  long  before  the  distinct  nature  and  legitimate  objects  of  geology 
were  fully  recognized,  and  it  was  at  first  confounded  with  many  other 
*  Inanches  of  inquiry,  just  as  the  limits  of  history,  poetry,  and  mythology 
were  ill-defined  in  the  infancy  of  civilization.  Even  in  Werner's  time, 
or  at  the  close  of  the  eighteenth  century,  geology  Appears  to  have  been 
rqiarded  as  little  other  than  a  subordinate  department  of  mineralogy ; 
and  Desmarest  included  it  under  the  head  of  Physical  Gec^aphy.  But 
the  most  common  and  serious  source  of  confusion  arose  from  the  notion, 
that  it  was  the  business  of  geology  to  discover  the  mode  in  which  the 
earth  originated,  or,  as  so^e  imagined,  to  study  the  effects  of  those  cos- 
mological  causes  which  were  employed  by  the  Author  of  Nature  to 
bring  this  planet  out  of  a  nascent  and  chaotic  state  into  a  more  perfect 
and  habitable  condition.  Button  was  the  first  who  endeavored  to  draw 
a  strong  line  of  demarcation  between  his  favorite  science  and  cosmogony, 
for  he  declared  that  geology  was  in  nowise  concenied  "  with  questions 
as  to  the  cmgin  of  things." 

An  attempt  will  be  made  in  the  sequel  of  this  work  to  demonstrate 
that  gecAogy  differs  as  widely  from  cosmogony,  as  speculations  concern- 
ing the  mode  of  the  first  creation  of  man  differ  from  history.  But,  be- 
fore entering  more  at  large  on  this  controverted  question,  it  will  be  de- 
arable  to  trace  the  progress  of  OfHuion  on  this  topic,  from  the  earliest 
ages  to  the  commencement  of  the  present  century. 


CHAPTER  II. 

HiaiORIOAL  BKBtOa  OV  TBE  PROOBBS6   OF  OSOLOQT. 

Oriental  Cosmogony — ^Hymns  of  the  Yedas — ^Institntes  of  Menti — Doctrine  of  the 
sDoeessire  destruction  and  renoyation  of  the  world — Origin  of  this  doctrine— 
Coromoo  to  the  E^tian»— Adopted  hy  the  Qreeke—Syfttem  of  Fythagonu — 
Of  Ariatoile^Dogmas  coMetniag  the  exiinotion  and  reproduction  of  genertt 
and  apeeiea  Strabo'a  theory  of  eleyation  by  earthqnakeei— Pliny— Oondndinic 
Bemarka  on  the  Imowledge  of  the  Ancients. 

Oriental  Oosmoffony.-^TBA  eaHiest  doctrines  of  the  Indian  and  Egyp- 
tian schools  of  philosophy  agreed  m  aserihing  the  first  creation  of  the 
worid  to  an  omnipotent  and  infinite  Being.  They  concurred  also  in  rep- 
resentmg  this  Being,  who  had  existed  from  idl  eternity,  as  having  re- 
peatedly destroyed  and  reproduced  the  world  and  all  its  inhabitants. 
In  the  sacred  volume  of  the  Hindooe,  called  the  Ordinances  of  Menik, 
comprising  the  Indian  system  of  duties  religious  and  civil,  we  find  a  pre- 
luntnary  chapter  trestiog  of  the  Creation,  in  which  the  cosmogony  is 
known  to  have  been  derived  horn  earMer  writings  and  ttaditions ;  and 
principally  from  oertam  hjmaa  of  high  antiquity,  cafied  the  Yedas. 
These  hymns  were  first  put  together,  according  to  Mr.  Golebrooke,*'  in 
a  connected  series,  about  thirteen  centuries  before  the  Chiiatian  era,  but 
they  appear  from  internal  evidence  to  have  been  written  at  various  an- 
tecedent periods.  In  them,  as  we  leani  from  the  researches  of  Profes* 
sor  Wilson,  the  eminent  Sanscrit  scholar,  two  distinct  philosophical  sys- 
tems are  discoverable.  According  to  one  of  them,  all  things  were  origi- 
nally brought  into  existence  by  the  sole  wOl  of  a  single  First  Cause, 
which  existed  from  eternity ;  according  to  the  other,  there  have  always 
existed  two  principles,  the  one  material,  but  without  form,  the  other 
spiritual  and  capable  of  compelling  ''  inert  matter  to  develop  its  sensible 
properties."  This  development  of  matter  into  "individuid  and  visible 
existences"  is  called  creation,  and  is  assigned  to  a  suborddnate  agent,  or  the 
creative  faculty  of  the  Supreme  Being  embodied  in  the  person  of  Brahma. 

In  the  first  chapter  of  the  Ordinances  of  Meailt  above  alluded  to,  we 
meet  with  the  following  passages  relating  to  former  destructions  and 
renovations  of  the  worid  : — 

"  The  Being,  whose  powers«are  incomprehensible,  having  created  me 
(Mendi)  and  this  universe,  again  became  absorbed  in  the  supreme  spirit, 
changing  the  time  of  energy  for  the  hour  of  repose. 

'*  When  that  Power  awakes,  then  has  this  world  its  full  expansion ; 
but  when  he  slumbers  with  a  tranquil  spirit,  then  the  whole  system 
fades  away For  while  he  reposes,  as  it  were,  embodied  spirits 

*  Eflsaya  on  the  Philosophy  of  the  Hindooa. 
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endoired  with  principles  of  action  depart  from  their  several  aets»  and 
the  mind  itself  becomes  inert." 

The  absorption  of  all  bemgs  into  the  Supreme  easeDoe  is  then  de- 
scribed, and  the  Divine  sotd  itself  is  said  to  slumber,  and  to  remain  for 
a  time  immersed  in  "  the  first  idea,  or  in  darkness."  After  which  th« 
text  thus  proceeds  (verse  fiftf 'Seven),  "Thus  that  immutable  power 
by  waking  and  repomng  alternately,  revivifies  and  destroys,  in  eternal  sac* 
cession,  this  whole  aasemUage  of  locomotive  and  immovable  creatures." 

It  is  then  declared  that  there  has  been  a  long  succession  of  manwan- 
tofoij  or  periods,  eadi  of  the  duration  of  many  thousand  ages,  and — 

«< There  are  creations  also,  and  destruotioiis  of  worlds  innumerable: 
the  Being,  supremely  eiAhed,  performs  all  this  with  as  much  ease  as  if 
m  sport,  again  and  again,  for  the  sake  of  confenii^  happiness."*' 

No  part  of  the  Eastern  cosmogony,  from  which  these  extracts  are 
made,  is  more  interesting  to  the  geologist  than  the  doctrine,  so  fre- 
quently alluded  to,  of  the  reiterated  submersioii  of  the  land  beneath  the 
waters  of  a  univeraal  ocean.  In  the  begimang  of  thmgs,  we  are  told* 
the  First  Sole  Cause  ''with  a  thought  created  the  waters,"  and  then 
moved  upon  thdr  surface  in  the  form  of  Brahma  the  creator,  by  whose 
Sgency  the  emeigeBce  of  the  dry  land  was  effected,  and  the  peopling 
of  the  earth  with  plants,  animals,  celestial  creatures,  and  man.  After- 
wards,  as  often  as  a  general  eoaflagratioQ  at  the  okse  of  each  manwaa- 
torn  had  annihilated  every  visiUe  and  existing  thing,  Brahma,  on 
awaldi^  from  bw  sleep,  finds  the  whole  world  a  shapdess  ocean.  Ac- 
cordingly, in  the  legendary  poems  called  the  Puranas,  composed  at  a 
later  dale  than  the  Vedas,  the  three  first  Avatars  or  descents  of  the 
Deity  upon  earth  have  for  their  object  to  recover  the  land  from  the 
wsrters.  For  this  purpose  Vishnu  is  made  successivdy  to  assume  the 
form  of  a  fish,  a  tortoise,  and  a  boar. 

Extravagant  as  may  be  some  of  the  conceits  and  fictions  which  dis- 
figure these  pretended  revelations,  we  can  by  no  means  look  upon  them 
as  a  pure  effort  of  the  mumsted  imagination,  or  believe  them  to  have 
been  composed  without  regard  to  opinions  and  theories  founded  on  the 
observation  of  Nature.  In  astronomy,  for  instance,  it  is  declared  that, 
at  the  North  Pole,  the  year  was  divided  into  a  long  day  and  night,  and 
that  their  long  day  was  the  northern,  and  theur  night  the  southern 
eouTse  of  the  sun ;  and  to  the  inhabitants  of  the  moon,  it  is  said  one 
day  is  equal  in  kngth  to  one  month  of  morta]s.f  If  such  statements 
cannot  be  resolved  into  mere  conjectures,  we  have  no  right  to  refer  to 
mere  chance  Uie  prevailing  notion  that  the  earth  audits  inhabitants  had 
formerly  undergone  a  succession  of  revolutioBS  and  aqueous  catastrophes 
inlRrupted  by  long  intervals  of  tranquillity. 

Now  there  are  two  sources  in  which  such  a  theory  may  have  origi- 
nated.   The  markaof  former  convulsions  on  every  part  of  the  surface  of 

*  Iii«titat«t  of  Hindoo  Law,  or  the  OrdiiuuioeB  of  MenO,  from  the  Santcrit, 
fcnmelcted  hr  Sir  William  Jone«^  1796w 
f  Menti,  Inst  e.  L  66,  and  67. 
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our  planet  are  obyious  and  striking.  The  remains  of  marine  animals 
imbedded  in  the  solid  strata  are  so  abundant,  that  thej  may  be  expected 
to  force  themselyes  on  the  attention  of  every  people  who  have  made 
some  progress  in  refinement ;  and  especially  where  one  class  of  men 
are  expressly  set  apart  from  the  res<^  like  the  ancient  priesthoods  of 
India  and  Egypt,  for  study  and .  contemplation.  If  these  appearances 
are  once  recognised,  it  seems  natural  that  the  mind  should  conclude  in 
favor,  not  only*  of  mighty  changes  in  past  ages,  but  of  alternate  periods 
of  repose  and  disorder  ;— of  repose,  when  the  animals  now  fossil  lived, 
((rew,  and  multiplied — of  disorder,  when  the  strata  in  which  they  were 
buried  became  transferred  from  the  sea  to  the  interior  of  continents,  and 
were  uplifted  so  as  to  form  part  of  high  mountain-chains.  Those  mod- 
em writers,  who  are  disposed  to  disparage  the  former  intellectual 
advancement  and  civilization  of  Eastern  nations,  may  concede  some 
foundation  of  observed  facts  for  the  curious  theories  now  under  consid- 
eration, without  indulging  in  exaggerated  opinions  of  the  progress  of 
science ;  especially  as  universal  catastrophes  of  the  world,  and  exter- 
minations of  oiganic  beings,  in  the  sense  in  which  they  were  understood 
by  the  Brahmins,  are  untenable  doctrines. 

We  know  that  the  Egyptian  priests  were  aware,  not  only  that 
the  soil  beneath  the  plains  of  the  Nile,  but  that  also  the  hills  bounding 
the  great  valley,  contained  marine  shells;  and  Herodotus  inferred 
from  these  facts,  that  all  lower  Egypt,  and  even  the  high  lands  above 
Memphis,  had  once  been  covered  by  the  sea.*  As  similar  fossil 
remains  occur  in  all  parts  of  Asia  hitherto  explored,  far  in  the 
interior  of  the  continent  as  well  as  near  the  sea,  they  could  hardly 
liave  escaped  detection  by  some  Eastern  sages  not  less  capable 
than  the  Greek  historian  of  reasoning  philosophically  on  natural  phe- 
nomena. 

We  also  know  that  the  rulers  of  Asia  were  engaged  in  very  remote 
eras  in  executing  great  national  works,  such  as  tanks  and  canals,  re- 
quiring extensive  excavations.  In  the  fourteenth  century  of  our  era 
(in  the  year  1360),  the  removal  of  soil  necessary  for  such  undertakings 
brought  to  light  geological  facts,  which  attracted  the  attention  of  a  peo- 
ple less  civilized  than  were  many  of  the  older  nations  of  the  East.  The 
historian  Ferishta  relates  that  fifty  thousand  laborers  were  employed 
in  cutting  through  a  mound,  so  as  to  form  a  junction  between  the  rivers 
Selima  and  Sutlej  ;  and  in  this  mound  were  found  the  bones  of  ele- 
phants and  men,  some  of  them  petrified,  and  some  of  them  resembling 
bone.  The  gigantic  dimensions  attributed  to  the  human  bones  show 
them  to  have  belonged  to  some  of  the  larger  pachydermata.f 

But>  although  the  Brahmins^  like  the  priests  of  Egypt,  may  have 

•  Herodot  Euterpe,  12. 

f  A  Persian  MS.  copv  of  the  historian  Ferbbta,  in  the  library  of  the  Bast  India 
Company,  relating  to  the  rise  and  process  of  the  Mabomedan  empire  in  India,  was 
procured  by  Colonel  Briggs  from  the  library  of  Tippoo  Sultan  in  1799 ;  which  baa 
Decn  referred  to  at  some  length  by  Dr.  Auckland.  (GeoL  Trans.  2d  Series,  vol 
iLpart  iiL  p.  S80.) 
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been  acquainted  with  the  existence  of  fossil  remains  in  the  strata,  it  is 
possible  that  the  doc^ne  of  successive  destructions  and  renovations  of 
Uie  world,  merely  received  corroboration  from  such  proofs  ;  and  that  it 
may  have  been  originallj  handed  down,  like  the  religious  traditions  of 
most  nations,  from  a  ruder  state  of  society.  The  system  may  have  had 
jts  source,  in  part  at  least,  in  exaggerated  accounts  of  those  dreadful 
catastrophes  which  are  occasioned  by  particular  comlnnations  of  natural 
causes.  Floods  and  volcanic  eruptions,  the  agency  of  water  and  firo, 
are  the  chief  instruments  of  devastation  on  our  globe.  We  shall  point 
out  in  the  sequel  the  extent  of  many  of  these  calamities,  recurring  at 
distant  intervals  of  time,  in  the  present  course  of  nature ;  and  shall  only 
observe  here,  that  they  are  so  peculiarly  calculated  to  inspu^  a  lasting 
terror,  and  are  so  often  fatal  in  their  consequences  to  great  multitudes 
of  people,  that  it  scarcely  requires  the  passion  for  the  marvellous,  so 
cluuaeteiistic  of  rude  and  half-civilized  nations,  still  less  the  exuberant 
imagination  of  Eastern  writers,  to  augment  them  into  general  cataclysms 
and  conflagrations. 

The  great  flood  of  the  Chinese,  which  their  traditions  carry  back  to 
the  period  of  Taou,  somethmg  more  than  2000  years  before  our  era,  has 
been  identified  by  some  persons  with  the  universal  deluge  described  in 
the  Old  Testament ;  but  according  to  Mr.  Davis,  who  accompanied  two 
of  our  embassies  to  China,  and  who  has  carefully  examined  their  writ- 
ten accounts,  the  Chinese  cataclysm  is  therein  described  as  interrupting 
the  business  of  agriculture,  rather  than  as  involving  a  general  destruc- 
tion of  the  human  race.  The  great  Yu  was  celebrated  for  having 
"  opened  nine  channels  to  draw  off  the  waters,"  which  "  covered  the 
low  hHls  and  bathed  the  foot  of  the  highest  mountains."  Mr.  Davis 
suggests  that  a  great  derangement  of  waters  of  the  Yellow  River,  one  of 
the  largest  in  the  world,  might  even  now  cause  the  flood  of  Yaou  to  be 
repeated,  and  lay  the  most  fertile  and  populous  plains  of  China  under 
water.  In  modem  times  the  bursting  of  the  banks  of  an  artificial  canal, 
into  which  a  portion  of  the  Yellow  River  has  been  turned,  has  repeat- 
edly given  rise  to  the  most  dreadful  accidents,  and  is  a  source  of  per- 
petual anxiety  to  the  government.  It  is  easy,  therefore,  to  imagine 
how  much  greater  may  have  been  the  inundation,  if  this  valley  was 
ever  convulsed  by  a  violent  earthquake.* 

Humboldt  relates  the  interesting  fact  that,  after  the  annihilation  of  a 
lai^  part  of  the  inhabitants  of  Curaana,  by  an  earthquake  in  1766,  a 
season  of  extraordinary  fertility  ensued,  in  consequence  of  the  great 
rains  which  accompanied  the  subterranean  convulsions.  "  The  Indians/' 
he  says,  **  celebrated,  after  the  ideas  of  an  antique  superstition,  by  fes- 
tivals and  dancing,  the  destruction  of  the  world  and^  the  approaching 
epoch  of  its  regeneration."! 

The  existence  of  such  rites  among  the  rude  nations  of  South  Amer- 

*  S«e  Davis  oo  "The  Chinese,"  published  bv  the  Soc;  for  the  Diffus.  of  TTse. 
Know.voli.pp.  187, 147. 
t  Humboldt  et  Booplaud,  Yoy.  Relat  Hist  vol  l  p.  80. 
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ica  is  most  important,  as  showing  what  effects  may  be  produced  by  local 
^catastrophes,  recnning  at  distant  inteirals  of  timei  on  the  minds  of 
a  barbarous  and  uncnlUvated  race.  I  shall  point  out  in  the  sequel  how 
the  tradition  of  a  deluge  among  the  Arauoanian  Indians  may  be  ex< 
pkuned,  by  reference  to  great  earthquake- wayes  which  have  repeatedly 
rolled  over  part  of  Chili  since  the  first  recorded  flood  of  1590«  (See 
chap.  29,  Book  II.)  The  legend  also  of  the  ancient  Penivians  of  an 
inundation  many  years  before  the  reign  of  the  Incas»  in  which  only  six 
persons  were  saved  on  a  float,  relates  to  a  region  which  has  more  than 
once  been  overwhelmed  by  inroads  of  the  ocean  since  the  days  of  Piasar- 
ro.  (Chap.  29,  Book  II.)  I  might  refer  the  reader  to  my  account  ci 
the  submergence  of  a  wide  area  in  Gutch  so  latdy  as  the  year  1819> 
when  a  single  tower  only  of  the  fort  of  Slndree  appeared  above  the 
waste  of  waters  (see  Chap.  28,  Book  IL),  if  it  were  necessary,  to  prove 
how  easUy  the  catastrophes  of  modem  times  might  give  rise  to  traditionaiy 
narratives,  am<Mig  a  rude  people,  of  floods  of  boundless.extent.  Nations 
without  written  records,  and  who  are  indebted  for  all  their  knowledge  of 
past  events  exclusively  to  oral  tradition,  are  in  the  habit  of  confounding 
in  one  legend  a  series  of  incidents  which  have  happened  at  various 
epochs ;  nor  must  we  fcnrget  that  the  supeistiiionB  of  a  savage  tribe  are 
transmitted  through  all  the  progressive  stages  of  society,  till  they  .exert 
a  powerful  influence  on  the  mind  of  the  philosopher.  He  may  find,  in 
the  monuments  of  former  changes  on  the  earth's  surface,  an  apparent 
confirmation  of  tenets  handed  down  through  snccessive  generations, 
from  the  rude  hunter,  whose  terrified  imaginatkm  drew  a  false  picture 
of  those  awful  visitations  of  floods  and  earthquakes,  whereby  the  whole 
earth  as  known  to  him  was  simultaneously  devastated. 

JEgypiian  Cotmogony, — Respecting  the  cosmogony  of  the  Egyptian 
priests,  we  gather  much  information  from  writers  of  the  Grecian  sects, 
who  borrowed  almost  all  their  tenets  from  Egypt,  and  amongst  others 
that  of  the  former  successive  destruction  and  renovation  of  the 
world.*  We  learn  from  Plutarch,  that  this  was  the  theme  of  one  of 
the  hymns  of  Orpheus,  so  celebrated  in  the  fabulous  ages  of  Greece. 
It  was  brought  by  him  from  the  banks  of  the  Nik ;  and  we  even  find 
in  his  verses,  as  in  the  Indian  systems,  a  definite  period  assigned  for 
the  duration  of  each  successive  world.f  The  returns  of  great  catas- 
trophes were  determined  by  the  period  of  the  Annus  Magnus,  or 
great  year, — a  cycle  composed  of  the  revolutiona  of  the  sun,  moon, 
and  planets,  and  terminating  when  these  return  together  to  the  same 
sign  whence  they  were  supposed  at  some  remote  epoch  to  have  set  out. 
The  duration  of  this  great  cycle  was  variously  estimated.  According  to 
Orpheus,  it  was  120,000  years;  according  to  others,  800,000;  and  by 
Cassander  it  was  taken  to  be  360,000  years.| 

•  Prichard'a  Egypt  MythoL  p.  171 

f  Plut  de  Defectu  Oraculorum,  cap^  12.    CdDforinus  de  Die  Katali.    See  also 
Phchard's  Egypt  MythoL  p.  182. 
t  Fridiard's  Egypt.  MjtboL  \k  182. 
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We  learn  pdxtteularfy  fronihe  l!iia»u9  of  Plato,  that  the  EgyptiaoB 
beliered  the  world  to  be  subject  to  oooaciooal  oonflagratioos  aod 
deluges^  whereby  the  gods  arrested  the  eaneer  of  human  wickednesg^ 
and  purified  the  earth  from.  guiH  After  each  legeneratioii,  mankind 
were  in  a  state  of  virtue  and  ha^^jiiaessy  from  which  they  gradually 
d^nerated.  again  into  me  and  immorahty.  From  this  £gyptian 
doolariae,  the  poets  derived  the  faUe  of  the  decline  from  the  golden  to 
the  iron  age.  The  sect  of  Stoics  adopted  most  fully  the  system  of  ca- 
tastrophes desliaed  at  ceitain  intervals  to  destroy  the  world.  Those 
they  taught  were  of  two  kinds  ;-^the  Cataclysm,  or  destruction  by 
water,  which  sweeps  away  the  whole  human  race,  and  annihilates  all 
the  animal  and  vegetable  productions  of  nature ;  and  the  Ecpyrosis,  or 
destruction  by  fire,  which  dissolves  the  globe  itsetf.  From  the  Egyp- 
tians also  they  derived  the  doctrine  of  the  gradual  debasement  of  man 
frcHn  a  state  of  innocence*  Towards  the  termination  of  each  era,  the 
go4f5  could  no  longer  bear  wit^  the  wickedness  of  men,  and  a  shock  of 
the  elements  or  a  dehge  ov^whelmed  them;  after  which  calamity, 
Astrea  again  descended  on  the  earth  to  renew  the  golden  age.* 

The  connection  between  the  doctrine  of  successive  catastrophe^  and 
repeated  deterioratiooa  in  the  moral  character  of  the  human  race  is  more 
intimate  and  natural'  than  might  at  first  be  imi^ed.  For,  in  a  rude 
state  of  society,  all  greait  calamities  are  regarded  by  the  people  aa  judg- 
mmte  of  God  on  the  wickedness  of  man.  Thus,  in  our  own  time,  the 
ptioBts  persuaded  a  large  part  of  the  population  of  Chili,  and  perhaps 
believed  thema^ves,  that  the  fiUal  earthquake  of  1822  was  a  sign  of  the 
wrath  of  Heaven  for  the  great  political  revolution  just  then  consum- 
mated in  South  America.  In  like  manner,  in  the  account  given  to  Solon 
by  l^e  Egyptian  piieetB,  of  the  submeawn  of  the  island  of  Atlmitis 
under  the  waters  of  the  ocean,  after  repeated  shocks  of  an  earthquake, 
we  find  that  the  event  happened  when  Jupiter  had  seen  the  moral  de- 
pravity of  the  inhabitantcf  Now,  when  the  notion  had  once  gained 
ground,  whether  from  causes  before  suggested  or  not,  that  the  eurth 
had  been  destroyed  by  several  general  oatastro{^e%  it  would  next  be  in- 
ferred that  the  human  race  had  been  as  <^ten  destroyed  and  renovated. 
And  since  every  .extermination  was  assumed  to  be  penal,  it  could  only 
be  reeonoiled  wMi  divine  justice^  by  the  supposition  that  maa»  at  each 
snecessive  oreation,  was  regenerated  in  a  state  of  parity  and  innocence. 

A  very  lai^e  portion  of  Asia,  inhabited  by  the  earliest  nations,  whose 
traditions  have  come  down  to  us,  has  been  idways  subject  to  tremen- 
dous earthquakes.  Of  the  geographioal  boundaries  of  these,  and  their 
efiects,  I  shall  speak  m  the  proper  place.  Egypt  has,  for  the  most 
party  been  exempt  from  thk  soomge,  and  the  Egyptian  doctrine  of  great 
catastrophes  was  probably  derived  in  part,  as  before  hmted,  from  early 
geological  observations,  and  in  part  from  Eastern  nations. 

Pythagorean  Doctrines, — ^Pythagoras,  who  rended  for  more  than 

•  Frichaid'B  Egypt  MytiioL  p.  198.  t  PlsWt  Tmamu. 
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twenty  years  in  Egypt,  and,  according  to  Cicero,  bad  vimted  the  £ast> 
and  conversed  with  the  Persian  philosophers,  introduced  into  his  own 
country,  on  his  return,  the  doctrine  of  the  gradual  deterioration  of  the 
human  race  from  an  original  state  of  virtue  and  happiness ;  but  if  we 
are  to  judge  of  his  theory  concerning  the  destruction  and  renovation  of 
the  earth  from  the  sketch  given  by  Ovid,  we  must  concede  it  to  have 
been  far  more  philosophical  than  any  known  version  of  the  cosmogonies 
of  Oriental  or  Egyptian  sects. 

Although  Pythagoras  is  introduced  by  the  poet  as  delivering  his  doc- 
trine in  person,  some  of  the  illustrations  are  derived  from  natural  events 
which  happened  after  the  death  of  the  philosopher.  But  notwithstand- 
ing these  anachronisms,  we  may  regard  the  account  as  a  true  picture  of 
the  tenets  of  the  Pythagorean  school  in  the  Augustan  age;  and  al- 
though perhaps  partially  mo<tified,  it  must  have  contained  the  substance 
of  the  original  scheme.  Thus  considered,  it  is  extremely  curious  and 
instructive ;  for  we  here  find  a  comprehensive  summary  of  almost  all 
the  great  causes  of  change  now  in  activity  on  the  globe,  and  these  ad- 
duced in  confirmation  of  a  principle  of  a  perpetual  and  gradual  revolu- 
tion inherent  in  the  nature  of  our  terrestrial  system.  These  doctrines,  it 
is  true,  are  not  directly  applied  to  the  explanation  of  geological  pheno- 
mena ;  or,  in  other  words,  no  attempt  is  made  to  estimate  what  may 
have  been  in  past  ages,  or  what  may  hereafter  be,  the  aggregate  amount 
of  change  brought  about  by  such  never-ending  fluctiuttions.  Had  this 
been  the  case,  we  might  have  beto  called  upon  to  admire  so  extraordi- 
nary an  anticipation  with  no  less  interest  than  astronomers,  when  they 
endeavor  to  define  by  what  means  the  Samian  philosopher  came  to  the 
knowledge  of  the  Copemican  system. 

Let  us  now  examine  the  celebrated  passages  to  which  we  have  been 
adverting  :* 

"  Nothing  perishes  in  this  world ;  but  things  merely  vary  and  change 
their  form.  To  be  bom,  means  simply  that  a  thing  begins  to  be  some- 
thing different  from  what  it  was  before ;  and  dying,  is  ceasing  to  be 
the  same  thing.  Yet,  although  nothing  retains  long  the  same  image, 
the  sum  of  the  whole  remains  constant."  These  general  propositions 
are  then  confirmed  by  a  series  of  examples,  all  derived  from  natural 
appearances,  except  the  first,  which  refers  to  the  golden  age  giving 
place  to  the  age  of  iron.  The  illustrations  are  thus  consecutively  ad- 
duced. 

1.  Solid  land  has  been  converted  into  sea. 

2.  Sea  has  been  changed  into  land.  Marine  shells  lie  far  distant 
from  the  deep,  and  the  anchor  has  been  found  on  the  summit  of  hills. 

3.  Valleys  have  been  excavated  by  running  water,  and  floods  have 
washed  down  hills  into  the  sea.f 

•  Ovid's  Metamor.  Hb.  15. 

f  Eluvie  moDB  est  deductus  in  8B(iaor,  v.  267.  The  meaning  of  this  last  verse 
IS  somewhat  obscure ;  but,  taken  with  the  context,  may  be  supposed  to  allade  tc 
the  abrading  power  of  floodi,  torrents,  and  rivers. 
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4.  Marshes  have  hecome  dry  ground. 

5.  Dry  lands  have  been  changed  into  stagnant  pools. 

6.  Daring  earthquakes  some  springs  have  been  closed  up,  and  new 
ones  have  broken  out  Birers  have  deserted  their  channels,  and  have 
been  re-bom  elsewhere,  as  the  Erasinus  in  Greece,  and  Mysus  in  Asia. 

7.  The  waters  of  some  rivers,  formerly  sweet,  have  become  Utter ; 
as  those  of  the  Anigris,  in  Greece,  &c* 

8.  Islands  have  become  connected  with  the  mainland  by  the  growth 
of  deltas  and  new  deposits ;  as  in  the  case  of  Antissa  joined  to  Lesbos, 
Pharos  to  £gypt»  &c. 

9.  Peninsulas  have  been  divided  from  the  main  land,  and  have  be- 
come islands,  as  Leucadia ;  and  according  to  tradition,  Sicily,  the  sea 
having  carried  away  the  isthmus. 

10.  Land  has  been  submerged  by  earthquakes ;  the  Gredan  cities  of 
Helice  and  Buris,  for  example,  are  to  be  seen  under  the  sea,  with  their 
walls  inclined. 

11.  Plains  have  been  upheaved  into  hills  by  the  confined  air  seeking 
vent ;  as  at  Troezene  m  the  Peloponnesus. 

1 2.  The  temperature  of  some  springs  varies  at  different  periods.  The 
waters  of  others  are  inflammable.f 

13.  There  are  streams  which  have  a  petrifying  power,  and  ccmvert 
the  substances  which  they  touch  into  marble. 

14.  Extraordinary  medicmal  and  deleterious  effects  are  produced  by 
the  water  of  different  lakes  and  springs.^ 

15.  Some  rocks  and  islands,  after  doating  and  having  been  subject 
to  violent  movements,  have  at  length  become  stationary  and  immovable ; 
as  Delos  and  the  Cyanean  Isles.§ 

16.  Volcanic  vents  shift  their  position ;  there  was  a  time  when  Etna 
was  not  a  burning  mountain,  and  the  time  will  come  when  it  will  cease 
to  bum.  Whether  it  be  that  ^some  caverns  become  closed  up  by  the 
movencients  of  the  earth,  and  others  opened,  or  whether  the  fuel  is  finally 
exhausted,  <fec.,  (fee. 

The  various  causes  of  change  in  the  inanimate  world  having  been  thus 
enumerated,  the  doctrine  of  equivocal  generation  is  next  propounded,  as 
illustrating  a  corresponding  perpetual  flux  in  the  animate  creation.] 

*  Tbe  impre^fDatioD  from  new  mineral  springs,  caused  by  earthquakes  in  vol- 
canic oottntriesy  iB  perhaps  here  allnded  to. 

f  That  is  probaUy  an  allusion  to  the  escape  of  inflammable  gas,  like  that  in 
the  district  of  Baku,  west  of  the  Caspian;  at  Pietramala,  in  the  Tuscan  Apen- 
nines ;  and  several  other  places. 

}  Many  of  those  descnbed  seem  fanciful  fictions,  like  the  virtue  still  so  com- 
monly attributed  to  mineral  waters. 

§  Kaspe,  in  a  learned  and  judicious  essay  (De  Novis  Insulis,  cap.  19^,  has  made 
it  appear  extremely  probable  that  all  the  traditions  of  certain  islands  m  the  Med- 
iterranean haying  at  some  former  time  frequently  shifted  their  positions,  and  at 
length  become  stationary,  originated  in  the  great  change  produced  in  their  form 
by  earthquakes  and  submarine  eruptions,  of  which  there  nave  been  modem  ex- 
amples in  the  new  islandi  raised  in  the  time  of  history.  When  the  series  of  cun- 
volnoas  ended,  the  island  was  said  to  become  fixed. 

I  It  is  not  inconsistent  with  the  Hindoo  mythology  to  suppoM  that  Pythagoras 
might  have  found  in  the  East  not  only  the  system  of  universal  ard  violent  catas 
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In  the  Egyptian  and  Eastern  cofimogoQies^.and  in.ib6  Greek  yersioi 
of  them,  no  very  definite  meanii^  can,  in. general,  be  attached  to  the 
term  "'destmotiim  of  the  vorid  ;**  for  aometiiBee  it  inradd  seem  almost 
to  imply  the  aanikilation  of  onr  planetary  system,  and  At  others  a  men 
revdntbn  of  the  Bwrfaoe  of  the.eanth.       . 

OpiniUmt  ^  Amt/^th.-^^mm.  tiM  <works  now  eztsnt  of  Aristotle,  and 
from  the  system  of  Pythagoras,  as  above  exposed*  we  might  oertainly 
infer  that  these  philoaophemoensidBBsd  Um  agents  of  change  now  oper- 
ating in  natoro,  as  eqwible  of  bringing  abont  in  the  iapae  of  ages  a  oom-> 
plete  revolntion ;  and  the  Stagyrite  even  considers  ooeasional  catastnv- 
phesy  happening  at  distant  intervids  of  time,  as  part  of  the  regukr  and 
ordinary  oonm  of  nature*  The  delnge  of  Denealioi^  he  says,  affected 
Greece  only,  and  principally  the  part  called  Hellas,  and  it  arose  from 
great  innndatioBaof  riveiBt  daring  a  rainy. winter,  fint  sach  extraordi- 
nary wJnters,  he  says,  though  ^ter  a  certain  period  they  retum,  do  not 
always  revisit  the  same  places.* 

Censorinns  quotes  it  as  Aristotle's  opinion  diat  there  were  general 
mundations  of  the  globe,  and  that  they  alternated  with  eonflagratiens ; 
and  that  the  flood  constituted  the  winter  of  the  groat  year,  or  astro- 
nomical cycle,  while  the  conflagration,  or  destruction  by  fire,  is  the 
summer,  or  period  of  greatest  heat^f  If  this  passage,  as  Lipsius  sup- 
poses, be  an  amplification,  by  Censorinus,  of  what  is  writt^a  in  "  the 
MeteoricB,"  it  is  a  .gross  misrepresentation  of  the  doctrine  of  the  Stagy- 
rite,  for  the  general  bearing  of  his  reaaonii^  in  that  treatise  tends  clearly 
in  an  opposite  direetion.  He  refers  to  many  examples  of  changes  now 
constantly  going  on,  and  insists  emphatically  on  the  ^reat  results  which 
they  must  produce  in  the  lapse  of  ages.  He  instances  particular  oases 
of  lakes  thai  had  dried  up^  and  deserts  that  had  at  length  become 
watered  by  rivers  and  fertilised.  :  He  points  to  the  growth  of  ihe 
Nilotic  Delta  since  the  tune  of  Homer,  to  the  shallowing  of  the  Palua 
Masotis  within  sixty  years  from  his  own  time ;  and  although,  in  the 
same  chapter  he  sa3r8  nothing  of  earthquakes,  yet  in  others  of  the  same 
treatise  he  shows  himself  not  unacquamted  with  their  eflects.|  He 
alludes,  for  example,  to  the  npheavii^  of  one  of  the  Eolian  islands 
previous  to  a  voloanio  emption^  "  The  changes  of  the  earth/'  he  says, 
**  are  so  slow  in  comparison  to  the  duration  of  our  lives,  that  they  aie  over- 
looked (Xav^avsi)  :  and  the  migrations  of  people  after  great  catastrophes, 
and  their  removal  to  other  regions,  cause  the  event  to  be  forgotten."§ 

tropheB  aad  periods  of  repose  in  andleas  suooeBsioD,  bat  alao  that  of  periodical 
revolutions,  effected  by  the  continued  agency  of  ordinary  causea^  For  Brahma, 
Vishnu,  and  Siva,  the  first,  second,  sod  third  persons  of  the  Hindoo  triad,  severally 
represented  the  Oreattvie,  the  Preeerving,  and  the  Destroying  powers  of  the  Do- 
it^. The  coexistence  of  these  three  attributes,  all  in  simultaneous  operation, 
ought  well  accord  with  the  notion  of  perpetual  but  partial  alterations  finally  bring- 
ing about  a  complete  change.  Bat  the  fiction  expressed  in  the  verses  before  quoted 
firom  Menti  of  eternal  vicisaitudos  in  the  vigib  and  slumbers  of  Brahma  seeme  ac- 
commodated to  the  system  of  great  general  catastrophes  followed  by  new  creations 
and  periods  of  repose.  *  Meteor,  lib.  I  cap.  12.  f  De  Die  Nat. 

X  Lih  il  cap.  14, 16.  and  le.  g  Lib.  iL  eapu  14,  16,  and  16. 


Wfaen  we  oooBider  the  Mqamtatioe  ditplay^d  by  Arifttotle,  in  hu 
▼aiioas  works^  mth  the  defilroyhig  and  renovftling- Mirers  oi  Nature^ 
Hie  introdnetory  and  oonchtdhig  passages  «f  the  tvdfth  ohiq»ter  of  his 
*<  M eteones'*  are  eertainlf  tetyrettiairkable.  In  the  ifst  sentenoe  be 
says,  «*  The  dkiribirtion  of  land  and  -sea  in  paftieokr  legioiis  does  not 
endure  thnnigfaout  sU  thtfe,  bot  it*  becomes  sea  in  those  parts  where 
it  irss  land,  and  agidn  it  jbeeonies  land  whereit  was  seft:  «id  there  is 
reaem  for  thinldng  thai  these  chsnges  take  plaee  according  to  a  eer* 
tab  system,  and  within  a  certain  period."  Tlio  conclttdh^  obserration 
is  ss  foQows  i-^'*  As  time  never  M^  and  the  uuTerse  is  eternal,  neither 
the  Tiiinis,  nor  the  Wie,  can  Inive  flowed  forsven  The  phiees  where 
they  rise  were  once  dry,  and  there  is  a  limit  to  thttr  operations ;  bnt 
there  is  none  i»  time*  So  also  of  aH  other  nrers  ;  they  qning*  up,  and 
ihey  perish ;  and  the  sea  also  continnaUy  deserts  some  lands  and  in- 
vades othere.  The  same  tracts,  therefore,  ef  the  earth  are  not,  some 
alwbys  se%  and  oiheiB  always  oontments,  bnt  every  thing  changes  m 
the  course  of  time." 

It  seems,  then,  that  the  Greehs  had  not  only  derived  from  preced- 
ing nations,  bnt  had  idso,  in  some  slight  degree,  deduced  from  tiior 
own  observations,  the  thoory  of  perkxlieal  revolutions  in  the  inorganic 
world :  tiiere  is,  however,  no  ground  for  imagining  that  they  contem- 
{dated  former  changes  in  the  races  of  animals  and  plants*  Even  the 
fiact  that  maiine  remains  were  inclosed  in  solid  rochs,  although  ob- 
served by  some,  and  even  made  the  groundwork  of  geological  specu- 
lation, never  stimulated  the  industry  or  guided  the  inquiries  of  natural- 
ists. It  is  not  imposfflble  that  the  theory  of  equivocal  generation  might 
have  engendered  some  mdifference  on  this  subject,  and  that  a  belief  in 
the  spontaneous  prodnction  of  living  beings  from  the  earth  or  corrupt 
matter,  might  have  caused  the  organic  world  to  appear  so  unstable 
and  fluctuating,  that  phenomena  indicative  of  former  changes  would 
not  awaken  intense  curiosity.  The  Egyptians,  it  is  true,  l»d  taught, 
and  the  Stoics  had  repeated,  that  the  earth  had  once  given  birth'  to 
some  monstrous  animals,  which  existed  no  longer ;  but  the  prevsifing 
opinion  seems  to  have  been,  that  after  each  great  catastrophe  the  same 
species  of  ammals  were  created  over  agnm.  This  tenet  is  implied  in  a 
passage  of  Seneca,  where,  speaking  of  a  future  deli^,  he  says,  "  Every 
aoimal  shall  be  generated  anew,  and  man  free  from  guilt  shall  be  given 
to  the  earth."* 

An  old  Arabian  version  of  the  doctrine  of  the  successive  revolutions 
of  the  globe,  translated  by  Abraham  Ecchellensis,f  seems  to  form  a 
nogular  exception  to  the  general  rule,  for  here  we  find  the  idea  of  dif- 
ferent genera  and  species  having  been  created.    The  Gerbanites,  a  sect 

*  OnuM  ex  inteno  animal  geDdrabitor,  dabitorqne  terris  homo  inscios  scole- 
moL— Qumt  Nat  lii  c  29. 

f  Thifr  author  vss  Regius  FrofetBOr  of  Sjriac  and  Arabic  at  Paris,  where,  in 
16is,  he  pnldished  a  Latin  translation  of  many  Arabian  M3S.  on  different  de- 
partaeataof  philoaophj.  This  work  has  always  been  considered  of  high  authority. 
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of  astronomers  who  flourished  some  centuries  before  the  Christian  era, 
taught  as  follows : — '*  That  after  every  period  of  thirty-six  thousand 
four  hundred  and  twenty-five  years,  there  were  produced  a  pair  of 
every  8pecie3  of  animal,  both  male  and  female,  from  whom  animals 
might  be  propagated  and  inhabit  this  lower  world.  But  when  a  cir- 
culation of  the  heavenly  orbs  was  completed,  which  is  finished  in  that 
space  of  years,  other  penera  and  epecies  of  animals  are  propagated,  as 
also  of  plants  and  other  things,  and  the  first  order  is  destroyed,  and  so 
It  goes  on  forever  and  ever."* 

Theory  of  Strabo. — ^As  we  learn  much  of  the  tenets  of  the  Egyptian 
and  Oriental  schools  in  the  writings  of  the  Greeks,  so,  many  specula^ 
tions  of  the  early  Greek  authors  are  made  known  to  us  in  the  works  of 
the  Augustan  and  later  ages.  Strabo,  in  particular,  enters  largely,  in 
the  second  book  of  his  Geography,  into  the  opinions  of  Eratosthenes  and 
other  Greeks  on  one  of  the  most  difficult  problems  in  geology,  viz.,  by 
what  causes  marine  shells  came  to  be  plentifully  buried  in  the  earth  at 
such  great  elevations  and  distances  from  the  sea. 

He  notices,  amongst  others,  the  explanation  of  Xanthus  the  Lydian, 
who  said  that  the  seas  had  once  been  more  extensive,  and  that  they  had 
afterwards  been  partially  dried  up,  as  in  his  own  time  many  lakes,  rivers, 
and  wells  in  Asia  had  failed  during  a  season  of  drought.  Treating  this 
conjecture  with  merited  disregard,  Strabo  passes  on  to  the  hypothesis 
of  Strato,  the  natural  philosopher,  who  had  observed  that  the  quantity 
of  mud  brought  down  by  rivers  into  the  Euxine  was  so  great,  that  ita 
bed  must  be  gradually  raised,  while  the  rivers  still  continue  to  pour  in 
an  undiminbhed  quantity  of  water.  He,  therefore,  conceived  that,  ori- 
ginally, when  the  Euxine  was  an  inland  sea,  its  level  had  by  this  means 
become  so  much  elevated  that  it  burst  its  barrier  near 'Byzantium,  and 
formed  a  communication  with  the  Propontis ;  and  this  partial  drainage, 
he  supposed,  had  already  converted  the  left  side  into  marshy  ground, 
and  thus,  at  ]ast»  the  whole  would  be  choked  up  with  soil.  So,  it  wan 
argued,  the  Mediterranean  had  once  opened  a  passage  for  itself  by  the 
Columns  of  Hercules  into  the  Atlantic ;  and  perhaps  the  abundance  of 
sea-shells  in  Africa,  near  the  Temple  of  Jupiter  Ammon,  might  also  be 
the  deposit  of  some  former  bland  sea,  which  had  at  length  forced  a 
passage  and  escaped. 

*  Oerbauitft  doeebant  singulos  triginta  eez  mUle  aunoe  qnadringentoa,  viginti 
quinqiie  bina  ex  UDgalis  animalium  epeciebus  produce  marem  scilicet  ao  femioam 
ex^  quibas  animalla  propagantor,  buocque  inferiorem  incolunt  orbem.  Absolute 
autem  coelestium  orbium  circulatioae,  qu»  iUo  anDoram  conficitar  spatio,  iterum 
alia  producuDtar  animalium  genera  et  species,  qnemadmodum  et  plantarum  alia- 
rnmqae  rerum,et  primus  destruitur  ordo,  sioque  in  infinitum  producitur. — Histor. 
OrienV  SuppL  per  Abrahamum  Ecchellonsem,  S^rum  Marnnitam,  cap.  7.  et  8.  ad 
calcem  Cbronici  Orientall    Parisii^  e  Typ.  Regia.  1686,  fol. 

I  have  given  the  punctuation  as  in  tne  Paris  edition,  there  being  no  comma 
after  qoinque ;  but,  at  the  augvestioo  of  M,  de  Schlegel,  I  have  referred  the  niin> 
ber  twenty-five  to  the  period  of  vears,  and  not  to  the  number  of  pairs  of  eack 
species  created  at  one  time,  as  I  had  done  in  the  two  first  editiona  Fortis  in- 
ferred that  twentj-five  new  meeiet  only  were  created  at  a  time ;  a  constructkm 
which  the  pasaage  will  not  admit    M6m.  sur  THist.  Nat.  de  Tltalie,  vol  L  pi  202. 
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But  Strabo  rejects  this  theory,  as  insufficient  to  account  for  all  the 
phenomena,  and  he  proposes  one  of  his  own»  the  profoundness  of  which 
modem  geologists  are  only  beginning  to  appreciate.  '^  It  is  not/'  he 
says,  "  because  the  lands  covered  by  seas  were  originally  at  different 
altitudes,  that  the  waters  have  risen,  or  subsided,  or  receded  from  some 
parts  and  inundated  others.  But  the  reason  is,  that  the  same  land  is 
sometimes  raised  up  and  sometimes  depressed,  and  the  sea  also  is  simul- 
taneously raised  and  depressed,  so  that  it  either,  overflows  or  returns 
into  its  own  place  again.  We  must,  therefore,  ascribe  the  cause  to  the 
ground,  either  to  that  ground  which  is  under  the  sea,  or  to  that  which 
becomes  flooded  by  it,  but  rather  to  that  which  lies  beneath  the  sea,  for 
this  is  more  movable  and,  on  account  of  its  humidity,  can  be  altered 
with  greater  celerity.*  It  is  proper,'*  he  observes  in  continuation,  "  to 
derive  our  explanations  from  things  which  are  obvious,  and  in  some 
measure  of  daily  occurrence,  such  as  deluges,  earthquakes,  and  volcanic 
eruptions,}  and  sudden  swellings  of  the  land  beneath  the  sea  ;  for  the 
last  raise  up  the  sea  also^  and  when  the  same  lands  subnde  again,  they 
occasion  the  sea  to  be  let  down.  And  it  is  not  merely  the  small,  but 
the  large  islands  also,  and  not  merely  the  islands,  but  the  continents 
which  can  be  lifted  up  together  with  the  sea ;  and  both  large  and  small 
tracts  may  subside,  for  habitations  and  cities,  like  Bure,  Bifiona,  and 
many  <M^hers,  have  been  engulphed  by  earthquakes." 

In  another  place,  this  learned  geographer,  in  alluding  to  the  tradition 
that  Sicily  had  been  separated  by  a  convulsion  from  Italy,  remarks,  that 
at  present  the  land  near  the  sea  in  those  parts  was  rarely  shaken  by 
earthquakes,  since  there  were  now  open  orifices  whereby  fire  and  ignited 
maters,  and  waters  escape ;  but  formerly,  when  tho  volcanoes  of  Etna, 
the  Lipari  Islands,  Ischia,  and  others,  were  closed  up,  -the  imprisoned 
fire  and  wind  might  have  produced  far  more  vehement  movements.^ 
The  doctrine,  therefore,  that  volcanoes  are  safety-valves,  and  that  the 
subterranean  convulsions  are  probably  most  violent  when  first  the  vol- 
canic energy  shifts  itself  to  a  new  quarter,  is  not  modem. 

We  leam  from  a  passage  in  Strabo,§  that  it  was  a  dogma  of  the 
Gkiulish  Druids  that  the  universe  was  immortal,  but  destined  to  survive 
catastrophes  both  of  fire  and  water.  That  this  doctrine  was  communi- 
cated to  them  from  the  East,  with  much  of  their  learning,  cannot  be 
doubted.  Caesar,  it  will  be  remembered,  says  that  they  made  use  of 
Greek  letters  in  arithmetical  computations.! 

*  *  Qaod  enim  hoe  attoUitar  aut  Bnbsidit)  et  vel  iniindat  qnadam  loca,  vel  ab 
iit  recedit,  eios  rei  causa  Dcm  est,  qaod  alia  aliis  sola  humiliora  sint  aut  altiora ; 
Bed  quod  idem  solum  mod6  attoUitur  modd  deprimitur,  eimulque  etiam  mod6 
attdfitur  mod6  deprimitur,  mare :  itaque  vel  exundat  vel  in  suum  redit  looum.'' 

Posteli,  p.  8S.  "  Restat,  ut  causam  adscribamns  lolo,  rive  quod  mari  Bubest 
•ire  qood  inundatur ;  potitis  tamen  ei  quod  mari  subest.  Hoc  enim  mnlt6  est 
mobiuas,  et  quod  ob  humiditatem  ccleribs  multari  possit."— Strabo,  Geog.  Edit. 
Ahnelov.  Amst.  1707.  lib;  1. 

f .  Volcanic  crwpti^nM,  eraptiones  flatuum,  in  the  Latin  translations,  and  in  the 
originai  Greek;  ^vafw^ara,  gaseoua  eruptions  t  or  inJUOwM  of  land  f ^-Ibid.  |>.  98. 

X  Strabo^  lib.  vi  p  89S.  f  Book  iv.  |  L.  vi.  ch.  xuL 
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Plmy.-^Thm  piulosopher  had  no  thaorelieal  opinions  of  his  own  con- 
eeming  changes  of  the  earth's  snrfaoe;  and  in  this  department^  as  in 
others,  he  restricted  hnnself  to  the  task  of  a  compiler,  withont  reasoning 
OB  the  facts  stated  by  htm,  or  attempting  to  digest  them  into  reguhir 
order.  Bat  hk  enamemtioa  of  the  new  Islands  idiich  had  been  formed 
m  Hie  Mediterranean)  and  of  other  coATttkions,  shows  that  the  ancients 
had  not  been  inattentive  observers  of  liie  changes  which  had  taken  place 
within  the  memory  of  man. 

Such,  then,  appear  to  have  been  the  opmions  entertained  before  the 
Christian  era»  ooncoming  the  pest  revolutions  of  onr  globe.  Although 
no  partienlar  investigations  had  been  made  for  the  express  purpose  of 
interpreting  the  monuments  of  ancient  changes,  they  were  too  obvious 
to  be  entirely  disr^arded ;  and  the  observation  of  the  present  course  6i 
nature  presented  too  many  proofe  of  alterations  continually  in  progress 
on  the  earth  to  allow  phUosophers  to  believe  l^t  nature  was  in  a  state 
of  resty  or  that  the  surface  had  remained,  and  would  continue  to  remain 
unaltered.  But  they  had  never  compared  attentively  the  results  of  the 
destroying  and  reproductive  operations  of  modem  times  with  those  of 
remote  eras,  nor  had  they  ever  entertained  so  much  as  a  conjecture  con- 
cerning the  comparative  antiquity  of  the  human  race,  or  of  living  species 
of  animals  and  plants,  with  tiiose  belonging  to  former  conditions  of  the 
organic  world.  They  had  studied  the  movements  and  positions  of  the 
heavenly  bodies  with  laborious  industry,  and  made  some  progress  in 
investigating  the  animal,  vegetable,  and  minend  kingdoms ;  but  the  an- 
cient history  of  the  globe  was  to  them  a  sealed  book,  and,  although  , 
written  in  characterB  of  the  most  striking  and  imposing  kind,  they  were 
unconscious  even  of  its  existence. 


CHAPTER  m. 

msroaT  of  tbb  proqbibs  of  osoLoar — continued. 

Arabian  imtera  of  the  tenth  eentnry— Ayicennar— Omar-— Cosmogonj  of  the  Ko- 
ran— EazwinH-Earij  Italian  writers— Leonardo  da  Vinci — ^Fracastoro— Con- 
trorersy  as  to  the  real  nature  of  fossils— Attributed  to  the  Mosaic  dehige— 
Palissy«~8teiM>— flciHa  Qoinni— Boyle^^Ustet^—  Letbnits— Hooke's  llieory 
of  EleTaiioo  bj  SartlHiaakes— Of  lost  speei«e  of  animab*«-Baj— Physico-theo- 
logical  writers — Woodward's  Diluvial  Tbeory^Bomet^-Whiston— VaUisneri— 
Lazzaro  Moro— Oenerolli — Bnffoa^Hifl  theory  condemned  by  the  Sorbonne  as 
unorthodox — His  declaration — Targioni — Ardnino — Michell — Catoott— -Raspe 
Fuchsel—Foriis—Testar-WhitehurBt— Pallas— SansBore. 

.^^rabian  toriUrs, — Aftbb  the  decline  of  the  Roman  empire^  the  cul- 
tivation of  physical  science  was  first  revived  with  some  success  by  the 
Samqensy  about  the  middle  of  the  eighth  century  of  our  era.  The 
wcM'ks  of  the  most  eminent  classic  writers  were  purchased  at  great  ex- 
pense from  tbe  Chnatians^  and  translated  into  Arabic ;  and  Al  MamQn, 
son  of  the  famous  Har(in-al-Rashid,  the  contemporary  of  Charlemagne, 
received  with  marks  of  distinction,  at  his  court  at  Bagdad,  astronomers 
and  men  of  learning  from  different  countries.  This  ca^ph,  and  some  of 
his  successors,  encountered  much  opposition  and  jea^*  usy  from  the  doc- 
tors of  the  Mahometan  law,  who  wished  the  Moslems  to  confine  their 
studies  to  the  Koran,  dreading  the  effects  of  the  diffusion  of  a  taste  for 
the  physical  sciences.* 

Avicenna, — ^Abnost  all  the  works  of  the  early  Arabian  writers  are 
lost.  Amongst  those  of  the  tenth  century,  of  which  fragments  are  now 
extant,  is  a  short  treatise,  ''On  the  Formation  and  Classification  of 
^nerals,"  by  Avicenna,  a  physician,  in  whose  arrangement  there  is  con- 
siderable merit.  The  second  chapter,  "  On  the  Cause  of  Mountains,"  is 
remarkable;  for  mountains,  he  says,  are  formed,  some  by  essential, 
others  by  accidental  causes.  In  illustration  of  the  essential,  he  instan- 
ces "  a  violent  earthquake,  by  which  land  is  elevated,  and  becomes  a 
mountain ;"  of  the  accidental,  the  principal,  he  says,  is  excavation  by 
water,  whereby  cavities  are  produced,  and  adjoining  lands  made  to  stand 
out  and  form  eminences.f 

Omar-^Comnogontf  of  the  Koran. — ^In  the  same  century,  also,  Omar, 
sumamed  "  El  Aalem,"  or  "  The  Learned,"  wrote  a  work  on  "  The  Re- 
treat of  the  Sea."  It  appears  that  on  comparing  the  charts  of  his  own 
time  with. those  made  by  the  Indian  and  Persian  astronomers  two  thou- 
sand years  before,  he  had  satisfied  himself  that  important  changes  had 
taken  place  since  the  times  of  history  in  the  form  of  the  coasts  of  Asia, 

*  Hod.  Univ.  Hist  vol.  il  chap.  iv.  section  iii. 

f  Montes'  quand6que  fiunt  ez  causa  essentiall,  qnand6qne  ex  causa  accidentalL 
Bz  essentiati  causa,  ut  ex  vehementi  rootu  terra  elevator  terra,  ct  fit  mens.  Ao- 
Gidentali,  Ac. — ^De  Congelatione  Lapidum,  ed.  Oedani,  1682. 
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and  that  the  citension  of  the  sea  had  been  greater  at  eomo  former  pe« 
nods.  He  was  confirmed  in  this  opinion  by  the  numerous  salt  springs 
and  marshes  in-  the  interioi^of  Asia, — a  phenomenon  from  which  Pallas, 
m  more  recent  times,  has  drawn  the  same  inference. 

Yon  Hoflf  has  suggested,  with  great  probability,  that  the  changes  m 
the  level  of  the  Caspian  (some  of  which  there  is  reason  to  believe  have 
happened  within  the  historical  era),  and  the  geological  appearances  in 
that  district,  indicating  the  desertion  by  that  sea  of  its  ancient  bed,  had 
probably  led  Omar  to  his  theory  of  a  general  subsideoce.  But  what- 
ever may  have  been  the  proofs  relied  on,  his  system  was  declared  con- 
tradictory to  certain  passages  in  the  Koran,  and  he  was  called  upon 
publicly  to  recant  his  errors ;  to  avoid  which  persecution  he  went  into 
voluntary  banishment  from  Samarkand.* 

The  cosmological  opinions  expressed  in  the  Koran  are  few,  and 
merely  introduced  incidentally :  so  that  it  is  not  easy  to  understand 
how  they  could  have  interfered  so  seriously  with  free  discussion  on  the 
former  changes  of  the  globe.  The  Prophet  declares  that  the  earth  was 
created  in  two  days,  and  the  mountains  were  then  placed  on  it ;  and 
during  these,  and  two  additional  days,  the  inhabitants  of  the  earth  were 
formed  ;  and  in  two  more  the  seven  heavens.f  There  is  no  more  de- 
tail of  circumstances  ;  and  the  deluge,  which  is  also  mentioned,  is  dis- 
cussed with  equal  brevity.  The  waters  are  represented  to  have  poured 
out  of  an  oven  ;  a  strange  fable,  said  to  be  borrowed  from  the  Persian 
Magi,  who  represented  them  as  issuing  from  the  oven  of  an  old  woman.^ 
All  men  were  drowned,  save  Noah  and  his  famUy ;  and  then  God  said, 
"  0  earth,  swallow  up  thy  waters ;  and  thou,  0  heaven,  withhold  thy 
rain  ;"  and  immediately  the  waters  abated.  § 

We  may  suppose  Omar  to  have  represented  the  desertion  of  the  land 
by  the  sea  to  have  been  gradual,  and  that  his  hypothesis  required  a 
greater  lapse  of  ages  than  was  consistent  with  Moslem  orthodoxy  ;  for 
it  is  to  be  inferred  from  the  Koran,  that  man  and  this  planet  were  cre- 
ated at  the  same  time ;  and  although  Mahomet  did  not  limit  expressly 
the  antiquity  of  the  human  race,  yet  he  gave  an  implied  sanction  to  the 
Mosaic  chronology,  by  the  veneration  expressed  by  him  for  the  He- 
brew Patriarchs.) 

*  VoD  Hofl^  GeKfaidito  der  VerlndeniQgvn  der  Erdoberflicfae,  vol  L  p.  40S, 
wbo  cites  Deliale,  bey  Bismami  Welt-und  VSlkergeecbichte.  AUe  Oescbichte 
!»•'  theil,  «L  284. — Tbe  Arabian  persecutions  for  heretical  dogmas  in  theology  were 
'  often  very  saDgainary.  In  the  same  ages  wherein  learning  was  most  in  esteem, 
the  Mahometans  were  divided  into  two  sects,  one  of  whom  maintained  that  tbe 
Koran  was  increate,  and  had  subsisted  in  tbe  very  essence  of  God  from  all  eter- 
nity ;  and  the  other,  the  Motazalitos,  wbo,  admitting  that  the  Koran  was  institn- 
ted  by  Ood,  conceived  it  to  have  been  first  made  when  revealed  to  the  Prophet 
at  Mecca,  and  accused  their  opponents  of  belieTiii^  in  two  eternal  beings.  Tlie 
opinions  of  each  of  these  sects  were  taken  up  bv  diffent  caliphs  in  succession,  and 
the  followers  of  each  sometimes  submitted  to  be  beheaded,  or  flogged  till  at  the 
point  of  death,  rather  than  renounce  their  creed — ^Mod.  Univ.  Hist  vol  il  ch.  iv. 

f  Koran,  diap  xli. 

i  Sale's  Koran,  chap.  zL  see  note.  §  Ibid. 

I  Kossa,  appointed  master  to  the  Caliph  Al  Mamftd,  was  author  of  a  book  en 
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A  manuscript  woi-k,  entitled  the  "  Wonders  of  Nature*"  is  preaeired 
in  the  Royal  Library  at  Paris,  by  an  Arabian  writer,  Mohammed 
Eazwini,  iirho  flourished  in  the  seventh  century  of  the  H^ra,  or  at 
the  close  of  the  thirteenth  century  of  our  era.*  Besides  several  curious 
remarks  on  aerolites,  earthquakes,  and  the  successive  changes  of  posi- 
tion which  the  land  and  sea  have  undergone,  we  meet  with  the  follow- 
ing beautiful  passage  which  is  given  as  the  narrative  of  Kidhs,  an  alle- 
gorical personage : — "  I  passed  one  day  by  a  very  ancient  and  wonder- 
fully populous  city,  and  asked  one  of  its  inhabitants  how  long  it  had 
been  founded.  'It  is  indeed  a  mighty  city,'  replied  he;  'we  know 
not  how  long  it  has  existed,  and  our  ancestors  were  on  this  subject 
as  ignorant  as  oureelves.'  Five  centuries  afterwards,  as  I  passed  by 
the  same  place,  I  could  not  perceive  the  slightest  vestige  of  the  city. 
I  demanded  of  a  peasant,  who  was  gathering  herbs  upon  its  fonner 
ate,  how  bng  it  had  been  destroyed.  *  In  sooth  a  strange  question !' 
replied  he.  '  The  ground  here  has  xiever  been  different  from  what  you 
now  behold  it.' — '  Was  there  not  of  old,'  said  I, '  a  splendid  city  here  V 
— '  Never,'  answered  he, '  so  far  as  we  have  seen,  and  never  did  our 
fathers  speak  to  us  of  any  such.'  On  my  return  there  500  years  after- 
wards, /  found  th$9eainike  same  plaee^  and  on  its  shores  were  a  party 
of  fishermen,  of  whom  I  inquired  how  long  the  land  had  been  cov- 
ered by  the  waters?  'Is  thk  a  question,'  said  they, ' for  a  man  like 
yon  ?  this  spot  has  always  been  what  it  is  now/  I  agab  returned, 
600  years  afterwards,  and  the  sea  had  disappeared ;  I  inquired  of  a 
man  who  stood  alone  upon  the  spot,  how  long  ago  thb  change  had 
taken  place,  and  he  gave  me  the  same  answer  as  I  had  received  before. 
Lastly,  on  coming  back  again  after  an  equal  lapse  of  time,  I  found 
there  a  flourishing  city,  more  populous  and  more  rich  in  beautiful  build- 
ings, than  the  city  I  had  seen  the  first  time,  and  when  I  would  fiiin 
have  informed  myself  concerning  its  origin,  the  inhabitants  answered 
me,  '  Its  rise  is  lost  in  remote  antiquity :  we  are  ignorant  how  long  it  has 
existed,  and  our  fathers  were  on  thb  subject  as  ignorant  as  ourselves.' " 

Early  Italian  wn(er«.— It  was  not  till  the  earlier,  part  of  the  six- 
teenth century  that  geological  phenomena  began  to  attract  the  attention 
of  the  Christian  nations.  At  that  period  a  very  animated  controversy 
sprang  up  in  Italy,  concerning  the  true. nature  and  origin  of  marine 
sheik,  and  other  organized  fossils,  found  abundantly  in  the  strata  of  the 
peninsula.  The  celebrated  painter  Leonardo  da  Vinci,  who  in  his  youth 
had  planned  and  executed  some  navigable  canals  in  the  north  of  Italy, 
was  one  of  the  first  who  applied  sound  reasoning  to  these  subjects. 
The  mud  of  rivers,  he  said,  had  covered  and  penetrated  into  the  interior 
of  fossil  shells  at  a  time  when  these  were  still  at  the  bottom  of  the  sea 
near  the  coast.     "  They  tell  us  that  these  sheUs  were  formed  in  the 

titled  "  Hie  history  of  the  Patriarchs  and  Prophets,  from  the  Creation  of  thi 
ITor/d:''— Mod.  Umv.  Hist  voL  ii  cb.  iv. 

*  Translated  by  MM.  Ohesy  and  Do  Sary,  and  ciUd  by  M.  Elie  de  Beaumonti 
Ann.  des  Sd.  Kat  1882. 
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hills  by  the  influence  of  the  stars ;  but  I  ask  where  m  the  hills  are  the 
stars  now  fonning  shells  of  distmct  ages  and  species?  and  how  can  the 
Stan  explain  the  origin  of  gravel,  occurring  at  different  heights  and 
composed  of  pebbles  rounded  as  if  by  the  motion  c^  running  water ;  or 
in  what  manner  can  such  a  cause  account  for  the  petrifaction  in  the 
same  places  of  rarious  leaves,  sea-weeds,  and  marine-crabs  ?"* 

The  excavations  made  in  1517,  for  repairing  the  dty  of  Verona, 
brought  to  light  a  multitude  of  curious  petrifactions,  and  furnished 
matter  for  speculation  to  different  authors,  and  among  the  rest  to 
Fracastoro,f  who  declared  his  opinion,  that  fossil  shells  had  all  belonged 
to  living  animals,  which  had  formeriy  lived  and  mulUplied  where  there 
exuviae  are  now  found.  He  exposed  the  absurdity  of  having  recourse 
to  a  certain  "  plastic  force,"  which  it  was  said  bad  power  to  fashion 
stones  into  organic  forms ;  and  with  no  less  cogent  arguments,  demon- 
strated the  futility  of  attributing  the  situation  of  the  shells  in  question 
to  the  Mosaic  deluge,  a  theory  obstinately  defended  by  some.  That 
inundation,  he  observed,  was  too  transient ;  it  conmsted  principally  of 
fluviatile  waters ;  and  if  it  had  transported  shells  to  great  dbtances, 
must  have  strewed  them  over  the  surface,  not  buried  them  at  vast 
depths  in  the  interior  of  mountains.  His  clear  exposition  of  the  evi- 
dence would  have  terminated  the  discussion  forever,  if  the  passions  of 
mankind  had  not  been  enlisted  in  the  dispute ;  and  even  though  doubts 
should  for  a  time  have  remained  in  some  minds,  they  would  speedily 
have  been  removed  by  the  fresh  information  obt»ned  almost  imme- 
diately afterwards,  respecting  the  structure  of  fossil  remains,  and  d 
their  living  analogues. 

But  the  clear  and  philosophical  views  of  Fracastoro  were  disre- 
garded, and  the  talent  and  argumentative  powers  of  the  learned  were 
doomed  for  three  centuries  to  be  wasted  in  the  discussion  of  these  two 
simple  and  preliminary  questions :  first,  whether  fossil  remains  had 
ever  belonged  to  living  creatures ;  and,  secondly,  whether,  if  this  be 
admitted,  all  the  phenomena  could  not  be  explained  by  the  deluge  of 
Noah.  ( It  had  been  the  general  belief  of  the  Christian  world  down  to 
the  period  now  under  consideration,  that  the  origin  of  this  planet  was 
not  more  remote  than  a  few  thousand  years ;  and  that  since  the  crea- 
tion the  deluge  was  the  only  great  catastrophe  by  which  considerable 
change  had  been  wrought  on  the  earth's  suiface.  On  the  other  hand, 
the  opinion  was  scarcely  less  genafal,  that  the  final  dissolution  of  our 
system  was  an  event  to  be  looked  for  at  no  distant  period.  The  era,  it 
is  true,  of  the  expected  millenniiun  had  passed  away ;  and  for  five 
hundred  years  after  the  fatal  hour  when  the  annihilation  of  the  planet 

*  See  VentTiri's  extracts  from  Da  yinci's  MMS.  now  in  library  of  Institute  of 
France.  Thev  are  not  mentioned  by  Brocchi,  and  my  attention  was  first  called 
to  them  by  Mr.  Hallam.    L.  da  Yind  died  a.  n.  1619. 

f  Museum  CalceoL — See  Brocdii's  Discourse  on  the  Process  of  the  Study  of 
Fossil  Oonchology  in  Italy,  where  some  of  the  Avowing  notices  on  Italian  writers 
will  be  found  more  at  harge. 
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had  been  looked  for,  the  monks  remained  in  undisturbed  eojoyment  of 
rich  grants  of  land  bequeathed  to  them  bj  pious  donors,  who,  in  the 

preamble  of  deeds  beginning  ''appropioquan^  mundi  tennino" 

"  appropinquante  magno  judicii  die,"  left  lasting  monuments  of  the 
popular  delusion.*' 

But  although  in  the  sixteenth  century  it  had  become  necessary  to 
interpret  certain  prophedes  respecting  the  millennium  more  liberally, 
and  to  assign  a  more  distant  date  to  the  future  conflagration  of  the 
world,  we  find,  in  the  speculations  of  the  early  geologists,  perpetual 
allusion  to  such  an  approaching  catastrophe ;  while  in  all  that  regarded 
the  antiquity  of  the  earth,  no  modification  whatever  of  the  opmions  of 
the  dark  ages  had  been  effected.  Coubiderable  alarm  was  at  first  ex- 
cited when  the  attempt  was  made  to  invalidate,  by  phy^cal  proofs,  an 
article  of  futh  so  generally  received ;  but  there  was  sufficient  spirit  of 
toleration  and  candor  amongst  the  Italian  ecclesiastics,  to  allow  the  sub- 
ject to  be  canvassed  with  much  freedom.  They  even  entered  warmly 
into  the  controversy  themselves,  often  favoring  different  sides  of  the 
question ;  and  however  much  we  may  deplore  the  loss  of  time  and  labor 
devoted  to  the  defence  of  untenable  positions,  it  must  be  conceded  that 
they  displayed  far  less  polemic  bitterness  than  certain  writers  who  fol- 
lowed them  "  beyond  the  Alps,''  two  centuries  and  a  half  later. 

CONTBOYERSr  AS  TO  THB   REAL  KATURB   OF  FOSSIL   OROAVIO   RSMAIKS^ 

Mattidi — FaUqppio, — ^The  system  of  scholastic  disputations,  en- 
couraged in  the  universities  of  the  middle  ages,  had  unfortunately 
trained  men  to  habits  of  indefinite  argumentation ;  and  they  often  pre- 
ferred absurd  and  extravagant  propositions,  because  greater  skill  was 
required  to  maintain  them;  the  end  and  object  of  these  intellectual 
combats  being  victory,  and  not  truth.  No  theory  could  be  so  far- 
fetched or  fantastical  as  not  to  attract  some  followers,  provided  it  fell 
in  with  popular  notions ;  and  as  cosmogonists  were  not  at  all  restricted, 
in  building  their  systems,  to  the  agency  of  known  causes,  the  opponents 
of  Fracastoro  met  his  arguments  by  feigning  imaginary  causes,  which 
differed  from  each  other  rather  in  name  than  in  substance.  Andrea 
Mattioli,  for  instance,  an  eminent  botanist,  the  illustrator  of  Dioscorides, 
embraced  the  notion  of  Agricola,  a  skilful  German  miner,  that  a  certain 
"materia  pinguis,"  or  '* fatty  matter,"  set  into  fermentation  by  heat, 
gave  birth  to  fossil  organic  shapes.  Yet  Mattioli  had  come  to  the  con- 
clusion, from  his  own  observations,  that  porous  bodies,  such  as  bones 
and  shells,  might  be  converted  into  stone,  as  being  permeable  to  what 
he  termed  the  "  lapidifying  juice."  In  like  manner,  Falloppio  of  Padua 
conceived  that  petrified  shells  were  generated  by  fermentation  in  the 
spots  where  they  are  found,  or  that  they  had  in  some  cases  acquired 

*  In  Sicily,  in  partioiilar,  the  title-deeds  of  mapy  valaable  granta  of  laod  to  the 
monasteries  are  headed  by  such  preambles,  composed  by  the  testators  about  the 
period  when  the  good  King  Koger  was  expelling  the  Saracens  from  that  island. 
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their  form  from  "  the  tumultuous'movements  of  terrestrial  exhalations.'* 
Although  celebrated  as  a  professor  of  anatomy,  he  taught  that  certain 
tusks  of  elephants,  dug  up  in  his  time  in  Apulia,  were  mere  earthy  con- 
cretions ;  and,  consistently  with  these  principles,  he  even  went  so  far  as 
to  consider  it  probable,  that  the  vases  of  Monte  Testaceo  at  Rome  were 
natural  impressions  stamped  in  the  soil*  In  the  same  spirit,  Mercati, 
who  published,  in  1574,  faithful  figures  of  the  fossil  shells  preserved  by 
Pope  Sixtus  y.  in  the  Museum  of  the  Vatican,  expressed  an  opinion  that 
they  wei-e  mere  stones,  which  had  as&umed  their  peculiar  cciifiguration 
from  the  influence  of  the  heavenly  bodies ;  and  Olivi  of  Cremona,  who 
described  the  fossil  remains  of  a  rich  museum  at  Verona,  was  satisfied 
with  considering  them  as  mere  "  sports  of  nature/* 

Some  of  the  fanciful  notions  of  those  times  were  deemed  less  un- 
reasonable, as  being  somewhat  in  harmony  with  the  Aristotelian  theory 
of  spontaneous  generation,  then  taught  in  all  the  schools.f  For  men 
who  had  been  taught  in  early  youth,  that  a  large  proportion  of  living 
animals  and  plants  was  formed  from  the  fortuitous  concourse  of  atoms, 
or  had  sprung  from  the  corruption  of  organic  matter,  might  easily  per- 
suade themselves  that  organic  shapes,  often  imperfectly  preserved  in 
the  interior  of  solid  rocks,  owed  their  existence  to  causes  equally  ob- 
scure and  mysterious. 

Cardano,  1562. — But  there  were  not  wanting  some  who,  during  the 
progress  of  this  century,  expressed  more  sound  and  spber  opinions.  The 
title  of  a  work  of  Cardano's,  published  in  1652,  **De  Subtilitate"  (cor- 
responding to  what  would  now  be  called  Transcendental  Philosophy), 
would  lead  us  to  expect,  in  the  chapter  on  minerals,  many  far-fetched 
theories  characteristic  of  that  age ;  but  when  treating  of  petrified  shells, 
he  decided  that  they  cleariy  indicated  the  former  sojourn  of  the  sea 
upon  the  mountains.^ 

Ccsalpino — Majoli,  1697. — Cesalpino,  a  celebrated  botanist,  con- 
ceived that  fossil  shells  had  been  left  on  the  land  by  the  retiring  sea, 
and  had  concreted  into  stone  during  the  consolidation  of  the  soil  ;§  and 
in  the  following  year  (1697),  Simeohe  Majoli  J  went  stOl  farther ;  and, 
coinciding  for  the  most  part  with  the  views  of  Cesalpino,  suggested  that 
the  shells  and  submarine  matter  of  the  Veronese,  and  other  districts, 
migk'  have  been  cast  up  upon  the  land  by  volcanic  explosions,  like 
those  which  gave  rise,  in  1538,  to  Monte  Nuovo,  near  Puzzuoli.  This 
hint  seems  to  have  been  the  first  imperfect  attempt  to  connect  the  posi- 
tion of  fossil  shells  with  the  agency  of  volcanoes,  a  system  afterwards  more 
fully  developed  by  Hooke,  Lazzaro  Moro,  Hutton,  and  other  writers. 

Two  years  afterwards,  Imperati  advocated  the  animal  origin  of  fossil- 
ised shells,  yet  admitted  that  stones  could  vegetate  by  force  of  •'  an 
internal  pruiciple ;"  and,  as  evidence  of  this,  he  referred  to  the  teeth  ol 
fish  and  spines  of  echini  found  petrified.^ 

*  De  Foesilih  pp.  109,  176.  f  Aristotle,  On  Aoimals,  chaps.  1, 15 

t  Broochj,  Con.  ros.  Subap.  Disc,  sui  ProgressL  voL  L  p.  67. 

9  De  MetalUcifi.  |  DieB  Caniculare&  f  Storia  Katurale 
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Falissy,  1580. — ^Palissy,  a  French  writer  on  "The Origin  of  Springs 
from  Rain-water/'and  of  other  scientific  works,  undertook,  in  1580,  tc 
eomhat  the  notions  of  many  of  his  contemporaries  in  Italy,  that  petrified 
shells  had  all  heen  deposited  hy  the  universal  deluge.  **  He  was  the 
first,''  said  Fontenelle,  when,  in  the  French  Academy,  he  pronounced 
his  eulogy,  nearly  a  century  and  a  half  later,  "  who  dared  assert,"  in 
Paris,  that  fossil  remsuns  of  testacea  and  fish  had  once  belonged  to  ma- 
rine animals. 

Fabio  Colanna. — ^To  enumerate  the  multitude  of  Italian  writers,  who 
advanced  yarious  hypotheses,  all  equally  fantastical,  in  the  early  part  of 
the  seventeenth  century,  would  be  unprofitably  tedious  ;  but  Fabio  Co- 
lonna  deserves  to  be  distinguished ;  for,  although  he  gave  way  to  the 
dogma,  that  all  fossil  remains  were  to  be  referred  to  the  deluge  of  Noah, 
he  resisted  the  absurd  theory  of  Stellud,  who  taught  that  fossil  wood 
and  ammonites  were  m^re  clay,  altered  into  such  forms  by  sulphureous 
waters  and  subterranean  heat ;  and  he  pointed  out  the  different  states 
of  shells  buried  in  the  strata,  distinguishing  between,  first,  the  mere 
mould  or  impression;  second,  the  cast* or  nucleus;  and,  thirdly,  the 
remains  of  the  shell  itself.  He  had  also  the  merit  of  being  the  first  to 
point  out  that  some  of  the  fossils  had  belonged  to  marine  and  some  to 
tenestrial  testacea.* 

Steno,  1669. — ^But  the  moet  remarkable  work  of  that  period  was 
published  by  Steno,  a  Dane,  once  professor  of  anatomy  at  Padua,  and 
who  afterwards  resided  many  years  at  the  court  of  the  Grand  Duke  of 
Tuscany.  Hb  treatise  bears  the  quaint  title  of  *'  De  Solido  intra  Soli- 
dnm  naturaltier  contento  (1669),"  by  which  the  author  intended  to 
express,  *'  On  Gems,  Crystals,  and  organic  Petrifactions  inclosed  within 
solid  Rocks."  This  work  attests  the  priority  of  the  Italian  school  in 
geological  research ;  exemplifying  at  the  same  time  the  powerful  obsta- 
cles opposed,  in  that  age,  to  the  general  reception  of  enlarged  views  in 
the  science.  It  was  still  a  favorite  dogma,  that  the  fossil  remains  of 
shells  and  marine  creatures  were  not  of  animal  origin ;  an  opinion  ad- 
hered to  by  many  from  their  extreme  reluctance  to  believe,  that  the 
earth  could  have  been  inhabited  by  living  beings  before  a  great  part  of 
the  existing  mountains  were  formed.  In  reference  to  this  controversy, 
Steno  had  dissected  a  shark  recently  taken  from  the  Mediterranean,  and 
had  demonstrated  that  its  teeth  and  bones  were  identical  with  many 
fossils  found  in  Tuscany.  He  had  also  compared  the  shells  discovered 
in  the  Italian  strata  with  living  species,  pointed  out  their  resemblance, 
and  traced  the  various  gradations  from  shells  merely  calcined,  or  which 
had  only  lost  their  animal  gluten,  to  those  petrifactions  in  which  there 
was  a  perfect  substitution  of  stony  matter.  In  his  division  of  mineral 
masses,  he  insisted  on  the  secondary  origin  of  those  deposits  in  which 
the  spoils  of  animals  or  fragments  of  older  roeks  were  inclosed.  He 
distixiguished  between  marine  formations  and  those  of  a  fluviatile  char- 

*  Ouerv.  nigli  Animali  aqtuit  o  terrett  1626. 
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acter,  the  last  containing  reeds^  grasses,  or  the  trunica  and  branches  of 
trees.  He  argued  m  favor  of  the  original  horiflontalitj  of  sedimentary 
deposits,  attributing  their  present  inclined  and  vertical  position  some, 
times  to  the  escape  of  subterranean  vapors  heaving  the  crust  of  the 
earth  from  below  upwards,  and  sometimes  to  the  falling  in  of  masses 
overlying  subterranean  cavities. 

He  declared  that  .he  had  obtained  proof  that  Tuscany  must  succss- 
£vely  have  acquired  six  distinct  configurations,  having  been  twice  cov- 
ered by  water,  twice  laid  dry  with  a  level,  and  twice  with  an  irregular 
and  uneven  surface.*  He  displayed  great  anxiety  to  reconcile  his  new 
views  with  Scripture,  for  wluch  purpose  he  pointed  to  certain  rocks  as 
having  been  formed  before  the  existence  of  aninaals  and  plants :  select- 
ing  unfortunately  as  examples  certain  formations  of  limestone  and  sand- 
stone in  his  own  country,  now  known  to  contain,  though  sparingly,  the 
remains  of  animals  and  plants, — strata  which  do  not  even  rank  as  the 
oldest  pairt  of  our  secondary  series.  Steno  suggested  that  Moses,  when 
speaking  of  the  loftiest  mountains  as  having  been  covered  by  the  deluge, 
meant  merely  the  loftiest  of  the  hills  then  existing,  which  may  not  have 
been  very  high.  The  diluvian  waters,  he  supposed,  may  have  issued 
from  the  interior  of  the  earth  into  which  they  had  retired,  when  in  the 
beginning  the  land  was  separated  from  the  sea.  These,  and  other 
hypotheses  on  the  same  subject,  are  not  calculated  to  enhance  the  value 
of  the  treatise,  and  could  scarcely  fail  to  detract  from  the  authority  of 
those  opinions  which  were  sound  and  legitimate  deductions  from  fact 
and  observation.  They  have  served,  nevertheless,  as  the  germs  of  many 
popular  theories  of  later  times,  and  in  an  expanded  form  have  been  put 
forth  as  original  inventions  by  some  of  our  contemporaries. 

Scilla,  1670. — Scilla,  a  Sicilian  painter,  published,  in  1670,  a  treatise, 
in  Latin,  on  the  fossils  of  Calabria,  illustrated  by  good  engravings. 
This  work  proves  the  continued  ascendancy  of  dogmas  often  refuted ; 
for  we  find  the  wit' and  eloquence  of  the  author  chiefly  directed  against 
the  obstinate  incredulity  of  naturalists  as  to  the  organic  nature  of  fossil 
shells.f  Like  many  eminent  naturalists  of  his  day,  Scilla  gave  way  to  the 
popular  persuasion,  that  all  fossil  shells  were  the  effects  and  proofs  of  the 
Mosaic  deluge.  It  may  be  doubted  whether  he  was  perfectly  sincere, 
and  some  of  his  contemporaries  who  took  the  same  course  were  certainly 
not  so.  But  so  eager  were  they  to  root  out  what  they  justly  considered 
an  absurd  prejudice  respecting  the  nature  of  organized  fossils,  that  they 
seem  to  have  been  ready  to  make  any  concessions,  in  order  to  establish 
this  preliminary  point  Such  a  compromising  policy  was  short-sighted, 
since  it  was  to  little  purpose  that  the  nature  of  the  documents  should  at 

*  Sex  itaque  distinctas  Etrurias  fades  agnoecimus,  dum  bis  fluida,  bis  plana,  et 
sicca,  bis  aspera  fuerit,  Ac 

f  Scilla  quotes  the  remark  of  Oioero  on  the  story  that  a  stone  in  Chios  had  been 
cleft  open,  and  presented  the  head  of  Paniscus  in  relief : — **  I  believe/'  said  the 
orator,  **that  the  figure  bore  some  resemllance  to  Paniscus,  but  not  such  that 
^ou  would  have  deemed  it  sculptured  by  Scopas ;  for  chance  never  perfectly 
mutates  the  truth." 
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length  be  correctly  understood,  if  men  vere  to  be  presented  from  dedn* 
eii^  ftcr  ooDclaaions  from  them. 

IHluvial  Thecrjf.'^The  theologians  who  now  entered  the  field  in 
Italy,  Genpany*  Franee,  and  England^  were  innumerable ;  and  hence- 
forward, they  who  refused  to  subscribe  to  the  position,  that  all  marine 
o^^c  remains  were  proofs  of  the  Mosaic  deluge,  were  exposed  to  tho 
imputatioa  of  disbelieying  the  whole  of  the  sacred  writings.  Scarcely 
any  stop  had  been  made  in  approximating  to  sound  theories  since  the 
time  of  Fracastoro,  more  than  a  hundred  years  having  been  lost,  b 
writing  down  the  dogma  that  organised  fossils  were  mere  sports  of 
nature.  An  additional  period  of  a  century  and  a  half  was  now  destined 
to  be  consumed  in'  exploding,  the  hypothesis,  that  organised  fossils  had 
all  been  buried  in  the  solid  strata  by  Noah's  flood.  Never  did  a  theo- 
retical fallacy,  in  any  branch  of  science,  interfere  more  seriously  with 
accurate  observation  and  the  systematic  classification  of  facts.  In  re- 
cent times,  we  may  attribute  our  rapid  progress  chiefly  to  the  careful 
determination  of  the  order  of  succession  in  mineral  masses,  by  means  of 
their  diflieorent  organic  contents,  and  their  regular  superposition.  But 
the  old  diluvialiste  were  induced  by  their  system  to  confound  all  the 
groups  of  strate  together  instead  of  discriminating, — ^to  refer  all  appear- 
ances to  one  cause  and  to  one  brief  period,  not  to  a  variety  of  causes 
acting  throughout  a  long  succession  of  epochs.  They  saw  the  phenom- 
ena only  as  they  desired  to  see  them,  sometimes  misrepresenttng  facts, 
and  at  other  times  deducing  false  conclusions  from  correct  data.  Under 
the  influence  of  such  prejudices,  three  centuries  were  of  as  little  avail  as 
a  few  years  in  our  own  times,  when  we  are  no  longer  required  to  propel 
the  vessel  against  the  force  of  an  adverse  current. 

It  may  be  well,  therefore,  to  forewarn  the  reader,  that  in  tracing  the 
history  of  geology  from  the  close  of  the  seventeenth  to  the  end  of  the 
eighteen^  century,  hoifnust  expect  to  be  occupied  with  accounts  of  tho 
retardation,  as  well  as  of  the  advance,  of  the  science.  It  will  be  neces- 
saiy  to  point  out  the  frequent  revival  of  exploded  errors,  and  the  re- 
lapse from  sound  to  the  most  absurd  opinions ;  and  to  dwell  on  futile 
reasonic^  and  visionary  hypothesis,  because  some  of  the  most  extrava- 
gant systems  were  invented  or  controverted  by  men  of  acknowledged 
talents  In  short,  a  sketeh  of  the  progress  of  geology  is  the  history  of 
a  constant  and  violent  struggle  of  new  opinions  against  doctrines  sanc- 
tioned by  the  implicit  faith  of  many  generations,  and  supposed  to  rest 
on  scriptural  authority.  The  inquiry,  therefore,  although  highly  in- 
teresting to  one  who  studies  the  philosophy  of  the  human  mind,  is  too 
often  barren  of  instruction  to  him  who  searches  for  truths  in  physical 
science. 

Quirini,  1676.-— Quirini,  in  1676,*  contended,  in  opposition  to  Scilla, 
that  the  diluvian  waters  could  not  have  conveyed  heavy  bodies  to  the 
fommit  of  mountmns,  since  the  agitation  of  the  sea  never  (as  Boyle  had 

*  De  Te8ta€«i8  foesUibus  Hub.  Septaliuii. 
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demonstrated)  extended  to  great  depths  ;*  and  still  less  could  the  tes* 
tacea,  as  some  pretended,  have  lived  in  these  dilnvian  waters ;  for  ''  the 
duration  of  the  flood  was  hrief,  and  Ui$  heavy  raint  must  have  destroy^' 
ike  ealinees  oftheeeaP*  He  was  the  first  writer  who  ventured  to  main- 
tain that  the  universality  of  the  Mosaic  cataclysm  ought  not  to  be  in- 
sisted upon.  As  to  the  nature  of  petrified  shells,  he  conceived  that  as 
earthy  particles  united  in  the  sea  to  form  the  shells  of  molluscs,  the 
same  crystallising  process  might  be  effected  on  the  land ;  and  that»  in 
the  latter  case,  the  germs  of  the  animals  might  have  been  disseminated 
through  the  substance  of  the  rocks,  and  afterwards  developed  by  virtue 
of  humidity.  Vi^onary  as  was  this  doctrine,  it  gained  many  proselytes 
even  amongst  the  more  sober  reasoners  of  Italy  and  Germany;  for  it 
conceded  that  the  position  of  foss'd  bodies  could  not  be  accounted  for  by 
the  diluvial  theory. 

Plot — Lister,  1678. — In  the  mean  time,  the  doctrine  that  fossil  shells 
had  never  belonged  to  real  animals  maintained  "its  ground  in  England, 
where  the  agitation  of  the  question  began  at  a  much  later  period.  Dr. 
Plot,  in  his  «  Natural  History  of  Oxfordshure"  (1677),  attributed  to  a 
**  plastic  virtue  latent  in  the  earth"  the  origin  of  fossil  shells  and  fishes ; 
and  Lister,  to  his  accurate  account  of  British  shells,  m  1678,  added  the 
fossil  species,  under  the  appellation  of  turbinated  and  bivalve  stones, 
*'  Either,"  said  he,  "  these  were  terriginous,  or,  if  otherwise,  the  animals 
they  so  exactly  represent  have  become  extinct,**  This  writer  appears  to 
have  been  the  first  who  was  aware  of  the  continuity  over  large  districts 
of  the  principal  groups  of  strata  in  the  British  series,  and  who  proposed 
the  construction  of  regular  geological  maps.f 

Leibnitz,  1680. — ^The  great  mathematician  Leibnitz  published  his 
"Protogosa"  in  1680.  He  imagined  this  planet  to  have  been  originally 
a  burning  luminous  mass,  which  ever  since  its  creation  has  been  under- 
going refrigeration.  When  the  outer  crust  had  cooled  down  sufficiently 
to  allow  the  vapors  to  be  condensed,  they  fell,  and  formed  a  universal 
ocean,  covering  the  loftiest  mountains,  and  investing  the  whole  globe. 
The  crust,  as  it  consolidated  from  a  state  of  fusion,  assumed  a  vesicular 
and  cavernous  structure ;  and  being  rent  in  some  places,  allowed  the 
water  to  rush  into  the  subterranean  hollows,  whereby  the  level  of  the 
primeval  ocean  was  lowered.  The  breaking  in  of  these  vast  caverns  is 
supposed  to  have  given  rise  to  the  dislocated  and  deranged  position  of 
'  the  strata  "  which  8teno  had  described,"  and  the  same  disruptions  com- 

*  The  opiDions  of  Boyle,  alluded  to  by  Quirini,  were  published  a  few  yean 
before,  in  a  short  article  entitled  "  On  the  Bottom  of  the  Sea.**  From  obeervations 
coUocted  from  the  divers  of  the  pearl  fishery,  Boyle  inferred  that,  when  the  waves 
were  six  or  seven  feet  high  above  the  surface  of  the  water,  there  were  no  signs  of 
agitation  at  the  depth  of  fifteen  fathoms ;  and  that  even  during  heavy  gales  of 
wind,  the  motion  of  the  water  was  exceedingly  diminished  at  the  depth  of  twelve 
or  fifteen  feet.  He  had  fdso  learnt  from  some  of  his  informants,  that  there  were 
currents  running  in  opposite  directions  at  different  depths — Boyle's  Works,  vol 
liL  pi  110.     London,  1744. 

'  See  CkMiybeare  and  Phillips,  "  Outlines  of  the  Qeology  of  England  and  Walea," 


tkL  m]  HooxE.  8T 

municated  violent  moviements  to  the  incambent  vaters,  whence  great 
innndations  ensued.  The  waters,  after  they  had  been  thus  agitated, 
deposited  their  sedimentary  matter  during  inter^^als  of  quiescence,  and 
hence  the  rarious  stony  and  earthy  strata.  ''  We  may  recognize,  there- 
fore,'* says /Leibnitz,  ''a  double  origin  of  primitive  masses,  the  one  l^y 
refrigeration  from  igneous  fusion,  the  other  by  concretion  from  aqueous 
solution."*  By  the  repetition  of  similar  causes  (the  disruption  of  the 
erost  and  consequent  floods),  alternations  of  new  strata  were  produced, 
until  at  length  these  causes  were  reduced  to  a  condition  of  quiescent 
eqmlibrium,  and  a  more  permanent  state  of  things  was  established^ 

Sooke,  1688.— The  "Posthumous  Works  of  Robert  Hooke,  M.  D.,*' 
well  known  as  a  great  mathematician  and  natural  philosopher,  appeared 
in  1705,  contaming  '*  A  Discourse  of  Earthquakes,"  which,  we  are  in- 
formed by  his  editor,  was  written  in  1668,  but  revised  at  subsequent 
periods.}  Hooke  frequently  refers  to  the  best  Italian  and  English 
authors  who  wrote  before  his  time  on  geological  subjects ;  but  there 
are  no  passages  in  his  works  implying  that  he  participated  in  the  en- 
larged views  of  Bteno  and  Lister,  or  of  his  contemporary.  Woodward, 
in  r^ard  to  the  geographical  extent  of  certain  groups  of  strata.  His 
treatise,  however,  ]a  the  most  philosophical  production  of  that  age,  in 
regard  to  the  causes  of  former  changes  in  the  oiganic  and  inorganic 
kingdoms  of  nature. 

"  However  trivia]  a  thing,"  he  says,  **  a  rotten  shell  may  appear  to 
Kome,  yet  these  monxmients  of  nature  are  more  certain  tokens  of  an- 
tiquity than  coins  or  medals,  since  the  best  of  those  may  be  counter- 
feited or  made  by  art  and  design,  as  may  also  books,  manuscripts,  and 
bs<aiptions,  as  all  the  learned  are  now  sufficiently  satisfied  has  often 
been  actually  practised,"  A;c. ;  "  and  though  it  must  be  granted  that  it 
is  very  difficult  to  read  them  (the  records  of  nature)  and  to  raise  a 
chronology  out  of  them,  and  to  state  the  intervals  of  the  time  wherem 
such  or  such  catastrophes  and  mutations  have  happened,  yet  it  is  not 
impo6sible."§ 

Respecting  the  extinction  of  species,  Hooke  was  aware  that  the  . 
fossil  ammonites,  nautili,  and  many  other  shells  and  fossil  skeletons 
found  in  England,  were  of  different  species  from  any  then  known ;  but 
he  doubted  whether  the  species  had  become  extinct,  observing  that  the 
knowledge  of  naturalists  of  all  the  marine  species,  especially  those  in- 
habiting the  deep  sea,  was  very  deficient.    In  some  parts  of  his  wri- 

*  Unde  jam  daplez  origo  intelligttur  primorum  corporam,  una,  com  ab  ignis 
fatione  refngesoerent,  altera,  cum  reconcirescerent  ez  solatione  aqnarum. 

f  Redetmte  max  simili  causft  strata  subinde  alia  aliis  impooerentur,  et  facies 
teneri  adhnc  orbis  stepitis  novata  est  Donee  quiescentibtis  causis,  atqae  leqaili- 
bratis,  eonsistentior  emergeret  renim  status. — For  an  able  analyslB  of  tbo  views  of 
Leibnitz,  in  his  Prctogoea,  see  Mr.  Conjbeare's  Report  to  the  Brit  Assoc,  on  the 
Progress  of  Q^eolpgical  Science,  1832.  , 

X  Between  the  year  1688  and  his  death,  in  1703,  he  read  several  memoirs  to 
the  Royal  Sodety,  and  delivered  lectures  on  various  subjects,  relating  to  fossil 
remains  and  the  effects  of  earthquakes. 

§  Posth.  Works,  Lecture,  Feb.  29, 16S8. 
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tings,  however,  he  leans  to  the  opinion  that  species  had  been  lost ;  and  in 
speculating  oft  this  subject,  he  even  suggests  that  there  might  be  some 
connection  between  the  disappearance  of  certain  kinds  of  animals  and 
plants,  and  the  changes  wrought  bj  earthquakes  in  former  ages.  Some 
species,  he  observes,  with  great  sagatity,  are  **peetdiar  to  certain  places, 
and  not  to  be  found  elsewhere.  If,  then,  such  a  place  had  been  swal- 
lowed up,  it  is  not  improbable  but  thtft  those  animate  beings  may  have 
been  destroyed  with  it ;  and  this  may  be  true  both  of  aerial  and  aquatic 
animals;  for  those  animated  bodies,  whether  vegetables  or  animals, 
which  were  naturally  nourished  or  refreshed  by  the  sk,  would  be  de- 
stroyed by  the  water,"  &c.*  Turtles,  he  adds,  and  such  large  ammo- 
mtes  as  are  found  in  Portland,  seem  to  have  been  the  productions  of 
hotter  countries ;  and  it  is  necessary  to  suppose  that  England  once  lay 
under  the  sea  within  the  torrid  zone !  To  explain  this  and  similar  phe- 
nomena, he  indulges  in  a  variety  of  speculations  concerning  changes  in 
the  position  of  the  axis  of  the  earth's  rotation,  "  a  shifting  of  the  earth's 
centre  of  gravity,  analogous  to  the  revolutions  of  the  magnetic  pole," 
&c.  None  of  these  conjectures,  however,  are  proposed  dogmatically, 
but  rather  in  the  hope  of  promoting  fresh  inquiries  and  experiment^. 

In  opposition  to  the  prejudices  of  his  age,  we  find  him  argumg 
against  the  idea  that  nature  had  formed  fossil  bodies  "for  no  other  end 
than  to  play  the  mimic  in  the  mineral  kingdom ;" — ^maintaining  that 
figured  stones  were  **  really  the  several  bodies  they  represent,  or  the 
mouldings  of  them  petrified,"  and  not,  as  some  have  imagined,  '  a  lusus 
naturae,*  sporting  herself  in  the  needless  formation  of  useless  beings."f 

It  was  objected  to  Hooke,  that  his  doctrine  of  the  extinction  of 
species  derogated  from  the  wisdom  and  power  of  the  omnipotent  Crea- 
tor ;  but  he  answered,  that,  as  individuals  die,  there  may  be  some  ter- 
mination to  the  duration  of  a  species ;  and  his  opinions,  he  declared, 
were  not  repugnant  to  Holy  Writ :  for  the  Scriptures  taught  that  our 
system  was  degenerating,  and  tending  to  its  final  dissolution ;  "  and  as, 
when  that  shall  happen,  all  the  species  will  be  lost,  why  not  some  at 
one  time  and  some  at  another  ?"| 

But  his  principal  object  was  to  account  for  the  manner  in  which  shells 

»  Poeth.  Works,  n.  827. 

f  Posth.  Worka,  Xectare,  Feb.  15, 1688.  Hooke  eiplRined  with  considerable 
clearness  the  different  modes  wherein  oi^^ic  suhstances  may  become  lapidified ; 
and,  among  other  illustrations,  he  mentions  some  silicified  palm-wood  brought 
from  Africa,  on  which  M.  de  la  Hire  had  read  a  memoir  to  tne  Royal  Academy 
of  Franca  (June,  16921  wbereiD  be  had  pomted  out,  not  only  the  tubes  running 
the  length  of  the  tmn^  bat  the  roots  at  one  eztremit:|'.  De  la  Hire,  savs  Hooke, 
also  treated  of  certain  trees  found  petrified  in  the  ** river  that  passes  by  Bakan, 
in  the  kingdom  of  .^wi,  and  which  nas  for  the  space  of  ten  leagues  the  virtue  of 
petrifying  wood."  It  is  an  interesting  fact  that  the  ailieified  wood  of  the  Irawadi 
should  have  attracted  attention  more  than  one  hundred  years  ago.  Remarkable 
discoveries  have  been  made  there  in  later  times  of  fossil  animals  and  vegetables, 
by  Mr.Grawliird  and  Dn  Wallich.-'-See  OeoL  Thms.  vol  ii.  part  iii.  p.  S77,  second 
seriea.  De  la  Hire  cites  Father  DuchatJE,  in  the  second  volume  of  **  Observationi 
made  in  the  Indies  by  the  JesuitSi" 

t  Posth.  Works,  Lecture,  May  29,  1689. 
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had  been  conveyea  into  the  higher  parts  of. ''  the  Alps,  Apennines,  sad 
Pjrenean  hills,  and  the  interior  of  continents  in  general  **  These  and 
o^er  appearances,  he  said,  might  have  been  brongki  about  bj  earth* 
quakes,  "  which  have  turned  plains  into  monntaina^  and  jnonntains  mto 
plains,  seas  Into  land,  and  land  into  aeas,  made  liTera  wheie  there  were 
none  before,  and  swallowed  up  others  that  formerlj  wererdM.,  Ac. ;  and 
which,  ^nce  the  creation  of  the  world,  have  wrought  manj  great  changes 
on  the  superficial  parts  of  the  earth,  and  have  been  the  instruments  of 
placing  shells,  bones,  plants,  fishes,  and  the  like,  in  those  places  where, 
with  much  astonishment,  we  find  them."^  Thb  doctiine,  it  is  true,  had 
been  laid  down  in  terms  ahnost  equallj  explicit  bj  Strabo,  to  explain 
the  occurrence  of  fossil  shells  in  the  interior  of  continents,  and  to  that 
gec^rapher,  and  other  writers  of  antiquity,  Hooko  frequently  refers ;  but 
the  revival  and  derelopment  of  the  system  was  aa  important  step  in  the 
progress  of  modem  science. 

Hooke  enumerated  all  the  example^  known  to  him  of  subterranean 
distorbanee,  from  <<  the  sad  catastrophe  of  Sodom  and  Gomorrah,"  down 
to  the  Chilian  earthquake  of  1646.  The  elevating  of  the  bottom  of  the 
sea,  the  sinking  and  submersion  of  the  land,  and  most  of  the  inequalities 
of  th#  earth's  surface,  might,  he  said,  be  accounted  for  by  the  agency 
of  these  subterranean  causes.  He  mentions  that  the  coast  near  Naples 
WQ»  raited  dunngikt  eruption. of  MonU  Nuovo;  and  that,  in  1591,  land 
rose  in  the  island  of  St.  Michad,  during  an  eruption :  and  although  it 
would  be  more  difficult,  he  says,  to  prove,  he  does  not  doubt  but  that 
there  had  been  as  many  earthquakes  in  the  parts  of  the  earth  under  the 
ocean,  as  in  the  parts  of  the  dry  land ;  in  confinnation  of  which,  he 
mentions  the  immeasurable  depth  of  the  sea  near  some  volcanoes.  To 
attest  the  extent  of  simultaneous  subterranean  movements,  he  refers  to 
an  earthquake  in  the  West  Indies,  in  the  year  1600,  where  the  space  oi 
earth  raised,  or  "  struck  upwards,"  by  the  shocks  exceeded,  he  affirms, 
the  length  of  the  Alps  and  Pyrenees. 

.  Hookers  diluvial  Theory. — As  Hooke  declared  the  favorite  hypothesis 
of  the  day,  "  that  marine  fossil  bodies  were  to  be  referred  to  Noah's 
flood,"  to  be  wholly  untenable,  he  appears  to  have  felt  himself  called 
upon  to  substitute  a  diluvial  theory  of  hb  own,  and  thus  he  became  in* 
vohred  in  countless  difficulties  and  contradictions.  ''  During  the  great 
catastrophe,"  he  said,  "  there  might  have  been,  a  ehaaging  of  timt  part 
which  was  brfoie  dry  land  into  sea  by  sinking,  and  of  that  which  was 
sea  into  dry  land  by  raising,  and  marine  bodies  m^ht  have  been  buried 
in  sediment  beneath  the  ocean,  in  the  interval  between  the  creation  and 
the  deluge."f  Then  follows  a  disquisition  on  the  separation  of  the  land 
from  the  waters,  mentionfid  in  Genesis ;  during  which  operation  some 
places  of  the  shell  of  tiie  eartb  were  fcMrced  outwards,  and  others  pressed 
downwards  or  inwards,  kt.  His  diluvial  hypothesis  very  much  re- 
sembled th^t  of  Steno,  and  was  entirely  opposed  to  the  fundamental 

•  PoBth.  Work^  p.  812.  f  Fosth.  Worker  p.  410. 
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prinoiples  professed  bj  him^  that  he  would  explain  the  former  changes 
of  the  earth  in  a  more  natural  manner  than  others  had  done.  When, 
m  despite  of  thb  declaration,  he  required  a  former  ''  crisis  of  nature," 
and  taught  that  earthquakes  had  become  debilitated,  and  that  the  Alps, 
Andes,  and  other  chains,  had  been  lifted  up  in  a  few  months,  he  was 
compelled  to  assume  so  rapid  a  rate  of  change,  that  his  machinery  ap^ 
peared  scarcely  less  extravagant  than  that  of  his  most  fancililkprede- 
eessors.  For  this  reason,  perhaps,  his  whole  theory  of  earthquakes  met 
with  undeserved  neglect 

Hay,  1602. — One  of  his  contemporaries,  the  celebrated  naturalist, 
Ray,  participated  in  the  same  desire  to  explam  geological  phenomena 
by  reference  to  causes  less  hypothetical  than  those  usually  resorted  to.* 
In  his  essay  on  "  Chain  and  Creation,"  he  proposed  a  system,  agreeing 
m  its  outline,  and  in  many  of  its  details,  with  that  of  Hooke ;  but  hb 
knowledge  of  natural  hbtoiy  enabled  him  to  elucidate  the  subject  with 
various  original  observations.  Ei^rthquakes,  he  suggested,  might  have 
been  the  second  causes  employed  at  the  creation,  in  separating  the  land 
from  the  waters,  and  in  gathering  the  waten  together  into  one  place. 
He  mentions,  like  Hooke,  the  earthquake  of  1646,  which  had  violently 
shaken  the  Andes  for  some  hundreds  of  let^ues,  and  made  many^ter- 
ations  therein.  In  assignbg  a  cause  for  the  general  deluge,  he  preferred 
a  change  in  the  earth's  centre  of  gravity  to  the  introduction  of  earth- 
quakes. Some  unknown  cause,  he  said,  might  have  forced  the  sub- 
terranean watere  outwards,  as  was,  perhaps,  indicated  by  "the  break- 
mg  up  of  the  fountains  of  the  great  deep." 

Ray  was  one  of  the  firat  of  our  writera  who  enlarged  upon  the  effects 
of  running  water  upon  the  land,  and  of  the  encroachment  of  the  sea 
upon  the  shores.  So  important  did  he  consider  the  agency  of  these 
causes,  that  he  saw  in  them  an  indication  of  the  tendency  of  our  system 
to  its  final  dissolution ;  and  he  wondered  why  the  earth  did  not  proceed 
more  rapidly  towards  a  general  submersion  beneath  the  sea,  when  so 
much  matter  was  carried  down  by  rivera,  or  undermined  in  the  sea-clifis. 
We  perceive  deariy  from  his  writings,  that  the  gradual  decline  of  our 
system,  and  its  future  consummation  by  fire,  was  held  to  be  as  necessaiy 
an  article  of  faith  by  the  orthodox,  as  was  the  recent  origin  of  our  planet 
His  discourses,  like  those  of  Hooke,  are  highly  interesting,  as  attesting 
the  familiar  association  in  the  minds  of  philosophers,  in  the  age  of  New- 
ton, of  questions  in  physics  and  divinity.  Ray  gave  an  unequivocal  proof 
of  the  sincerity  of  his  mind,  by  sacrificing  his  preferment  in  the  church, 
rather  than  tidce  an  oath  agunst  the  Covenanters,  which  he  could  not 
reconcile  with  his  conscience.  His  reputation,  moreover,  in  the  scientific 
world  placed  him  high  above  the  temptation  of  courting  popularity,  by 
pandering  to  the  physico-theological  taste  of  his  age.     It  is,  therefore, 

*  Ray's  Fhysioo-theological  Disoonrset  were  of  somewhat  later  date  than 
Hooke*s  great  work  on  earthquakes.  He  speaks  of  Hooke  as  one  "  whom  for  his 
learning  and  deep  insight  into  the  mysteries  of  natTire  he  deservedly  honored.' 
—Oft  M«  Dtlvge^  chap  iv. 
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eurious  to  meet  with  so  many  citations  from  the  Chiistian  fathers  and 
prophets  in  his  essays  on  physical  science — ^to  find  him  in  one  page  pro- 
ceeding, hy  the  strict  rules  of  induction,  to  explain  the  former  changes 
of  the  globe,  and  in  the  next  gravely  entertaining  the  question,  whether 
the  sun  and  stars,  and  the  whole  heavens,  shall  be  annihilated,  together 
with  the  earth,  at  the  era  of  the  grand  conflagration. 

Woodward,  1695. — Among  the  contemporaries  of  Hooke  and  Ray, 
Woodward,  a  professor  of  medicine,  had  acquired  the  most  extensive 
information  respecting  the  geological  structure  of  the  crust  of  the  earth. 
He  had  examined  many  parts  of  the  British  strata  with  minute  atten- 
tion; and  his  systematic  ooUectibn  of  ;specimens,  bequeathed  to  the 
University  of  Cambridge,  and  stiU  preserved  there  as  arranged  by  him, 
shows  how  far  he  had  advanced  in  ascertaming  the  order  of  superposi- 
tion. From  the  great  number  of  facts  collected  by  him,  we  might  have 
expected  his  theoretical  views  to  be  more  sound  and  enlai^ed  than 
those  of  his  contemporaries ;  but  in  his  anxiety  to  accommodate  all  ob- 
served phenomena  to  the  scriptural  account  of  the  Creation  and  Deluge, 
he  arrived  at  most  erroneous  results.  He  concdved  "  the  whole  terres- 
trial globe  to  have  been  taken  to  pieces  and  dissolved  at  the  flood,  and 
the  sflata  to  have  settled  down  from  this  promiscuous  mass  as  any  earthy 
sediment  from  a  fluid."*  In  corroboration  of  these  views  he  insisted 
upon  the  fact,  that  *'  marine  bodies  are  lodged  in  the  strata  according 
to  the  order  of  thebr  gravity,  the  heavier  shells  in  stone,  the  lighter  m 
chalk,  and  bo  of  the  rest."f  Ray  immediately  exposed  the  unfounded 
nature  of  this  assertion,  remarking  truly  that  fossil  bodies  "  are  often 
mingled,  heavy  with  light,  in  the  same  stratum ;"  and  he  even  went  so 
far  as  to  say,  that  Woodward  "  must  have  invented  the  phenomena  fcnr 
the  sake  of  confirming  his  bold  and  strange  hypothesis"! — a  strong  ex- 
pression from  the  pen  of  a  contemporary. 

Burnet,  1690. — ^At  the  same  time  Burnet  published  his  "Thcoiy  of 
the  £arth."§  The  title  is  most  characteristic  of  the  age, — **  The  Sacred 
Theory  of  the  Earth ;  containing  an  Account  of  the  Original  of  the 
Earth,  and  of  all  the  general  Changes  which  it  hath  already  undergone, 
or  is  to  undergo,  till  the  Consummation  of  all  Thmgs."  Even  Milton 
had  scarcely  ventured  in  his  poem  to  indulge  his  imagination  so  freely 
in  painting  scenes  of  the  Creation  and  Deluge,  Paradise  and  Chaos. 
He  explained  why  the  primeval  earth  enjoyed  a  perpetual  spring  before 
the  flood !  showed  how  the  crust  of  the  globe  was  fissured  by  "  the 
sun's  rays/'  so  that  it  burst,  and  thus  the  diluvial  waters  were  let  loose 
from  a  supposed  central  abyss.  Not  satisfied  with  these  themes,  he 
derived  from  the  books  of  the  inspired  writers,  and  even  from  heathen 
authorities,  prophetic  views  of  the  future  revolutions  of  the  globe,  gave 
a  most  terrific  description  of  the  general  conflagration,  and  proved  that 

*  Esaay  towards  a  Katnral  History  of  the  Earth,  1696.    Frefaoe.        f  ^hid 

t  Consequences  of  the  Deluge,  p.  166. 

3  First  pubUshed  in  Iiatin  between  the  years  1680  and  1690. 
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a  new  heaven  and  a  new  earth  will  rise  out  of  a  ucond  ehaaa^^tsr 
which  will  follow  the  blessed  millennram.     , 

The  reader  should  be  infonned,  ihat»  according  to  the  opinion  of  many 
respectable  writers  of  that  age,  there  was  good  scriptural  ground  for 
presuming  that  the  garden  bestowed  upon  our  first  parents  was  not  on 
the  earth  itself,  but  above  the  clouds,  in  the  middle  region  between  our 
planet  and  the  moon.  Burnet  i^yproaches  with  becoming  gravity  the 
discusaon  of  so  important  a  topic.  He  was  willing  to  concede  that  the 
geographical  poaition  of  Paradise  was  not  in  Mesopotamia,  yet  he  main- 
tained that  it  was  upon  the  earth,  and  in  the  southeni  hemisphere,  near  the 
equinoctial  line.  Butler  selected  this  conceit  aa  a  fair  markior  bis  satire^ 
when,  amongst  the  numerous  accomplishments  of  Hudibras,  he  says, — 

**He  knew  the  seat  of  Pandise, 
Cciild  tell  in  what  degree  it  lies; 
And,  as  be  was  disposed,  could  prove  it 
Below  the  moon,  or  else  above  it" 

Yet  the  same  monarch,  who  is  said  never  to  have  slept  without  Butler's 
poem  under  his  pillow,  was  so  great  an  admirer  and  patron  of  Burnet's 
book,  that  he  ordered  it  to  be  translated  from  the  Latin  into  English. 
The  style  of  the  "Sacred  Theory"  was  eloquent,  and  the  book  dis- 
played powers  of  invention  of  no  ordinary  stamp.  It  was,  in  fact,  a 
fine  historical  romance,  as  Bu£fon  afterwards  declared;  but  it  was 
treated  as  a  work  of  profound  science  in  the  tune  of  its  author,  and  was 
panegyrized  by  Addison  in  a  Latin  ode,  while  Steele  praised  it  in  the 
"Spectator." 

WhisUm,  1606. — Another  production  of  the  same  school,  and  equally 
characteristic  of  the  time,  was  that  of  Whiston,  entitled,  "A  New 
Theory  of  the  Earth ;  wherein  the  Creation  of  the  world  in  Six  Days, 
the  Universal  Deluge,  and  the  Oeneral  Conflagration,  as  laid  down  in 
the  Holy  Scriptures,  are  shown  to  be  perfectly  agreeable  to  Reason  and 
Philosophy."  He  was  at  first  a  follower  of  Burnet ;  but  his  faith  in 
the  infallibility  of  that  writer  was  shaken  by  the  declared  opinion  of 
Newton,  that*  there  was  every  presumption  in  astronomy  against  any 
former  change  m  the  inclination  of  the  earth's  axis.  This  was  a  leading 
dogma  in  Burnet's  system,  though  not  original,  for  it  was  borrowed 
from  an  Italian,  Alessandro  degli  Alessandri,  who  had  suggested  it  in 
the  beginning  of  the  fifteenth  century,  to  account  for  the  former  occu- 
pation of  the  present  continents  by  the  sea.  La  Place  has  since  strength* 
ened  the  arguments  of  Newton,  against  the  probability  of  any  former 
revolution  of  this  kind. 

The  remarkable  comet  of  1680  was  fresh  in  the  memory  of  every 
one  when  Whiston  first  began  his  cosmological  studies ;  and  the  princi- 
pal novelty  of  his  speculations  consisted  in  attributing  the  deluge  to  the 
near  approach  to  the  earth  of  one  of  these  erratic  bodies.  Having 
ascribed  an  increase  of  the  watera  to  this  source,  he  adopted  Wood- 
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mard's  theory,  supposing  all  stratified  deposits  to  hare  resulted  from 
the  "  chaotic  sediment  of  the  flood."  Whiston  was  one  of  the  first  who 
Tortured  to  propose  that  the  text  of  Genesis  should  be  interpreted  dif- 
ferently from  its  ordinary  acceptation,  so  that  the  doctrine  of  the  earth 
haying  existed  long  previous  to  the  creation  of  man  might  no  longer  be 
regarded  as  unorthodox.  He  had  the  art  to  throw  an  air  of  plausibility 
oyer  the  most  improbable  parts  of  his  theory,  and  seemed  to  be  pro- 
ceeding in  the  most  sober  manner,  and,  by  the  aid  of  mathematical  de- 
monstration, to  the  establishment  of  his  various  propositions.  Locko 
pronounced  a  panegyric  on  his  theory,  commending  him  for  having  ex- 
plained so  many  wonderful  and  before  inexplicable  things.  His  book, 
as  well  as  Burnet's,  was  attacked  and  refuted  by  Keill.  *  Like  all  who 
introduced  purely  hypothetical  causes  to  account  for  natural  phenom- 
ena, Whiston  retarded  the  progress  of  truth,  diverting  men  from  the 
investigation  of  the  laws  of  sublunary  nature,  and  inducing  them  to 
waste  time  in  speculations  on  the  power  of  comets  to  d^  the  waters 
of  the  ocean  over  the  land— on  the  condensation  of  the  vapors  of  their 
tails  into  water,  and  other  matters  equally  edifying. 

HutcMnstmj  1724. — John  Hutchinson,  who  had  been  employed  by 
Woodward  in  making  his  collection  of  fossils,  published  afterwards,  in 
1724,  the  first  part  of  his  "  Moses's  Principia,"  wherein  he  ridiculed 
Woodward's  hypothesis.  He  and  his  numerous  followers  were  accus- 
tomed to  declaim  kmdly  against  human  learning ;  and  they  maintained 
that  the  Hebrew  Scriptures,  when  rightly  translated,  comprised  a  per- 
fect system  of  natural  philosophy,  for  which  reason  they  objected  to  the 
Newtonian  theory  of  gravitation. 

Celsius. — ^Andrea  Celsius,  the  Swedish  astronomer,  published  about 
this  time  his  remarks  on  the  gradual  diminution  and  sinking  of  the 
waters  in  the  Baltic,  to  which  I  shall  have  occasion  to  advert  more  par* 
licularly  in  the  sequel  (ch.  29). 

Scheuehzer^  1708. — In  Germany,  in  the  mean  time,  Scheuchzer  pub- 
lished his  "  Complaint  and  Vindication  of  the  Fishes  "  (1708),  *'  Pisoium 
Querelas  et  Yindiciee,"  a  work  of  zoological  merit,  in  which  he  gave 
some  good  plates  and  descriptions  of  fossil  fish.  Among  other  conclu- 
sions he  labored  to  prove  that  the  earth  had  been  remodelled  at  the 
deluge.  Pluche,  also,  in  1732,  wrote  to  the  same  effect;  while  Hol- 
bach,  in  1753,  after  considering  the  various  attempts  to  refer  all  the  an- 
cient formations  to  the  flood  of  Noah,  exposed  the  inadequacy  of  this 
cause. 

Italian  OeoloffisU — Vallimeri. — ^I  return  with  pleasure  to  the  geol- 
ogists of  Italy,  who  preceded,  as  has  been  already  shown,  the  natural- 
ists of  other  countries  in  their  investigations  into  the  ancient  history  of 
the  earth,  and  who  still  maintained  a  decided  pre-eminence.  They  re- 
futed and  ridiculed  the  physico-theological  systems  of  Burnet,  Whiston, 

*  An  FiXamination  of  Dr.  Bnniet's  ISieory,  ^  2d  ed.  1784. 
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and  Woodward  ;*  while  Yallisneri,f  in  hb  comments  on  the  Woodwaid- 
ian  theory,  remarked  how  much  the  interests  of  religion,  as  well  as  those 
of  sound  philosophy,  had  suffered  hy  perpetually  mixing  up  the  sacred 
writings  with  questions  in  physical  science.  The  works  of  this  author 
were  rich  in  original  observations.  He  attempted  the  first  general 
sketch  of  the  marine  deposits  of  Italy,  their  geographical  extent,  and 
most  characteristic  organic  remains.  In  his  treatise  **  On  the  Origin  of 
Springs,''  he  explained  their  dependence  on  the  order,  and  often  on  the 
dislocations,  of  the  strata,  and  reasoned  philosophically  against  the 
opinions  of  those  who  regarded  the  disordered  state  of  the  earth's  crust 
as  exhibiting  signs  of  the  wrath  of  God  for  the  sins  of  man.  He  found 
himself  under  the  necessity  of  contending,  in  his  preliminary  chapter, 
agiunst  St.  Jerome,  and  four  other  principal  interpreters  of  Scripture, 
besides  several  professors  of  divinity,  **'  that  springs  did  not  flow  by  sub- 
terranean siphons  and  cavities  from  the  sea  upwards,  losing  their  salt- 
ness  in  the  passage,"  for  this  theory  had  been  made  to  rest  on  the  in- 
fallible testimony  of  Holy  Writ. 

Although  reluctant  to  generaUze  on  the  rich  materials  accumulated 
in  his  travels,  Vallisneri  had  been  so  much  struck  with  the  remarkable 
continuity  of  the  more  recent  marine  strata,  from  one  end  of  Italy  to  the 
other,  that  he  came  to  the  conclusion  that  the  ocean  formerly  extended 
over  the  whole  earth,  and  after  abiding  there  for  a  long  time,  had  grad- 
ually subsided.  This  opinion,  however  untenable,  was  a  great  step  be- 
yond Woodward's  diluvian  hypothesis,  against  which  Vallisneri,  and 
after  him  all  the  Tuscan  geologists,  uniformly  contended,  while  it  was 
warmly  supported  by  the  members  of  the  Institute  of  Bologna.]; 

Among  others  of  that  day,  Spada,  a  priest  of  Grezzana,  in  1737, 
wrote  to  prove  that  the  petrified  marine  bodies  near  Verona  were  not 
diluvian.§  Mattani  drew  a  shnilar  inference  from  the  shells  of  Volterra 
and  other  places ;  while  Costantini,  on  the  other  hand,  whose  observa- 
tions on  the  valley  of  the  Brenta  and  other  districts  were  not  without 
value,  undertook  to  vindicate  the  truth  of  the  deluge,  as  also  to  prove 
that  Italy  had  been  peopled  by  the  descendants  of  Japhet) 

Maro,  1740. — ^Lazzaro  Moro,  in  his  work  (published  in  1740)  **  On  the 
Marine  Bodies  which  are  found  in  the  Mountains,"^  attempted  to  ap- 
ply the  theory  of  earthquakes,  as  expounded  by  Strabo,  Pliny,  and 
other  ancient  authors,  with  whom  he  was  familiar,  to  the  geological 
phenomena  described  by  Vallisneri.**     His  attention  was  awakened  to 

*  Ramazzini  even  anerted,  that  the  ideas  of  Bamet  were  mainly  borrowed 
from  a  dialogue  of  one  Patrizio;  but  Brocchi,  after  reading  that  dialogue,  aasiirea 
U8  that  there  was  scarcely  any  other  correspondence  between  these  systems^  ex 
cept  that  both  were  equally  whimsical 

j  Dei  Corpi  Marini,  Leitere  critiche,  Ac  1721. 

i  Broechi,  p.  2S.  §  Ibid  p.  88.  |  Ibid. 

1  Sui  Crostacei  ed  altri  Corpi  Marini  che  si  trovano  sui  Monti 
^  **  Moro  does  not  cite  the  works  of  Hooke  and  Rav ;  and  although  so  many  of 
his  views  were  in  aooordanoe  with  theirs^  be  was  probably  ignorant  of  their  wri- 
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the  elevating  power  of  subterranean  forces  by  a  remarkable  phenomenon 
which  happened  in  his  own  time,  and  which  had  also  been  noticed  by 
Vallisneri  in  his  letters.  A  new  island  rose  in  1707  from  deep  water  in 
the  Galf  of  Santorin,  in  the  Mediterranean,  during  continued  shocks  of 
an  earthquake,  and,  increasing  rapidly  in  size,  grew  in  less  than  a  month 
to  be  half  a  mile  in  circumference,  and  about  twenty-five  feet  above 
high-water  mark.  It  was  soon  afterwards  covered  by  volcanic  ejections, 
but,  when  first  examined,  it  was  found  to  be  a  white  rock,  bearing  on 
Its  surface  living  oysters  and  Crustacea.  In  order  to  ridicule  the  vari- 
ous theories  then  in  vogue,  Moro  ingeniously  supposes  the  arrival  on 
this  new  island  of  a  party  of  naturalists  ignorant  of  its  recent  origin. 
One  immediately  points  to  the  marine  shells,  as  proofs  of  the  universal 
deluge ;  another  argues  that  they  demonstrate  the  former  residence  of 
the  sea  upon  the  mountains ;  a  third  dismisses  them  as  mere  sports  of 
nature;  while  a  fourth  affirms  that  they  were  bom  and  nourished 
within  the  rock  in  ancient  caverns,  into  which  salt  w^ter  had  been  raised 
in  the  shape  of  vapor  by  the  action  of  subterranean  heat. 

Moro  pointed  with  great  judgment  to  the  faults  and  dislocations  of 
the  strata  described  by  Yallisneri,  in  the  Alps  and  other  chains,  in  con- 
firmation of  his  doctrine,  that  the  continents  had  been  heaved  up  by 
subterranean  movements.  He  objected,  on  solid  grounds,  to  the  hy- 
pothesis of  Burnet  and  of  Woodward ;  yet  he  ventured  so  far  to  disregard 
the  protest  of  Vallisneri,  as  to  undertake  the  adaptation  of  every  part  of 
his  own  system  to  the  Mosdc  account  of  the  creation.  On  the  third 
day,  he  said,  the  globe  was  everywhere  covered  to  the  same  depth  by 
fresh  water ;  and  when  it  pleased  the  Supreme  Being  that  the  dry  land 
should  appear,  volcanic  explosions  broke  up  the  smooth  and  regular 
surface  of  the  earth  composed  of  primary  rocks.  These  rose  in  moun- 
tain masses  above  the  waves,  and  allowed  melted  metals  and  salts  to 
ascend  through  fissures.  The  sea  gradually  acquired  its  saltness  from 
volcanic  exhalations,  and,  while  it  became  more  circumscribed  in  area, 
increased  in  depth.  Sand  and  ashes  ejected  by  volcanoes  were  regu- 
larly disposed  along  the  bottom  of  the  ocean,  and  formed  the  secondary 
strata,  which  in  their  turn  were  lifted  up  by  earthquakes.  We  need 
not  follow  this  author  in  tracing  the  progress  of  the  creation  of  vegeta- 
bles and  animals  on  the  other  days  of  creation ;  but,  upon  the  whole,  it 
may  be  remarked,  that  few  of  the  old  cosmological  theories  had  been 
conceived  with  so  little  violation  of  known  analogies. 

Generelirs  illustrations  of  MorOy  1749. — ^The  style  of  Moro  was  ex- 
tremely prolix,  and,  like  Hutton,  who,  at  a  later  period,  advanced  many 
of  the  same  views,  he  stood  in  need  of  an  illustrator.  The  Scotch  geol- 
ogist was  hardly  more  fortunate  in  the  advocacy  of  Playfair,  than  was 
Moro  in  numbing  amongst  bis  admirers  CirUlo  Generelli,  who,  nine 

tings,  for  they  had  not  been  translated.  As  he  always  refers  to  the  Latin  editioa 
of  Barnet,  and  a  French  translatioa  of  Woodward  we  may  presume  that  he  did 
not  read  Knglish. 
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years  afterwards,  delivered  at  a  sitting  of  Academicians  at  Cremona  a 
spirited  exposition  of  his  theory.  This  learned  Carmelitan  friar  does  not 
pretend  to  have  been  an  original  observer,  but  he  had  studied  sufficiently 
to  enable  him  to  confirm  the  opinions  of  Moro  by  arguments  from  other 
writers ;  and  his  selection  of  the  doctrines  then  best  established  is  so 
judicious,  that  a  brief  abstract  of  them  cannot  fail  to  be  acceptable,  as 
illustrating  the  state  of  geology  in  Europe,  and  in  Italy  in  particular, 
before  the  middle  of  the  last  century. 

The  bowels  of  the  earth,  says  he,  have  carefully  preserved  the  memo- 
rials of  past  events,  and  this  truth  the  marine  productions  so  frequent 
in  the  hills  attest  From  the  reflections  of  Lazzaro  Moro,  we  may  as- 
sure ourselves  that  these  are  the  effects  of  earthquakes  in  past  times, 
which  have  changed  vast  spaces  of  sea  into  terra  firma,  and  inhabited 
lands  into  seas.  In  this,  more  than  in  any  other  department  of  physics, 
are  observations  and  experiments  indispensable,  and  we  must  diligently 
consider  facts.  The  land  is  known,  wherever  we  make  excavations,  to 
be  composed  of  different  strata  or  soils  placed  one  above  the  other,  some 
of  sand,  some  of  rock,  some  of  chalk,  others  of  marl,  coal,  pummice, 
gypsum,  lime,  and  the  rest.  These  ingredients  are  sometimes  pure,  and 
sometimes  confusedly  intermixed.  Within  are  often  imprisoned  differ- 
ent marine  fishes,  like  dried  mummies,  and  more  frequently  shells,  Crus- 
tacea, corals,  plants,  <&c.,  not  only  in  Italy,  but  in  France,  Germany, 
England,  Africa,  Asia,  and  America ; — sometimes  in  the  lowest,  some- 
times in  the  loftiest  beds  ^f  the  earth,  some  upon  the  mountains,  some 
in  deep  mines,  others  near  the  sea,  and  others  hundreds  of  miles  distant 
from  it.  Woodward  conjectured  that  these  marine  bodies  might  be 
found  everywhere ;  but  there  are  rocks  in  which  none  of  them  occur, 
as  is  sufficiently  attested  by  Yallisneri  and  MarsilU.  The  remsuns  of 
fossil  animals  consist  chiefly  of  their  more  solid  parts,  and  the  most 
rocky  strata  must  have  been  soft  when  such  exuviae  were  inclosed  in 
them.  Vegetable  productions  are  found  in  different  states  of  maturity, 
indicating  that  they  were  imbedded  in  different  seasons.  Elephants, 
elks,  and  other  terrestrial  quadrupeds,  have  been  found  in  England  and 
elsewhere,  in  superficial  strata,  never  covered  by  the  sea.  Alternations 
are  rare,  yet  not  without  example,  of  marine  strata,  with  those  which 
contam  marshy  and  terrestrial  productions.  Marine  animals  are  ar- 
ranged in  the  subterraneous  beds  with  admirable  order,  in  distinct 
groups,  oysters  here,  dentalia  or  corals  there,  <fec.,  as  now,  according  to 
Marsilli,*  on  th^  shores  of  the  Adriatic.  We  must  abandon  the  doc* 
trine,  once  so  popular,  which  denies  that  organized  fossils  were  derived 
from  living  beings,  and  we  cannot  account  for  their  present  position  by 
the  ancient  theory  of  Strabo,  nor  by  that  of  Leibnitz,  nor  by  the  uni- 
versal deluge,  as  explained  by  Woodward  anil  others ;  **  nor  is  it  rea- 
sonable to  call  the  Deity  capriciously  upon  the  stage,  and  to  make  him 
work  miracles  for  the  sake  of  confirming  our  preconceived  hypothesis.'' 

*  Saggio  firico  intomo  alia  Storia  del  Mare,  part  I  p.  24. 
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—  I  hold  in  utter  abomination,  most  learned  Academicians!  tLose 
8J8.  sms  which  are  built  with  their  foundations  in  the  air,  and  cannot  be 
pro^  ^ed  up  without  a  miracle ;  and  I  undertake,  with  the  assistance  of 
Moid,  to  expMn  to  you  how  these  marine  animals  were  transported 
into  the  mountams  hj  natural  causes."* 

A  brief  abstract  then  follows  of  Moro's  theoiy,  by  which,  says  Oene- 
relli,  we  may  explain  all  the  phenomena,  as  Yalllsneri  so  ardently  de- 
sired, "without  violence,  withovt  Jieti<m8,  without  hypothesis,  without 
m«rac/e9."f  The  Carmelitan  then  proceeds  to  struggle  against  an  obvi- 
ous objection  to  Moro's  system,  considered  as  a  method  of  explaining 
the  revolutions  of  the  earth,  naturally.  If  earthquakes  have  been  the 
agents  of  such  mighty  changes,  how  does  it  happen  that  their  effects 
since  the  times  of  history  have  been  so  inconsiderable  ?  This  same  dif- 
culty  had,  as  we  have  seen,  presented  itself  to  Hooke,  half  a  century 
before,  and  forced  him  to  resort  to  a  former  "  crisis  of  nature :"  but 
Generelli  defended  his  position  by  showing  how  numerous  were  the 
accounts  of  eruptions  and  earthquakes,  of  new  islands,  and  of  eleva- 
tions and  subsidences  of  land,  and  yet  how  much  greater  a  number  of 
like  events  must  have  been  unattested  and  unrecorded  during  the  last 
six  thousand  years.  He  also  appealed  to  Yallisnen  as  an  authority  to 
prove  that  the  mineral  masses  containing  shells,  bore,  upon  the  whole, 
but  a  small  proportion  to  those  rocks  which  were  destitute  of  organic 
remains ;  and  the  latter,  says  the  learned  monk,  might  have  been  created 
as  they  now  exist,  tn  the  beginning. 

Generelli  then  describes  the  continual  waste  of  mountains  and  conti- 
nents, by  the  action  of  rivers  and  torrents,  and  concludes  with  these 
eloquent  and  original  observations: — "Is  it  possible  that  this  waste 
should  have  continued  for  six  thousand,  and  perhaps  a  greater  number 
of  years,  and  that  the  mountfuns  should  remain  so  great,  unless  their 
ruins  have  been  repaired  ?  Is  it  credible  that  the  Author  of  Nature 
should  have  founded  the  world  upon  such  laws,  as  that  the  dry  land 
should  forever  be  growing  smaller,  and  at  last  become  wholly  sub- 
merged beneath  the  waters  ?  Is  it  credible  that,  amid  so  many  created 
things,  the  mountains  alone  should  daily  diminish  in  number  and  bulk, 
without  there  being  any  repair  of  their  losses  ?  This  would  be  contrary 
to  that  order  of  Providence  which  is  seen  to  reign  in  all  other  things  in 
the  universe.  Wherefore  I  deem  it  just  to  conclude,  that  the  same 
cause  which,  in  the  beginning  of  time,  raised  mountains  from  the  abyss, 
has  down  to  the  present  day  continued  to  produce  others,  in  order  to 
restore  from  time  to  time  the  losses  of  all  such  as  sink  down  in  different 
places,  or  are  rent  asunder,  or  in  other  way  suffer  disintegration.  If 
this  be  admitted,  we  can  easily  understand  why  there  should  now  be 

*  **  Abbomino  al  aommo  qaalsivoglia  ristema,  ehe  sia  di  pianta  fabbricato  in 
aria ;  massime  qoando  h  tale,  che  non  poasa  sosteneni  senza  an  miraooW  Ac — 
De'  Croetacei  e  di  altre  Produz.  del  Mare,  <&c.  1749. 

f  "  Senza  violenze,  senza  finzioni,  senza  supposti,  senza  miraoolL**  De*  Crottaoei 
e  di  altre  Produz.  del  Mare,  Ac.  1749. 
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found  upon  many  mountains  so  great  a  number  of  Crustacea  and  other 
marine  animals." 

In  the  above  extract,  I  have  not  merely  enumerated  the  opinions  and 
facts  which  are  confirmed  by  recent  obsenratioui  suppressing  all  that 
has  since  proved  to  be  erroneous,  but  have  given  a  faithful  abridgment 
of  the  entire  treatise,  with  the  omission  only  of  Moro's  hypothesis,  which 
Generelli  adopted,  with  all  its  faults  and  excellences.  The  leader  will 
therefore  remark,  that  although  this  admirable  essay  embraces  so  laige 
a  portion  of  the  principal  objects  of  geological  research,  it  makes  no 
allusion  to  the  extinction  of  certain  classes  of  animals  ;  and  it  is  evident 
that  no  opinions  on  this  head  had,  at  that  time,  gained  a  firm  footing  in 
Italy.  That  Lbter  and  other  English  naturalists  should  long  before 
have  declared  in  favor  of  the  loss  of  species,  while  Scilla  and  most  of 
his  countrymen  hesitated,  was  perhaps  natural,  since  the  Italian  muse- 
ums were  filled  with  fossil  shells  belonging  to  species  of  which  a  great 
portion  did  actually  exist  in  the  Mediterranean ;  whereas  the  English 
collectors  could  obtain  no  recent  species  from  such  of  their  own  strata 
as  were  then  explored. 

The  weakest  point  in  Moro's  system  consisted  in  deriving  all  the  strat- 
ified rocks  from  volcanic  ejections ;  an  absurdity  which  his  opponents 
took  care  to  expose,  especially  Vito  Amici.*  Moro  seems  to  have  been 
misled  by  his  anxious  desire  to  represent  the  formation  of  secondary 
rocks  as  having  occupied  an  extremely  short  period,  while  at  the  same 
time  he  wished  to  employ  known  agents  in  nature.  To  imagine  tor- 
rents, rivers,  currents,  partial  floods,  and  all  the  operations  of  moving 
water,  to  have  gone  on  exerting  an  energy  many  thousand  times  greater 
than  at  present,  would  have  appeared  preposterous  and  incredible,  and 
would  have  required  a  hundred  violent  hypotheses;  but  we  are  so  unac- 
quainted with  the  true  sources  of  subterranean  disturbances,  that  their 
former  violence  may  in  theory  be  multiplied  indefinitely,  without  its 
being  possible  to  prove  the  same  manifest  contradiction  or  absurdity  in 
the  conjecture.  For  this  reason,  perhaps,  Moro  preferred  to  derive  the 
materials  of  the  strata  from  volcanic  ejections,  rather  than  from  trans- 
portation by  running  water. 

Marsilli. — Marsilli,  whose  work  is  alluded  to  by  Generelli,  had  been 
prompted  to  institute  inquiries  into  the  bed  of  the  Adriatic,  by  discov- 
ering, in  the  territory  of  Parma  (what  Spada  had  observed  near  Verona, 
and  Schiavo  in  Sicily),  that  fossil  shells  were  not  scattered  through  the 
rocks  at  random,  but  disposed  in  regular  order,  according  to  certain 
genera  and  species. 

Vitaliano  Donatio  1750. — But  with  a  view  of  throwing  further  light 
upon  these  questions,  Donati,  in  1750,  undertook  a  more  extensive  inves- 
tigation of  the  Adriatic,  and  discovered,  by  numerous  soundings,  that  de- 
posits of  sand,  marl,  and  tufaceous  incrustations,  most  strictly  analogous 
to  those  of  the  Subapennine  hills,  were  in  the  act  of  accumulating  there. 

*  Siu  Testacei  della  SiciUa. 
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He  ascertained  that  there  were  no  shells  in  some  of  the  submarine 
tracts,  while  in  other  places  thej  li^ed  together  in  families,  particularly 
the  genera  Area,  Pecten,  Venus,  Murez,  and  some  others.  He  also 
states  that  in  divers  localities  he  found  a  mass  composed  of  corals, 
shells,  and  crustaceous  bodies  of  different  species,  confusedly  blended 
with  earth,  sand,  and  grayel.  At  the  depth  of  a  foot  or  more,  the 
organic  substances  were  entirely  petrified  and  reduced  to  marble ;  at 
less  than  a  foot  from  the  surface,  they  approached  nearer  to  their  natu- 
ral state ;  while  at  the  surface  they  were  aliye.  or,  if  dead,  in  a  good 
state  of  preservation. 

JBaldasmri. — ^A  contemporary  naturalist,  Baldassaii,  had  shown  that 
the  organic  remains  in  the  tertiary  marls  of  the  Siennese  territory  were 
grouped  in  £unilies,  in  a  manner  precisely  similar  to  that  above  alluded 
to  by  Donati. 

Buffon,  1749. — ^Buffon  first  made  known  his  theoretical  vkws  con- 
cerning the  former  changes  of  the  earth,  in  his  Natural  History,  pub- 
lished in  1749.  He  adopted  the  theory  of  an  original  volcanic  nucleus, 
together  with  the  universal  ocean  of  Leibnitz.  By  this  aqueous  envel- 
ope the  highest  mountains  were  once  covered.  Marine  currents  then 
acted  violently,  and  formed  horizontal  strata,  by  washing  away  solid 
matter  in  some  parts,  and  depositing  it  in  others;  they  also  excavated 
deep  submarine  valleys.  The  level  of  the  ocean  was  then  depressed  by 
the  entrance  of  a  part  of  its  waters  into  subterranean  caverns,  and  thus 
some  land  was  left  dry.  Buffon  seems  not  to  have  profited,  like  Leib- 
nitz and  Moro,  by  the  observations  of  Steno,  or  he  could  not  have  ima- 
gined that  the  strata  were  generally  horizontal,  and  that  those  which 
contain  oi^anic  remains  had  never  been  disturbed  since  the  era  of  their 
formation.  He  was  conscious  of  the  great  power  annually  exerted  by 
rivers  and  marine  currents  in  transporting  earthy  materials  to  lower 
levels,  and  he  even  contemplated  the  period  when  they  would  destroy 
all  the  present  continents.  Although  in  geology  he  was  not  an  original 
observer,  his  genius  enabled  him  to  render  his  hypothesis  attractive ; 
and  by  the  eloquence  of  his  style,  and  the  boldness  of  his  speculations, 
he  awakened  curiosity,  and  provoked  a  spirit  of  inquiry  amongst  his 
countrymen. 

Soon  after  the  publication  of  his  "  Natural  History,"  in  which  was 
included  his  "Theory  of  the  Earth,"  he  received  an  official  letter  (dated 
January,  1751)  from  the  Sorbonne,  or  Faculty  of  Theology  in  Paris, 
informing  him  that  fourteen  propositions  in  his  works  *'  were  reprehen- 
sible, and  contrary  to  the  creed  of  the  church."  The  first  of  these  ob- 
noxious passages,  and  the  only  one  relating  to  geology,  was  as  follows : — 
"  The  waters  of  the  sea  have  produced  Jbe  mounUuns  and  valleys  of  the 
land — ^the  waters  of  the  heavens,  reducing  all  to  a  level,  will  at  last  de- 
liver the  whole  land  over  to  the  sea,  and  the  sea  succesuvely  prevuling 
over  the  land,  will  leave  dry  new  continents  like  those  which  we  in- 
habit." Buffon  was  invited  by  the  College,  in  very  courteous  terms,  to 
send  in  an  explanation,  or  rather  a  recantation  of  his  unorthodox  opin- 
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ions.  To  this  he  submitted ;  and  a  general  assembly  of  the  Faculty 
having  approved  of  his  "  Declaration/*  he  was  required  to  publish  it  in 
his  next  work.  The  document  begins  with  these  words : — "  I  declare 
that  I  had  no  intention  to  contradict  the  text  of  Scripture ;  that  I  be- 
lieve most  firmly  all  therein  related  about  the  creation,  both  as  to  order 
of  lime  and  matter  of  fact ;  and  /  abandon  every  thing  in  my  book  re- 
specting the  foundation  of  the  earth,  and,  generally,  all  which  may  be 
contrary  to  the  narration  of  Moses.''* 

The  grand  principle  which  Buffon  was  called  upon  to  renounce  was 
simply  this, — ^that  Uie  present  mountains  and  valleys  of  the  earth  are 
due  to  secondary  causes,  and  that  the  same  causes  will  in  time  destroy 
all  the  continents,  hills,  and  valleys,  and  reproduce  others  like  them/' 
Now,  whatever  may  be  the  defects  of  nuiny  of  his  views,  it  is  no  longer 
controverted  that  the  present  continents  are  of  secondary  origin.  The 
doctrine  is  as  firmly  established  as  the  earth's  rotation  on  its  axis ;  and 
that  the  land  now  elevated  above  the  level  of  the  sea  will  not  endure 
forever,  is  an  opinion  which  gains  ground  daily,  in  proportion  as  wo 
enlarge  our  experience  of  the  changes  now  in  progress. 

Targioni,  1751. — ^Targioni,  in  his  voluminous  "Travels  in  Tuscany, 
1751  and  1754,"  labored  to  fill  up  the  sketch  of  the  geology  of  that 
region  left  by  Steno  sixty  years  before.  Notwithstanding  a  want  of 
arrangement  and  condensation  in  his  memoirs,  they  contained  a  rich 
store  of  faithful  observations.  He  has  not  indulged  in  many  general 
views,  but  in  regard  to  the  origin  of  vaUeys,  he  was  opposed  to  the 
theory  of  Buffon,  who  attributed  them  principally  to  submarine  currents. 
The  Tuscan  naturalist  labored  to  show  that  both  the  lai^er  and  smaller 
valleys  of  the  Apennines  were  excavated  by  rivers  and  floods,  caused 
by  the  bursting  of  the  barriers  of  lakes,  after  the  retreat  of  the  ocean. 
He  also  maintained  that  the  elephants  and  other  quadrupeds,  so  fre- 
quent in  the  lacustrine  and  alluvial  deposits  of  Italy,  had  inhabited  that 
peninsula ;  and  had  not  been  transported  thither,  as  some  had  conceived, 
by  Hannibal  or  the  Romans,  nor  by  what  they  were  pleased  to  term 
"  a  catastrophe  of  nature." 

Lehman,  1756. — In  the  year  1756  the  treatise  of  Lehman,  a  G-erman 
mineralogist,  and  director  of  the  Prussian  mines,  appeared,  who  also 
divided  mount^s  into  three  classes :  the  first,  those  formed  with  the 
world,  and  prior  to  the  creation  of  animals,  and  which  contained  no 
fragments  of  other  rocks  ;  the  second  class,  those  which  resulted  from 
the  partial  destruction  of  the  primary  rocks  by  a  general  revolution ; 
and  a  third  class,  resulting  from  local  revolutions,  and  in  part  from  the 
deluge  of  Noah. 

A  French  translation  of  this  work  appeared  in  1759,  in  the  preface 
of  which,  the  translator  displays  very  enlightened  views  respecting  the 
operations  of  earthquakes,  as  well  as  of  the  aqueous  causes.f 

*  Hist  NEt  torn-  v.  ^d.  de  Tlmp.  Royale,  Paris,  1769. 
\  Essai  d'une  Hist  Nat  des  Couches  de  la  Terre,  1759. 
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Gemer,  1Y58. — ^In  this  year  Gesner,  the  botanist,  of  Zurich,  pub- 
lished an  excellent  treatise  on  petrifactions,  and  the  changes  of  the 
earth  which  they  testify.*  After  a  detailed  enumeration  of  the  various 
classes  of  fossils  of  the  animal  and  vegetable  kingdoms,  and  remarks  on 
the  different  states  in  which  they  are  found  petrified,  he  considers  the 
geological  phenomena  connected  with  them ;  observing,  that  some,  like 
those  of  OSningen,  resembled  the  testacea,  fish,  and  plants  indigenous 
in  the  neighboring  region  ;f  while  some,  such  as  ammonites,  gryphites, 
belemnites,  and  other  shells,  are  either  of  unknown  species,  or  found 
only  in  the  Indian  and  other  distant  seas.  In  order  to  elucidate  the 
structure  of  the  earth,  he  gives  sections,  from  Verenius,  Buffon,  and 
others,  obtained  in  digging  wells  ;  distinguishes  between  horizontal  and 
inclined  strata ;  and,  in  speculating  on  the  causes  of  these  appearances, 
mentions  Donati's  examination  of  the  bed  of  the  Adriatic ;  the  filling 
up  of  lakes  and  seas  by  iBediment ;  the  imbedding  of  shells  now  in  pro- 
gress ;  and  many  known  effects  of  earthquakes,  such  as  the  sinking 
down  oi  districts,  or  the  heaving  up  of  the  bed  of  the  sea,  so  as  to  form 
new  islands,  and  lay  dry  strata  containing  petrifactions.  The  ocean,  he 
says,  deserts  its  shores  in  many  countries,  as  on  the  borders  of  the 
Baltic ;  but  the  rate  of  recession  has  been  so  slow  in  the  last  2000 
years,  that  to  allow  the  Apennines,  whose  summits  are  filled  with  marine 
shells,  to  emerge  to  their  present  height,  would  have  required  about 
80,000  years, — a  lapse  of  time  ten  times  greater,  or  more,  than  the  age 
of  the  universe.  We  must  therefore  refer  the  phenomenon  to  the  com- 
mand of  the  Deity,  related  by  Moses,  that  "the  waters  should  be 
gathered  together  in  one  place,  and  the  dry  land  appear."  Gesner 
adopted  the  views  of  Leibnitz,  to  account  for  the  retreat  of  the  primeval 
ocean :  his  essay  displays  much  erudition ;  and  the  opinions  of  preced- 
ing writers  of  Italy,  Germany,  and  England,  are  commented  upon  with 
fairness  and  discrimination. 

Arduino,  1759. — In  the  year  following,  Arduino,;^  in  his  memoirs  on 
the  mountains  of  Padua,  Yicenza,  and  Verona,  deduced,  from  original 
observations,  the  distinction  of  rocks  into  primary,  secondary,  and  ter- 
tiary, and  showed  that  in  those  districts  there  had  been  a  succession  of 
submarine  volcanic  eruptions. 

Michell,  1760.— In  the  following  year  (1760)  the  Rev.  John  Michell, 
Woodwardian  Professor  of  Mineralogy  at  Cambridge,  published  in  the 
Philosophical  Transactions,  an  Essay  on  the  Cause  and  Phenomena  of 
Earthquakes.§     His  attention  had  been  drawn  to  this  subject  by  the 

*  John  Gesner  pabliahed  at  Leyden,  in  Latin.  f  Part  il  chap.  9. 

i  Giomale  del  OriBelioi,  1759. 

I  See  a  sketch  of  the  History  of  English  Geology,  by  Dr.  Fitton,  in  Edmh.  Rev^ 
Feb.  1818,  re-edited  Load,  and  Edinb.  Phil  Mag.  vols.  L  and  ii  1832-3.  Some  of 
Michell'B  observations  anticipate  in  so  remarkable  a  manner  the  theories  established 
forty  years  aftervards,  that  his  writings  would  probably  have  formed  an  era  in 
the  science,  if  his  researches  had  been  uninternipted.  £fe  held,  however,  his  pro- 
fessorship only  eight  years,  when  his  career  was  suddenly  cut  short  by  preferment 
to  a  benefice.    From  that  time  he  appears  to  have  been  engagod  m  his  clerical 
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great  earthquake  of  Lubon  in  l7o5.  He  advanced  manj  original  and 
philosophioid  views  respecting  the  propagation  of  subterranean  move- 
ments, and  the  caverns  and  fissures  wherein  steam  might  be  generated. 
In  order  to  point  out  the  application  of  his  theory  to  the  structure  of 
the  globe,  he  was  led  to  describe  the  arrangement  and  disturbance  of 
the  strata,  th^ir  usual  horizontality  in  low  countries,  and  their  contortions 
and  fractured  state  in  the  neighborhood  of  mountain  chains.  He  also  ex- 
plained, with  surprising  accuracy,  the  relations  of  the  central  ridges  of 
older  rocks  to  the  "  long  narrow  slips  of  similar  earth,  stones,  and  miner- 
als," which  are  parallel  to  these  ridges.  In  his  generahzations,  derivM 
in  great  part  from  his  own  observations  on  the  geological  structure  of 
Yorkshire,  he  anticipated  many  of  the  vievrs  more  fully  developed  by 
later  naturalists. 

Catcott,  1761. — Michell's  papers  were  entirely  free  from  all  physico- 
theological  disquisitions,  but  some  of  his  contemporaries  were  still  ear- 
nesUy  engaged  in  defending  or  impugning  the  Woodwardian  hypothesis. 
We  find  many  of  these  writings  referred  to  by  Catcott,  a  Hutchinsonian, 
who  published  a  '*  Treatise  on  the  Deluge"  in  1761.  He  labored  par- 
ticularly to  refute  an  explanation  offered  by  his  contemporary,  Bi^op 
Clayton,  of  the  Mosaic  writings.  That  prelate  had  declared  that  the 
deluge  '*  could  not  be  literally  true,  save  in  respect  to  that  part  where 
Noah  lived  before  the  flood."  Catcott  insisted  on  the  universality  of 
the  deluge,  and  referred  to  traditions  of  inundations  mentioned  by  an^ 
cient  writers,  or  by  travellers,  in  the  East  Indies,  China,  South  America, 
and  other  countries.  This  part  of  his  book  is  valuable,  although  it  is 
not  easy  to  see  what  bearing  the  traditions  have,  if  admitted  to  be  au- 
thentic, on  the  B'lshop's  argument,  since  no  evidence  is  adduced  to  prove 
that  the  catastrophes  were  contemporaneous  events,  while  some  of  them 
are  expressly  represented  by  ancient  authors  to  have  occurred  in  suc- 
cession. 

Forti9 — Odoardi,  1761. — The  doctrines  of  Arduino,  above  adverted 
to,  were  afterwards  confirmed  by  Fortis  and  Desmarest,  in  their  travels 
in  the  same  country ;  and  they,  as  well  as  Baldassari,  labored  to  com- 
plete the  history  of  the  Subapennine  strata.  In  the  work  of  Odoardi,* 
there  was  also  a  clear  argument  in  favor  of  the  distinct  ages  of  the  older 
Apennine  strata,  and  the  Subapennine  formations  of  more  recent  ori- 
gin. He  pointed  out  that  the  strata  of  these  two  groups  were  tencon- 
formahle,  and  must  have  been  the  deposits  of  different  seas  at  distant 
periods  of  time. 

Raspe,  1763. — A  history  of  the  new  islands,  by  Raspe,  a  Hanove- 

duties,  and  to  have  entirely  disoootiiiued  his  scientific  pursoits,  exempUfying  the 
working  of  a  system  still  in  force  at  Oxford  and  Cambridge,  where  the  chairs  of 
mathematics,  natural  philosophy,  chemistry,  botany,  astronomy,  geology,  mineral- 
ogy, and  others,  being  frequently  filled  by  clergymen,  the  reward  of  success  dis- 
qnalifies  them,  if  they  conscientiously  dischaiige  their  new  dutie^  from  farther 
Mvancing  the  cause  of  science,  and  that,  too,  at  the  moment  when  their  labors 
would  naturally  bear  the  richest  fruits. 
*  Sui  Corpi  Marini  del  Feltrino,  1761. 
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rian,  appeared  m  1763,  in  Latin.*  In  this  work,  all  the  autbenticac* 
counts  of  earthquakes  which  had  produced  permanent  ohangaa  on  the 
solid  parts  of  the  earth  were  collected  together  and  examined  with  jodi- 
cioos  criticism.  The  hest  systems  which  had  been  proposed  coDcemuig 
the  ancient  history  of  the  globe,  both  by  ancient  and  modem  writers, 
are  reviewed ;  and  the  merits  and  defects  of  the  doctrines  of  Hooke, 
Ray,  Moro,  Bufifon,  and  others,  fairly  estimated.  Great  admiration  is 
expressed  for  the  hypothesis  of  Hooke,  and  his  explanation  of  the  origin 
of  the  strata  is  shown  to  have  been  more  correct  than  Moro's,  while  their 
theory  of  the  effects  of  earthquakes  was  the  same.  Raspe  had  not  seen 
Michell's  memoirs,  and  his  views  concerning  the  geological  structure  of 
the  earth  were  perhaps  less  enlarged ;  yet  he  was  able  to  add  mAny 
additional  arguments  in  favor  of  Hool^  theory,  and  to  render  it,  as  he 
said,  a  nearer  approach  to  what  Hooke  would  have  written  had  he  lived 
in  later  times.  As  to  the  periods  wherein  all  the  earthquakes  happened, 
to  which  we  owe  the  elevation  of  various  parts  of  our  continents  and 
islands,  Raspe  says  he  pretends  not  to  assign  their  duration,  still  less  to 
defend  Hooke's  suggestion,  that  the  convulsions  almost  all  took  place 
during  the  deluge  of  Noah.  He  adverts  to  the  apparent  indications  of 
the  former  tropical  heat  of  the  climate  of  Europe,  and  the  changes  in 
the  species  of  animals  and  plants,  as  among  the  most  obscure  and  diffi- 
cult problems  in  geology.  In  regard  to  .the  blands  raised  from  the  sea» 
within  the  times  of  history  or  tradition,  he  declares  that  some  of  them 
were  composed  of  strata  containing  organic  remains,  and  that  they  were 
not,  as  Buffon  had  asserted,  made  of  mere  volcanic  matter.  His  work 
concludes  with  an  eloquent  exhortation  to  naturalists  to  examine  the  isles 
which  rose,  ia  1 707,  in  the  Grecian  Archipelago,  and,  in  1 720,  in  the  Azores, 
and  not  to  neglect  such  splendid  opportunities  of  studying  nature  ''  in 
the  act  of  parturition."  That  Hooke's  writings  should  have  been  neg- 
lected for  more  than  half  a  century,  was  matter  of  astonishment  to 
Raspe ;  but  it  is  still  more  wonderful  that  his  own  luminous  exposition 
of  that  theory  should,  for  more  than  another  half  century,  have  excited 
60  litUe  interest. 

Fuchsel,  1762  and  1773. — ^Fuchsel,  a  German  physician,  published, 
in  1762,  a  geological  description  of  the  country  between  the  Thuringer- 
wald  and  the  Hartz,  and  a  memoir  on  the  environs  of  Budelstadt  ;f  and 
afterwards,  in  1773,  a  theoretical  work  on  the  ancient  history  of  the 
earth  and  of  man.^  He  had  evidently  advanced  considerably  beyond 
his  predecessor  Iiehman,  and  was  aware  of  the  distinctness,  both  as  to 
position  and  fossil  contents,  of  several  groups  of  strata  of  different  ages, 
corresponding  to  the  secondary  formations  now  recognized  by  geologists 


I  iDsalia.    Raspe  was  also  the  editor  of  the  **  ?biloeoph- 
mrt.  et  Leipzig,  1766 ;"  also  author  of  "  Tassie's  Gems  " 


*  De  Novis  e  Man  Natis  ] 
ical  Works  of  Leibnitz.    Amrt.  < 
and  **  Baron  Munchausen's  Travels." 

{Acta  Academic  Electoralb  Maguntina.  yoL  ii.    Erfurt 
This  account  of  Facbsel  is  derived  from  an  excellent  analysis  of  his  memoirs 
by  M.  Kefersteia    Joum.  de  G^logie,  torn.  IL     Oct.  1880. 
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in  various  parts  of  Gennany.  He  supposed  the  European  continents  tc 
have  remained  covered  by  the  sea  until  the  formation  of  the  muine  strata, 
called  in  Germany  ''muschelkalk/'  at  the  same  time  that  the  terrestrial 
plants  of  many  European  deposits,  attested  the  existence  of  dry  land 
which  bordered  the  ancient  sea ;  land  which,  therefore,  must  have  occu- 
pied the  place  of  the  present  ocean.  The  pre-existing  continent  had 
been  gradually  swallowed  up  by  <^e  sea,  different  parts  having  subsided 
in  succession  into  subterranean  caverns.  All  the  sedimentary  strata 
were  originally  horizontal,  and  their  present  state  of  derangement  must 
be  referred  to  subsequent  oscillations  of  the  ground. 

As  there  were  plants  and  animals  in  the  ancient  periods,  so  also  there 
must  have  been  men,  but  they  did  not  all  descend  from  one  pair,  but 
were  created  at  various  points  on  the  earth's  surface  ;  and  the  number 
of  these  distinct  birth-places  was  as  great  as  are  the  original  languages 
of  nations. 

In  the  writings  of  Fuchsel  we  see  a  strong  desire  manifested  to  ex- 
plain geological  phenomena  as  far  as  possible  by  reference  to  the  agency 
of  known  causes ;  and  although  some  of  his  speculations  were  fanciful, 
his  views  coincide  much  more  nearly  with  those  now  generally  adopted, 
than  the  theories  afterwards  promulgated  by  Werner  and  his  followers. 

Brander,  1766. — Gustavus  Brander  publbhed,  in  1?66,  his  ''Fossilia 
Hantoniensia,"  containing  excellent  figures  of  fossil  shells  from  the  more 
modem  (or  Eocene)  marine  strata  of  Hampshire.  "  Various  opmions,'* 
he  says  in  the  preface, ''  had  been  entertained  concerning  the  time  when 
and  how  these  bodies  became  deposited.  Some  there  are  who  conceive 
that  it  might  have  been  effected  in  a  wonderful  length  of  time  by  a 
gradual  changing  i^nd  shifting  of  the  sea,''  &o.  But  the  most  common 
cause  assigned  is  that  of  "the  deluge."  This  conjecture,  he  says,  even 
if  the  universality  of  the  flood  be  not  called  in  question,  is  purely  hypo- 
thetical. In  his  opinion,  fossil  animals  and  testacea  were,  for  the  most 
part,  of  unknown  species ;  and  of  such  as  were  known,  the  living  ana- 
logues now  belonged  to  southern  latitudes. 

Soldani,  1780. — Soldani  applied  successfully  his  knowledge  of  zoology 
to  illustrate  the  history  of  stratified  masses.  He  explained  that  micro- 
scopic testacea  and  zoophytes  inhabited  the  depths  of  the  Mediterranean ; 
and  that  the  fossil  species  were,  in  like  manner,  found  in  those  deposits 
wherein  the  fineness  of  their  particles,  and  the  absence  of  pebbles,  im- 
plied that  they  were  accumulated  in  a  deep  sea,  or  far  from  shore.  Thia 
author  first  remarked  the  alternation  of  marine  and  freshwater  strata  in 
the  Paris  basin.* 

Fortis — Testa,  1793. — A  lively  controversy  arose  between  Fortia  and 
another  Italian  naturalist,  Testa,  concerning  the  fish  of  Monte  Bolca,  in 
1793.  Their  letters,f  written  with  great  spirit  and  elegance,  show  that 
they  were  aware  that  a  large  proportion  of  the  Subapennine  shells  were 

•  Saggio  orittografico,  Ac.  1780,  and  other  Works. 
\  Lett  fiui  Pesd  FomW  di  Bolca.    Milan,  1793. 
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identical  with  living  species,  and  some  of  them  with  species  now  living 
in  the  torrid  zone.  Fortb  proposed  a  somewhat  £Emciful  conjecture,  that 
when  the  volcanoes  of  the  Vicentin  were  burning,  the  waters  of  the  Adri- 
atic had  a  higher  temperature ;  and  in  this  manner,  he  said,  the  shells 
of  wanner  regions  may  once  have  peopled  their  own  seas.  But  Testa 
was  disposed  to  think  that  these  species  of  testacea  were  still  common 
to  their  own  and  to  equinoctial  seas  ;  for  many,  he  said,  once  supposed 
to  be  confined  to,  hotter  regions,  had  been  afterwarda  discovered  in  the 
Mediterranean.* 

Cortesi^Spallaruani^Wi^il^vs^WhitehursL— While  these  Ital- 
ian naturalists,  together  with  Cortesi  and  Bpallanzani,  were  busily  en- 
gaged in  pointing  out  the  analogy  between  the  deposits  of  modem  and 
ancient  seas,  and  the  habits  and  arrangement  of  Uieir  oiganic  ink.ibit- 
ants»  and  while  some  progress  was  making,  in  the  same  country,  in 
investigating  the  ancient  and  modem  volcanic  rocks,  some  of  the  most 
original  observers  among  the  English  and  German  writers,  Whitehurstf 
and  Wallerius,  were  wasting  their  strength  in  contending,  according  to 
the  old  Woodwardian  hypothesis,  that  all  the  strata  were  formed  by 
Noah's  deluge.  But  Whitehurst's  description  of  the  rocks  of  Derby- 
shire was  most  faithful ;  and  he  atoned  for  false  theoretical  views,  by 
providing  data  for  their  refutation. 

Pallas — 'Sattssure, — ^Towards  the  close  of  the  eighteenth  century,  the 
idea  of  distinguishing  the  mineral  masses  on  our  globe  mto  separate 
groups,  and  studying  their  relations,  began  to  be  generally  diffused. 
Pallaa  and  Saussure  were  among  the  most  celebrated  whose  labors  con- 
tributed to  this  end.  After  an  attentive  examination  of  the  two  great 
mountam  chains  of  Siberia,  Pallas  announced  the  result,  that  the  gra- 
nitic rocks  were  in  the  middle,  the  schistose  at  their  sides,  and  the  lime- 
stones again  on  the  outside  of  these ;  and  this  he  conceived  would 
prove  a  general  law  in  the  formation  of  all  chains  composed  chiefly  of 
primary  rocks.| 

In  his  "  Travels  in  Russia,*'  in  1793  and  1794,  be  made  many  geo- 
logical observations  on  the  recent  strata  near  the  Wolga  and  the  Cas- 
pian, and  adduced  proofs  of  the  greater  extent  of  the  latter  sea  at  no 
distant  era  in  the  earth's  history.  His  memoir  on  the  fossil  bones  of 
Siberia  attracted  attention  to  some  of  the  most  remarkable  phenomena 
in  geology.  He  stated  that  he  had  found  a  rhinoceros  entire  in  the  fro- 
zen soil,  with  its  skin  and  flesh :  an  elephant,  found  afterwards  in  amass 

*  Hiis  argxinieiit  of  Testa  has  been  strengthened  of  late  years  hy  the  disoorery 
that  dealers  in  shells  had  long  been  in  the  Dabit  of  selling  Mediterranean  species 
as  shells  of  more  southern  and  distant  latitudes,  for  the  sake  of  enhancing  their 
price.  It  appears,  moreover,  from  several  hundred  experiments  made  by  that 
dtstingaished  hjdrographer,  Capt.  Smith,  on  the  water  within  eight  fathoms  of 
the  surfsce.  that  the  temperature  of  the  Mediterranean  is  on  an  average  8^^^  of 
Fahrenheit  higher  than  the  western  part  of  the  Atlantic  ocean ;  an  important  fact, 
whidi  in  some  degree  may  help  to  ezpUun  why  many  species  are  common  to 

Toal  latitudes  and  to  the  Mediterranean. 
Inquiry  into  the  Original  State  and  Formation  of  the  Earth,  1*1*1^ 
Observ.  on  the  Formation  of  Mountains.    Act  Petrop.  ann.  1*778,  part  i 
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of  ice  on  the  sbore  of  the  North  Sea,  removed  all  doubt  as  to  the  ac- 
coracj  of  so  wonderful  a  discovery.* 

The  subjects  relating  to  natimil  history  which  engaged  the  attention 
of  Pallas,  were  too  multifarious  to  admit  of  his  devoting  a  large  share 
of  his  labors  exclusively  to  geology.  Saussure,  on  the  other  hand,  em- 
ployed the  chief  portion  of  his  time  in  studying  the  structure  of  the 
Alps  and  Jura,  and  he  provided  valuable  data  for  those  who  followed 
him.  He  did  not  pretend  to  deduce  any  general  system  from  his  numer- 
ous and  interesting  observations ;  and  the  few  theoretical  opinions  which 
escaped  from  him,  seem,  like  those  of  Pallas,  to  have  been  chiefly  de- 
rived fi^om  the  cosmological  speculaticms  of  preceding  writers. 


CHAPTER  IV. 
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yiTeraer'B  application  of  geology  to  the  art  of  miniog— KxpursiTe  character  of  his 
lectures — Enthosiasm  of  his  pupils — His  authority — ^His  theoretical  errprs-^ 
Besmarest's  Map  and  Description  of  Auvergne — Controversy  between  the  Vul- 
canists  and  Neptunists — ^Intemperance  of  the  rival  sects — ^Button's  Theory  of  the 
earth — His  discovery  of  granite  veins — Originality  of  his  views — Why  opposed 
— Playfiiir's  illostrations — Influence  of  Voltaife's  writings  oo  geology — ^Imputa- 
tions cast  on  the  Huttonians  by  Williams,  Eirwan,  and  Do  Luo-~Smith's  Map 
of  England — Geological  Society  of  London — Progress  of  the  science  in  France 
— Growing  importance  of  the  study  of  organic  remains. 

Werner, — ^The  art  of  mining  has  long  been  taught  in  France,  Ger- 
many, and  Hungary,  in  scientific  institutions  established  for  that  pur- 
pose, where  mineral^  gy  has  always  been  a  principal  branch  of  instnicdon. 

Wfimftr  WAS  nftmi^i^  ifl  ]77f},  prnfffi^^r  ^f  that  Bflience  m  the.  .'iachool 
of  Mines^"  at  Freyberg,  in  Saxony.  He  directed  his  attention  not 
merely  to  the  compositiouand  external  characters  of  minerals,  but  also 
to  what  he  termed  "  geognosy,"  or  the  natural  position  of  minerals  in 
particular  rocks,  together  with  the  grouping  of  those  rocks,  their  geo- 
graphical distribution,  and  various  relations.  The  phenomena  observed 
in  the  structure  of  the  globe  had  hitherto  served  for  little  else  than  to 
furnish  interesting  topics  for  philosophical  discussion ;  but  when  Werner 
pointed  out  then*  application  to  the  practical  purposes  of  mining,  they 
were  instantly  regarded  by  a  large  class  of  men  as  an  essential  part  ot 
their  professional  education,  and  from  that  time  the  science  was  cultiva- 
ted in  Europe  more  ardently  and  systematically.  Werner's  mind  was 
at  once  imaginative  and  richly  stored  with  miscellaneous  knowledge. 
tl^ng  with  his  favorite  science,  and  in  his  excunive 


*  Nov.  comm.  Petr.  XV H  Cuvier,  Ekige  de  Pallas. 
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kciures,  he  pomted  aai  all  the  economical  uses  cf  minerals,  and  their 
appUcation  to  medicine ;  the  influence  of  the  mineral  composition  of 
rocks  upon  the  soil,  and  of  the  soil  upon  the  resources,  wealth,  and  civ- 
ilitttion  of  man.  The  vast  sandy  plains  of  Tartary  and  Africa,  he 
would  say,  retained  their  inhabitants  in  the  shape  of  wandering  shep- 
herds ;  the  granitic  mountains  and  the  low  calcareous  and  alluvial  plains 
gave  rise  to  different' manners,  degrees  of  wealth,  and  intelligence.  The 
history  even  of  languages,  and  the  migration  of  tribes,  had  been  deter- 
mined by  the  direction  of  particular  strata.  The  qualities  of  certain  stones 
used  in  building  would  lesd  him  to  descant  on  the  architecture  of  dif- 
ferent ages  and  nations ;  and  the  phjrsical  geography  of  a  country  fre- 
quently invited  him  to  treat  of  military  tactics.  The  charm  of  his  manners 
and  his  eloquence  kindled  enthusiasm  in  the  minds  of  his  pupUs ;  and 
many,  who  had  intended  at  first  only  to  acquire  a  slight  knowledge  of 
nuneralogy,  when  they  had  once  heurd  him,  devoted  themselves  to  it  as 
the  business  of  their  lives.  In  a  few  years,  a  small  school  of  mines, 
before  unheard  of  in  Europe,  was  raised  to  the*nuik  of  a  great  univer- 
sity; and  men  already  distinguished  in  science  studied  the  German 
language,  and  came  from  the  most  distant  countries  to  hear  the  great 
(Hacle  of  geology.* 

Werner  had  a  great  andpathy  to  the  mechamcal  labor  of  writing,  and, 
with  the  exception  of  a  valuable  treatise  on  metalliferous  veins,  he  could 
never  be  persuaded  to  pen  more  than  a  few  brief  memoirs,  and  those 
contaimog  no  development  of  his  general  views.     Although  the  natural 
modesty  of  his  disposition  was  excesuve,  approaching  even  to  timidity, 
he  indulged  in  the  most  bold  and  sweeping  generalizations,  and  he  in- 
spired all  his  scholars  with  a  most  implicit  faith  in  his  doctrines.    Their 
admiration  of  bis  genius,  and  the  feelings  of  gratitude  and  friendship 
which  they  all  felt  for  him,  were  not  undeserved  ;  but  the  supreme  au-  ^ 
thority  usurped  by  him  over  the  opinions  of  his  contemporaries,  was  / 
eventually  prejudicial  to  the  progress  of  the  science ;  so  much  so,  as  \ 
greatly  to  counterbalance  the  advantages  which  it  derived  from  his  ex-  , 
ertions.     If  it  be  true  that  delivery  be  the  first,  second,  and  third  re- 
qmsite  in  a  popular  orator,  it  is  no  less  certain,  that  to  travel  is  of  first, 
second,  and  third  importance  to  those  who  desire  to  originate  just  and 
comprehensive  views  concerning  the  structure  of  our  globe.  JN^ow  Wer- 

ngr  }mu\    mnt  t■rftVft11pi^  f/i   iliR^ainh  Pnnnt.ripfl  ;   ht^  had  mPrclj^explorfid.  a 

small  pprtipn  of  Genp^pj^jind  conceived,  and  persuaded  others  to  bej- 
lieve,  that  the  w^ole  s^ace  of  our^  planet,  apd  ^H  the  mojiojain  chains 
m  the^*worI3,  'were'made  after  the  model  of  his  own  province.  It  be- 
esme'ik  ruHng  object  of  ambition  in  the  minds  of  his  pupils  Xb  confirm 
the  generalizations  of  their  great  master,  and  to  discover  in  the  most 
distant  parts  of  the  globe  his  "  universal  formations,"  which  he  supposed 
had  been  each  in  suecession  simultaneously  precipitated  over  the  whole 
earth  from  a  common  menstruum,  or  "  chaotic  fluid."    It  now  appeals 

*  Cavier,  Eloge  de  WeriMr. 
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that  the  Saxon  professor  had  quaiuterpreted  many  of  the  most  Jm^pxtAot 
appearances  even  in  the  immediate  neighborhood  of  Freybei^*  Thus, 
for  example,  within  a  day's  journey  of  his  school,  the  porphyry,  called 
by  him  primitive,  has  been  found  not  only  to  send  forth  veins  or  dikes 
through  strata  of  the  coal  formation,  but  to  overlie  them  in  mass.  The 
granite  of  the  Hartz  mountains,  on  the  other  hand,  which  he  supposed 
to  be  the  nucleus  of  the  chain,  is  now  well  known  to  traverse  the  other 
beds,  as  near  Qoslar ;  and  still  nearer  Freyberg,  in  the  Er^^ebirge,  the 
mica  slate  does  not  mantle  round  the  granite  as  was  supposed,  but  abuts 
abruptly  against  it.  Fragments,  also,  of  the  grey  wack6  slate,  contaimng 
oi^nic  remains,  have  recently  been  found  entangled  in  the  granite  of 
the  Hartz,  by  M.  de  Seckendorf.* 

The  ^incipal_merit  of  Werner's  system  of  instruction  consisted  in 
steadily  directing  the  attention  of  lisTscliolars  to  the  constant  relations 
of  superposition  of  certain  mineral  groups  ;  but  he  had  been  anticipated, 
as  has  been  shown  in  the  last  chapter,  in  the  discovery  of  this  general 
law,  by  several  geologists  in  Italy  and  elsewhere ;  and  his  leadhig  di- 
visions of  the  second^  strata  were  at  the  same  time,  and  independently, 
made  the  basis  of  an  arrangement  of  the  Britbh  strata  by  our  country- 
man, William  Smith,  to  whose  work  I  shall  refer  in  the  sequel. 

Controversy  between  the  Vulcaniete  and  NeptwMSte. — In  regard  to 
basalt  and  other  igneous  rocks,  Werner's  theory  was  origin^  but  it  was 
also  extremely  en-oneous.  The  basalts  of  Saxony  and  Hesse,  to  which 
his  observations  were  chiefly  confined,  consisted  of  tabular  masses  capping 
the  hills,  and  not  connected  with  the  levels  of  existing  valleys,  like  many 
in  Auvergne  and  the  Vivarais.  These  basalts,  and  all  other  rocks  of 
the  same  family  in  other  countries,  were,  according  to  him,  chemical 
precipitates  from  water.  He  denied  that  they  were  the  products  of 
submarine  volcanoes  ;  and  even  taught  that»  in  the  primeval  ages  of  the 
world,  there  were  no  volcanoes.  His  theory  was  opposedr-iu-^-twofbld 
sense,  to  the  doctrine  of  the  permanent  agency  of  the  same  causes  in 
nature ;  for  not  only  did  he  introduce,  without  scruple,  many  imaginary 
causes  supposed  to  have  once  effected  great  revolutions  in  the  earth,  and 
then  to  have  become  extin«t,  but  new  ones  also  were  feigned  to  have 
come  into  play  in  modem  times ;  and,  above  all,  that  most  violent  in- 
strument of  change,  the  agency  of  subterranean  heat. 

So  early  as  1768,  before  Werner  had  commenced  his  mineralogical 
studies,  Easpe  had  truly  characterized  the  basalts  of  Hesse  as  of  igneous 
origin.  Arduino,  we  have  seen,  had  pointed  out  numerous  vai-ieties  of 
trap-rock  in  the  Yicentin  as  analogous  to  volcanic  products,  and  as  dis- 
tinctly referable  to  ancient  submarine  eruptions.  Desmarest,  as  before 
stated,  had,  in  company  with  Fortis,  examined  the  Yicentin  in  1766,  and 
confirmed  Arduino's  views.  In  1772,  Banks,  Solander,  and  Tix)il  com- 
pared the  columnar  basalt  of  Hecla  with  that  of  the  Hebrides.     ColKni, 

*  I  am  indehted  for  this  information  partly  to  Messrs.  Sedgwick  and  Murehison, 
who  have  investigated  the  country,  and  partly  to  Dr.  Charles  Hartmani^  th« 
translator  of  this  work  into  German. 
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in  1774,  recognized  tbe  true  nature  of  the  igneous  rocks  on  the  Rhine; 
between  Andemach  and  Bonn.  In  1775,  Guettard  visited  the  Yivarais, 
and  established  the  relation  of  basaltic  currents  to  lavas.  Lastly,  in 
1779,  Faujas  published  his  description  of  the  volcanoes  of  the  Yivarais 
and  Yelay,  and  showed  how  the  streams  of  basalt  had  poured  out  from 
craters  which  still  remain  in  a  perfect  state.* 

Desmarest. — ^When  sound  opinions  had  thus  for  twenty  years  pre- 
?afled  in  Europe  concerning  the  true  nature  of  the  ancient  trap-rocks» 
Werner ^by.  his..«i»p]e  diotiiin  caused  a  retiogzade  mo¥ainent,  and  not 
only  overturned  the  true  theory,  but  substituted  for  it  one  of  the  most 
unphilosophical  that  can  well  be  imagined.  The  continued  ascendancy 
of  his  d(^mas  on  this  subject  was  the  more  astonishing,  because  a  va- 
riety of  new  and  striking  facts  were  daily  accumulated  in  favor  of  the 
correct  opinions  previously  entertained.  Desmarest,  after  a  careful  / 
examination  of  Auvei^e,  pointed  out,  firat,  the  most  recent  volcanoes  / 
which  had  their  craters  still  entire,  and  their  streams  of  lava  conforming  ' 
to  the  level  of  the  present  river-courses.  He  then  showed  that  there 
were  others  of  an  intermediate  epoch,  whose  craters  were  nearly  effaced, 
and  whose  lavas  were  less  intimately  connected  with  the  present  valleys ; 
and,  lastly,  that  there  were  volcanic  rocks,  still  more  ancient,  without 
any  discernible  craters  or  scorise,  and  bearing  the  closest  analogy  to 
rocks  in  other  parts  of  Europe,  the  igneous  origin  of  which  was  denied 
by  the  school  of  Freyberg.f 

Desmarest's  map  of  Auvergne  was  a  work  of  uncommon  merit.  He 
first  made  a  trigonometrical  survey  of  the  district,  and  delineated  its 
physical  geography  with  minute  accuracy  and  admirable  graphic  power. 
He  contrived,  at  the  same  time,  to  express  without  the  aid  of  colors, 
many  geological  details,  including  thediBGsrent  ages  and  sometimes  even 
the  structure,  of  the  volcanic  rocks,  and  distinguishing  them  from  the 
fresh- water  and  the  granitic.  They  alone  who  ha^e  carefully  studied 
Auvergne,  and  traced  the  different  lava  streams  from  their  craters  to 
their  termination, — ^the  various  isolated  basaltic  cappings, — the  rela- 
tion of  some  lavas  to  the  present  valleys, — the  absence  of  such  relations 
m  others, — can  appreciate  the  extraordinary  fidelity  of  this  elaborate 
work.  No  other  district  of  equal  dimensions  in  Europe  exhibits,  per- 
haps, so  beautiful  and  varied  a  series  of  phenomena ;  and,  fortunately, 
Desmarest  possessed  at  once  the  mathematical  knowledge  required  for 
the  construcdon  of  a  map,  skill  in  mineralogy,  and  a  power  of  original 
generalization. 

Dolomieu — Mbntloner, — Dolomieu,  another  of  Werner's  contempo- 
raries, had  found  prismatic  basalt  among  the  ancient  lavas  of  Etna ;  and, 
in  1784,  had  observed  the  alternations  of  submarine  lavas  and  calcareous 
strata  in  the  Yal  di  Noto,  in  Sicily. J  In  1790,  also,  he  described  simi- 
lar phenomena  in  the  Yicentin  and  in  the  Tyrol.§    Montlosier  published, 

*  Gavier,  £loff«  de  Desmarest ' 

f  Jonrn.  de  Fhya.  vol  xiiL  p.  116  ;  and  M6iii.  de  Tlnat,  Sciences  Math^mat  et 
VhfB,  ToL  vi.  pi  219. 
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m  1788,  an  essay  on  the  theories  of  volcanoes  of  Auvergne,  combining 
Accurate  local  observations  with  comprehensive  views.  Notwithstand- 
mg  this  mass  of  evidence  the  scholars  of  Werner  were  prepared  to 
support  his  opinions  to  their  utmost  extent ;  muntaining,  in  the  fulness 
of  their  faith,  that  even  ol&idian  was  an  aqueous  precipitate.  As  they 
were  blinded  by  their  veneration  for  the  great  teacher,  they  were  irapa^ 
tient  of  opposition,  and  soon  imbibed  the  spirit  of  a  faction  ;  and  their 
opponents,  the  Vulcaniste,  were  not  long  m  becoming  contaminated  with 
the  same  intemperate  zeal.  Ridicule  and  irony  were  weapons  more 
frequently  employed  than  argument  by  the  rival  sects,  till  at  last  the 
controversy  was  carried  on  with  a  degree  of  bitterness  almost  unprece- 
dented  in  questions  of  physical  science.  Desmarest  alone,  who  had 
long  before  provided  ample  materials  for  refuting  such  a  theory,  kept 
aloof  from  the  strife ;  and  whenever  a  zealous  Neptunist  wished  to  draw 
the  old  man  into  an  argument,  he  was  satisfied  with  replying,  '*  Go  and 
see."* 

Hutton,  1786. — It  would  be  contrary  to  all  analogy,  in  matters  of 
graver  import,  that  a  war  should  rage  with  such  fury  on  the  Continent^ 
and  that  the  inhabitants  of  our  island  should  not  mingle  in  the  affray. 
Although  in  England  the  personal  influence  of  Werner  was  wanting  to 
stimulate  men  to  the  defence  of  the  weaker  side  of  the  question,  they 
contrived  to  find  good  reason  for  espousing  the  Wemerian  errors  with 
great  enthusiasm.  In  order  to  explain  the  peculiar  motives  which  led 
many  to  enter,  even  with  party  feeling,  into  this  contest,  it  will  be  ne- 
cessary to  present  the  reader  with  a  sketch  of  the  views  unfolded  by 
Hutton,  a  contemporary  of  the  Saxon  geologist.  The  former  naturalist 
had  been  educated  as  a  physician,  but  declining  the  practice  of  medi- 
cine, he  resolved,  when  young,  to  remain  content  with  the  small  indi- 
pendence  inherited  from  his  father,  and  thenceforth  to  give  his  undi- 
vided attention  to  scientific  pursuits.  He  resided  at  Edinburgh,  where 
he  enjoyed  the  society  of  many  men  of  high  atUunments,  who  loved 
him  for  the  simplicity  of  his  manners,  and  the  sincerity  of  his  character. 
His  application  was  unwearied ;  and  he  made  frequent  tours  through 
different  parts  of  England  and  Scotland,  acquiring  considerable  skill  as 
a  mineralogist,  and  consequently  arriving  at  grand  and  comprehensive 
views  in  geology.  He  communicated  the  results  of  his  observations 
unreservedly,  and  with  the  fearless  spirit  of  one  who  was  conscious 
that  love  of  truth  was  the  sole  stimulus  of  his  exertions.  When  at 
length  he  had  matured  his  views,  he  published,  in  1788,  his  "Theory 
of  the  Earth,"f  and  the  same,  afterwards  more  fully  developed  in  a 
separate  work,  in  1795.  This  treatise  was  the  first  in  which  geology 
was  declared  to  be  in  no  way  concerned  about  **  questions  as  to  the  ori- 
gin of  things  ;"  the  first  in  which  an  attempt  was  made  to  dispense  en- 
tirely with  all  hypothetical  causes,  and  to  explain  the  former  changes 
of , the  earth's  crust  by  reference  exclusively  to  natural  agents.     Huttoo 

•«  Cavier,  Eloge  de  Desmarest  f  Ed.  PhiL  Traiifl.  1788. 
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labored  to  give  fixed  principles  to  geology,  as  Newton  bad  Succeeded 
in  doing  to  astronomy ;  but,  in  tbe  former  science,  too  little  progress 
had  been  made  towards  fomisbing  the  necessary  data,  to  enable  any 
philosopher,  however  great  his  genius,  to  realize  so  noble  a  project. 

Huttcman  theory, — ^"The  ruins  of  an  older  world,"  said  Hutton, 
''are  visible  in  tbe  present  structure  of  our  planet;  and  tbe  strata 
which  now  compose  our  continents  have  been  once  beneath  tbe  sea,  and 
were  formed  out  of  the  waste  of  pre-existing  conUnents.  The  same 
forces  are  still  destroying,  by  chemical  decomposition  or  mechanical 
violence,  even  the  hardest  rocks,  and  transporting  the  materials  to  the 
sea,  where  they  are  spread  out,  and  form  strata  analogous  to  those  of 
more  ancient  date.  Although  loosely  deposited  along  the  bottom  of  the 
ocean,  they  become  afterwards  altered  and  consolidated  by  volcanic 
heat,  and  then  heaved  up,  fractured,  and  contorted." 

Although  Hutton  had  never  explored  any  region  of  active  volcanoes, 
he  had  convinced  himself  that  basalt  and  many  other  trap-rocks  were  of 
igneous  origin,  and  that  many  of  them  had  been  injected  in  a  melted  state 
tibrough  fissures  in  the  older  strata.  The  compactness  of  these  rocks, 
and  their  different  aspect  from  that  of  ordinary  lava,  he  attributed  to 
their  having  cooled  down  under  the  pressure  of  the  sea ;  and  in  order  to 
remove  the  objections  started  against  this  theory,  his  friend,  Sir  James 
Hall,  instituted  a  most  curious  and  instructive  series  of  chemical  exper- 
iments, illustrating  the  crystalline  arrangement  and  texture  assumed  by 
melted  matter  cooled  under  high  pressure. 

Tbe  absence  of  stratification  in  granite,  and  its  analogy,  in  mineral 
character,  to  rocks  which  he  deemed  of  igneous  origin,  led  Hutton  to  con- 
clude that  granite  also  must  have  been  formed  fro^  matter  in  fusion  ; 
and  this  mlilSrSice  he  felt  could  not  fie  fiilty  confirmed^  unless  be  dis- 
covered at  the  contact  of  gramte  and  other  strata  a  repetition  of  the 
phenomena  exhibited  so  constantly  by  the  trap-rocks.  Resolved  to  try 
his  theory  by  this  test,  he  went  to  the  Grampians,  and  surveyed  the  line 
of  junction  of  the  granite  and  superincumbent  stratified  masses,  until  he 
found  in  Glen  Tilt,  in  1785,  the  most  clear  and  unequivocal  proofs  in 
support  of  his  views.  Veins  of  red  granite  are  there  seen  branching  out 
from  the  principal  mass,  and  traversing  tbe  black  micaceous  schist  and 
primary  limestone.  The  intersected  stratified  rocks  are  so  distinct  in 
color  and  appearance  as  to  render  tiie  example  in  that  locality  most 
striking,  and  the  alteration  of  tbe  limestone  in  contact  was  very  anal(^ous 
to  that  produced  by  trap  veins  on  calcareous  strata  This  verification  of 
his  system  filled  him  with  delight,  and  called  forth  such  marks  of  joy 
and  exultation,  that  the  guides  who  accompanied  him,  says  his  biogra- 
pher, w^re  convinced  that  he  must  have  discovered  a  vein  of  silver  or 
gold.*  He  was  aware  that  the  same  theory  would  not  explain  the  origin 
of  tbe  primary  schists,  but  these  he  called  primary,  rejecting  the  term 
primitive,  and  was  disposed  to  consider  them  as  sedimentary  rocks  al- 

•  FUyfiur's  Works,  voL  iv.  p.  76. 
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tered  by  heat,  and  that  they  originated  in  some.other  form  from  the  waste 
of  previously  existing  rocks. 

By  this  important  discovery  of  granite  veins,  to  which  he  had  been 
led  by  fair  induction  from  an  independent  class  of  facts,  Hutton  prepared 
the  way  for  the  greatest  innovation  of  the  systems  of  his  predecessors. 
Vallisneri  had  pointed  out  the  general  fact  that  there  were  certain  funda- 
mental rocks  which  contained  no  organic  remains,  and  which  he  supposed 
to  have  been  formed  before  the  creation  of  living  beings.  Moro,  Generelli, 
and  other  Italian  writers,  embraced  the  same  doctrine ;  and  Lehman  re- 
gardfid  thf.  moiintAJns  i^led  by  hii&^priffiitiva,.a5  pfl»^«>  ^f  *,hfi  iuiginal 
nuclem  of  the^globe.  The  same  tenet  was  an  article  of  faith  in  the 
school  of  Freyberg ;  and  if  any  one  ventured  to  doubt  the  possibility  of 
our  being  enabled  to  cany  back  our  researches  to  the  creation  of  the 
present  order  of  things,  the  granitic  rocks  were  triumphantly  appealed 
to.  On  them  seemed  written,  in  legible  characters,  the  memorable  in- 
scription— 

**  Dkianzi  a  me  non  fur  oofle  create 
Be  Don  eterne  ;"• 

and  no  small  sensation  was  excited  when  Hutton  seemed,  with  unhal- 
lowed hand,  desirous  to  erase  characters  already  regarded  by  many  as 
sacred.  ''  In  the  economy  of  the  world,"  said  the  Scotch  geologist,  '<  I 
can  find  no  traces  of  a  beginning,  no  prospect  of  an  end  ;"  a  declara- 
tion the  more  startling  when  coupled  with  the  doctrine,  that  all  past  ages 
on  the  globe  had  been  brought  about  by  the  slow  agency  of  existing 
causes.  The  imagination  was  first  fatigued  and  overpowered  by  en- 
deavoring to  conceive  the  immensity  of  time  required  for  the  annihilation 
of  whole  continents  by  so  insensible  a  process  ;  and  when  the  thoughts 
had  wandered  through  these  interminable  periods,  no  resting-place  was 
assigned  in  the  remotest  distance.  The  oldest  rocks -w^re  represented 
to  be  of  a  derivative  Viature*  the  last  of  an  antecedent  series,  and  that, 
perhaps;  one  of  many  pre-existing  worlds.  Such  views  of  the  immen- 
sity of  past  time,  like  those  unfolded  by  the  Newtonian  philosophy  in  re- 
gard to  space,  were  too  vast  to  awaken  ideas  of  sublimity  unmixed  with 
a  painful  sense  of  our  incapacity  to  conceive  a  plan  of  such  infinite  ex- 
tent. Worlds  are  seen  beyond  worlds  immeasurably  distant  from  each 
other,  and,  beyond  them  all,  innumerable  other  systems  are  faintly  traced 
on  the  confines  of  the  visible  universe. 

The  characteristic  feature  of  the  Huttonian  theory  was,  as  before 
hinted,  the.  exclusion  of  all  causes  not  supposed  to  beloBg4e4:lie  present . 
order  of.  nature.^  '^ufHnttoti  Had  made  no  step  beyond  Hooke,  Moro, 
and  Raspe,  in  pointing  out  in  what  manner  the  laws  now  governing  sub- 
terranean movements  might  bring  about  geological  changes,  if  sufficient 
time  be  allowed.  On  the  contrary,  he  seems  to  have  fallen  far  short  of 
some  of  their  views,  especially  when  he  refused  to  attribute  any  part 

*  **  Before  me  things  create  were  none,  save  things 

Eternal'' Dante's  Infemoy  canto  iU.  Gary's  Translation. 
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of  the  external  configuration  of  the  earth's  cnisl  to  subsidence.  He 
imagined  that  the  continents  were  first  gradually  destroyed  by  aqueous 
degradation ;  and  when  their  ruins  had  furnished  materials  for  new 
continents,  they  were  upheaved  by  violent  convulsions.  He  therefore 
reqiured  alternate  periods  of  general  disturbance  and  repose  ;  and  sucl 
he  believed  had  been,  and  would  forever  be,  the  course  of  nature. 

Generelli,  in  his  exposition  of  Moro's  system,  had  made  a  far  nearer 
approximation  towards  reconciling  geological  appearances  with  the  state 
of  nature  as  known  to  us ;  for  while  he  agreed  with  Hutton,  that  the 
decay  and  reproduction  of  rocks  were  always  in  progress,  proceeding 
"with  the  utmost  uniformity,  the  learned  Carmelite  represented  the  re- 
pmrs  of  mountams  by  elevation  from  below  to  be  effected  by  an  equally    * 
constant  and  synchronous  operation.     Neither  of  these  theories,  con-     \ 
sidered  singly,  satisfies  all  the  conditions  of  the  great  problem,  which  a     I 
geologist,  who  rejects  cosmological  causes,  is  called  upon  to  solve ;  but      • 
they  probably  contain  together  the  germs  of  a  perfect  system.     There 
can  be  no  doubt,  that  periods  of  disturbance  and  repose  have  followed     / 
each  other  in  succession  in  every  region  of  the  globe ;  but  it  may  be     i 
equally  true,  that  the  energy  of  the  subterranean  movements  has  been     ' 
always  uniform  as  regards  the  tohoU  earth.    The  force  of  earthquakes    ; 
may  for  a  cycle  of  years  have  been  invariably  confined,  as  it  is  now,  to 
large  but  determinate  spaces,  and  may  then  have  gradually  shifted  its 
position,  so  that  another  region,  which  had  for  ages  been  at  rest,  became 
in  its  turn  the  grand  theatre  of  action. 

Plat(fair*s  illtuirations  of  Hutton, — The  explanation  proposed  by 
Hutton,  and  by  Playfair,  the  illustrator  of  his  theory,  respecting  the 
origin  of  valleys  and  of  alluvial  accumulations,  was  also  very  imperfect,  ' 
They  ascribed  none  of  the  inequalities  of  the  earth's  sunace  to  move-  . 
ments  whicb  accompanied  the  upheaving  of  the  land,  imagining  that 
valleys  in  general  were  formed  in  the  course  of  ages  by  the  rivers  now 
floiinng  in  them ;  while  they  seem  not  to  have  reflected  on  the  exca- 
vating and  transporting  power  which  the  waves  of  the  ocean  might  exert 
on  land  during  its  emergence. 

Although  Hutton's  knowledge  of  mineralogy  and  chemistiy  was  con- 
aderable,  he  possessed  but  little  information  concerning  organic  remains ; 
they  merely  served  him,  as  they  did  Werner,  to  characterize  certain 
strata,  and  to  prove  their  marine  origin.  The  theory  of  former  revolu- 
tions in  organic  life  was  not  yet  fully  recognized ;  and  without  this  class 
of  proofs  in  support  of  the  antiquity  of  the  globe,  the  indefinite  periods 
demanded  by  the  Huttonian  hypothesis  appeared  visionary  to  many ; 
and  some,  who  deemed  the  doctrine  inconsistent  with  revealed  truths, 
indulged  very  uncharitable  suspicions  of  the  motives  of  its  author. 
They  accused  him  of  a  deliberate  design  of  reviving  the  heathen  dogma 
of  an  "  eternal  succession,"  and  of  denying  that  this  world  ever  had  a 
beginning.  Playfair,  in  the  biography  of  his  friend,  has  the  following  , 
comment  on  this  part  of  theur  theory: — "In  the  planetary  motions,  \ 
where  geometry  has  carried  the  eye  so  far,  both  into  the  future  and  the    y 
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past,  we  discover  no  mark  either  of  the  commencement  or  termination 
of  the  present  order.  It  is  unreasonable,  indeed,  to  suppose  that  such 
marks  should  anywhere  exist.  The  Author  of  Nature  has  not  given 
laws  to  the  universe,  which,  like  the  institutions  of  men,  carry  in  them- 
selves the  elements  of  their  own  destruction.  He  has  not  permitted  in 
His  works  any  symptom  of  infancy  or  of  old  age,  or  any  sign  by  which 
we  may  estimate  either  their  future  or  their  past  duration.  He  may 
put  an  end,  as  he  no  doubt  gave  a  beginning,  to  the  present  system,  at 
some  determinate  period  of  time ;  but  we  may  rest  assured  that  this 
great  catastrophe  will  not  be  brought  about  by  the  laws  now  existing, 
and  that  it  is  not  indicated,  by  any  thing  which  we  perceive."* 

The  party  feeling  excited  against  the  Huttonian  doctrines,  and  the 
open  disregard  of  candor  and  temper  in  the  controversy,  will  hardly  be 
credited  by  tl^e  reader,  unless  he  recalls  to  his  recollection  that  the  mind~bf 
the  English  public  was  at  that  time  in  a  state  of  feverish  excitement. 
A  class  of  writers  in  France  had  been  laboring  industriously  for  many 
years,  to  diminish  the  influence  of  the  clergy,  by  sapping  the  founda- 
tions of  the  Christian  faith  ;  and  their  success,  and  the  consequences  of 
the  Revolution,  had  alarmed  the  most  resolute  minds,  while  the  imagin- 
ation of  the  more  timid  was  continually  haunted  by  dread  of  mnovation, 
as  by  the  phantom  of  some  fearful  dream. 

Voltaire, — ^Voltaire  had  used  the  modem  discoveries  in  physics  as 
one  of  the  numerous  weapons  of  attack  and  ridicule  directed  by  him 
against  the  Scriptures.  He  found  that  the  most  popular  systems  of 
geology  were  accommodated* to  fh^  sacred  writings,  and  that  much  in^ 
genuity  had  been  employed  to  make  every  fact  coincide  exactly  with 
the  Mosaic  account  of  the  creation  and  deluge.  It  was,  therefore,  with  no 
friendly  feelings  that  he  contemplated  the  cultivators  of  geology  in  gen- 
eral, regarding  the  science  as  one  which  had  been  successfully  enlisted 
by  theologians  as  an  ally  in  their  cause.f  He  knew  that  the  majority 
of  those  who  were  aware  of  the  abundance  of  fossil  shells  in  the  interior 
of  continents,  were  still  persuaded  that  they  were  proofs  of  the  univer- 
sal deluge  ;  and  as  the  readiest  way  of  shaking  this  article  of  faith,  he 
endeavored  to  inculcate  skepticism  as  to  the  real  nature  of  such  shells, 
and  to  recall  from  contempt  the  exploded  dogma  of  the  sixteenth  cen- 
tury, that  they  were  sports  of  nature.  He  also  pretended  that  vegeta- 
ble impressions  were  not  those  of  real  plants.J  Yet  he  was  perfectly 
convinced  that  the  shells  had  really  belonged  to  living  testacea,  as  may 

♦  Playfiur's  Works,  vol  iv.  p  65. 

\  In  aliosion  to  the  theories  of  Buroet,  Woodward,  and  other  physico-theologi 
cal  writers,  he  declared  that  they  were  as  food  of  diang^es  of  scene  on  the  face  of 
the  globe,  as  were  the  populace  at  a  play.  "  Every  one  of  them  destroys  and 
renovates  the  earth  after  nis  own  Hashioo,  as  Descartes  framed  it :  for  philosophers 
pat  themselves  without  ceremony  in  the  place  of  God,  and  think  to  create  a  uni- 
verse with  a  word." — Dissertation  envoy^e  a  TAcademie  de  Boulogne,  sur  les 
Changemens  arrives  dans  notre  Globe.  Unfortunately,  this  and  similar  ridicule 
directed  against  the  cosmogonists  was  too  well  deserved. 

%  See  the  chapter  on  *'  I%s  Pierres  figures." 
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be  seen  in  his  essay  *'  On  the  formation  of  Mountains."*  He  would 
sometimes,  in  defiance  of  all  consistency,  shift  his  ground  when  address- 
ing the  vulgar ;  and,  admitting  the  true  nature  of  the  shells  collected  in 
the  Alps  «nd  other  places,  pretend  that  they  were  Eastern  species, 
which  had  fallen  from  the  hats  of  pilgrims  coming  from  Syria.  The 
numerous  essays  written  by  him  on  geological  subjects  were  all  calcu- 
lated to  strengthen  prejudices,  partly  because  he  was  ignorant  of  the 
real  state  of  the  science,  and  partly  from  his  bad  fiuth.f  On  the  other 
hand,  they  who  knew  that  his  attacks  were  directed  by  a  desire  to  in- 
validate Scripture,  and  who  were  unacquainted  with  the  true  merits  of 
the  question/might  well  deem  the  old  diluvian  hypothesis  incontroverti- 
ble, if  Voltaire  could  adduce  no  better  argument  against  it  than  to  deny 
the  true  nature  of  organic  remains. 

It  is  only  by  careful  attention  to  impediments  originating  in  extrinsic 
causes,  that  we  can  explain  the  slow  and  reluctant  adoption  of  the  sim- 
plest truths  in  geology.  First,  we  find  many  able  naturalists  adducing 
the  fossil  remains  of  marine  itnimals  as  proofs  of  an  event  related  in 
Scripture.  The  evidence  is  deemed  conclusive  by  the  multitude  for  a 
century  or  more ;  for  it  favors  opinions  which  they  entertained  before, 
and  they  are  gratified  by  supposing  them  confirmed  by  fresh  and  unex- 
pected proofs.  Many  who  see  through  the  fallacy  have  no  wish  to  un- 
deceive those  who  are  influenced  by  it,  approving  the  effect  of  the  delu- 
sion, and  conniving  at  it  as  a  pious  fraud ;  until,  finally,  an  opposite  par- 
ty, who  are  hostile  to  the  sacred  writings,  labor  to  explode  the  erroneous 
opinion,  by  substituting  for  it  another  dogma,  which  they  know  to  be 
equally  unsound. 

The  heretical-YulcanistH  were  aofin  after  openly  aaauled  in  Enghuid, 
J^  ifnptttotlQltfii^,^,  ^^^  J^^^Ailli^^!?^  ^^^^'  ^^  cannot  estimate  the  ma- 
levolence of  such  a  persecution,  by  t%e  pain  which  similar  insinuations 
might  now  inflict ;  for  although  charges  of  infidelity  and  atheism  must 
always  be  odious,  they  were  injurious  in  the  extreme  at  that  moment  of 
political  excitement ;  and  it  was  better,  perhaps,  for  a  man's  good  recep- 
tion in  society,  that  his  moral  character  should  have  been  traduced,  than 
that  he  should  become  a  mark  for  these  poisoned  weapons. 

I  shall  pass  over  the  works  of  numerous  divines,  who  may  be  excused 
for  sensitiveness  on  points  which  then  excited  so  much  uneasiness  in  the 
public  mind ;  and  shall  say  nothing  of  the  amiable  poet  CoWper,^  who 

*  In  that  essay  he  lays  it  down,  '*  that  aU  nataraliats  are  now  agreed  that  de- 
posits of  shells  in  the  midst  of  the  continents  are  monuments  of  the  continued  occu- 
r'«>n  of  these  districts  by  the  ocean."  In  another  place  also,  when  speaking  of 
fossil  shells  of  Touraine,  he  admits  their  true  origin, 
f  As  an  instance  of  his  desire  to  throw  doubt  indiscriminately  on  all  geological 
data,  we  may  recall  the  passage  where  he  says,  that  "  the  bones  of  a  reindeer 
and  hippopotamus  disoo?ered  near  Etempes  did  not  prove,  as  some  would  have 
it,  that  Lapland  and  the  Nile  were  once  on  a  tour  from  Paris  to  Orleans,  but 
merely  that  a  lover  of  curiosities  once  preserved  them  in  his  cabinet" 
X  '*Some  driU  and  bore 

The  solid  earth,  and  from  the  strata  there 
Extract  a  register,  by  which  we  learn 
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could  hardly  be  expected  to  have  inquired  into  the  merit  of  doctrines  ic 
physics.  But  in  the  foremost  ranks  of  the  intolerant  arfe  found  severat 
laymen  who  had  high  claims  to  scientific  reputation.  Among  these  ap- 
pears Williams,  a  mineral  surveyor  of  Edinburgh,  who  published  a 
"  Natural  History  of  the  Mineral  Kingdom,"  in  1789 ;  a  work  of  great 
merit,  for  that  day,  and  of  practical  utility,  as  containing  the  best  ac- 
count of  the  coal  strata.  iQ^is  preface  he  misrepresents  Hutton'sthe- 
ory  altogether,  and  charges  him' with  c6nsi3enng  all  CoeEilOfl^^a 
of  different  colors  and  Structure ;  and  also  with  "  warping,  every  thing  to 
support  the  eternity  of 'the  world."*  He  descants  on  the  pernicious 
influence  of  such  skeptical  notions,  as  leading  to  downright  infidelity 
and  atheism,  "  and  as  being  nothing  less  than  to  depose  the  Almighty 
Creator  of  the  universe  from  his  ofl5ce."f 

Kirwan — De  Luc, — I^inr^,  president  of  the  Royal  Academy  of 
Dublin,  a  chemist  and  mineralogist  of  some  merit,  but  who  possessed 
much  greater  authority  in  the  scientific  world  than  he  was  entitled  by 
his  talents  to  enjoy,  s^d,  in  the  introduction  to  his  "  Geological  Essays, 
1799,"  "that  sound  geology  graduated  into  religion,  and  was  required 
'to  dispel  certain  systems  of  atheism  or  infidelity,  of  which  they  had  had 
recent  experience."^  He  was^aa  ttii<Nm}pi*omi8ing  defender  of  thA-aque- 
ous  theory  of  all  rocks,  and  was  scarcely  surpassed  by  Burnet  and 
Whiston,  in  his  desire  to  adduce  the  Mosaic  writings  in  confirmation  of 
his  opinions. 

De  Luc,  in  the  preliminary  discourse  to  his  Treatise  on  Geology,§ 
says,  "  The  weapons  have  been  changed  by  which  revealed  religion  is 
attacked ;  it  is  now  assailed  by  geology,  and  the  knowledge  of  this 
science  has  become  essential  to  theologians."  He  imputes  the  failure 
of  former  geological  systems  to  their  having  been  anti-Mosaical,  and 
directed  against  a  "  sublime  tradition."  These  and  similar  imputations, 
reiterated  in  the  works  of  De  Luc,  seem  to  have  been  taken  for  granted 
by  some  modem  writers :  it  is  therefore  necessary  to  state,  in  justice  to 
the  numerous  geologists  of  different  nations,  whose  works  have  been 
considered,  that  none  of  them  were  guilty  of  endeavoring,  by  arguments 
drawn  from  physics,  to  invalidate  scriptural  tenets.  On  the  contrary, 
the  majority  of  those  who  were  fortunate  enough  "  to  discover  the  true 
causes  of  things,"  rarely  deserved  another  part  of  the  poet's  panegyric, 
"Atque  nietus  omnes  subjecit  pedibus"  The  caution  ivnd  even  timid  re- 
serve, of  many  eminent  Italian  authors  of  the  earlier  period  is  very  ap- 
parent ;  and  there  can  hardly  be  a  doubt,  that  they  subscribed  to  cer- 
tain dogmas,  and  particularly  to  the  first  diluvian  theory,  out  of  defer- 
ence to  popular  prejudices,  rather  than  from  conviction.  If  they  were 
guilty  of  dissimulation,  we  may  feel  regret,  but  must  not  blame  theii 
want  of  moral  courage,  reserving  rather  our  condemnation  for  the  intol- 

That  he  who  made  it,  and  revealed  its  date 
'  To  Mosefl,  waa  mistaken  in  its  age.** 

The  Task,  hook  iil    «  The  QardeD." 
•  P.  577.  t  P.  C».  t  In*«>d.  ?■  2.  g  London,  1809. 
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erance  of  the  times,  and  that  mquisitorial  power  which  forced  Galileo  te 
abjore,  and  the  two  Jesuits  to  disclaim  the  theoiy  of  Newton.* 

Hutton  answered  Eirwan's  attacks  with  gro^t  warmth,  and  with  the 
indignation  justly  excited  by  unmerited  reproach.  "He  had  always 
displayed,"  says  Playfair,  "  the  utmost  disposition  to  admire  the  benef- 
icent design  manifested  in  the  structure  of  the  world ;  and  he  contem- 
plated with  delight  those  parts  of  his  theory  which  made  the  greatest 
additions  to  our  knowledge  of  final  causes."  We  may  say  with  equal 
truth,  that  in  no  scientific  works  in  our  language  can  more  eloquent 
passages  be  found,  concerning  the  fitness,  harmony,  and  grandeur  of  all 
parts  of  the  creation,  than  in  those  of  Playfur.  They  are  evidently  the 
unaffected  expressions  of  a  mind,  which  contemplated  the  study  of 
nature,  as  best  calculated  to  elevate  our  conceptions  of  the  attributes  of . 
the  First  Cause.  At  any  other  time  the  force  and  elegance  of  Play- 
fair's  style  must  have  insured  popularity  to  the  Huttonian  doctrines ; 
but  by  a  singular  coincidence,  Ne.ptunianism  and.,  orthodoxy  ^wews  naw . 
i^ociateijn^^the^  same  creed ;  and  the  tide  of  prejudice  ran  so  strong, 
^^^^  majority  were  carrfeS  far  away  into  the  chaotic  fluid,  and  other 
cosmological  inventions  of  Werner.  These  fictions  the  Saxon  professor 
had  borrowed  with  little  modification,  and  without  any  improvement, 
from  his  predecessors.  They  had  not  the  smallest  foundation  either  in 
Scripture  or  in  common  sense,  and  were  probably  approved  of  by  many 
as  being  so  ideal  and  unsubstantial,  that  they  could  never  come  into 
violent  collision  with  any  preconceived  opinions.  • 

According  to  De  Luc,  the  first  essential  distinction  to  be  made  be- 
tween the  various  phenomena  exhibited  od  the  surface  of  the  earth  was, 
to  determine  which  were  the  results  of  causes  still  in  action,  and  which 
had  been  produced  by  causes  that  had  ceased  to  act.  The  form  and 
composition  of  the  mass  of  our  continents,  he  said,  and  their  existence 
above  the  level  of  the  sea,  must  be  ascribed  to  causes  no  longer  in 
action.  These  continents  emerged,  at  no  very  remote  period,  on  the 
sudden  retreat  of  the  ocean,  the  waters  of  which  made  their  way  into 
subterranean  caverns.  The  formation  of  the  rocks  which  enter  into  the 
crust  of  the  earth  began  with  the  precipitation  of  granite  from  a  pri- 
mordial liquid,  after  which  .other  strata  containing  the  remains  of  or- 

*  In  a  most  able  article,  by  Mr.  Drinkwater,  on  the  "  Life  of  Galileo  *  published 
in  the  "  Library  of  Useful  Knowledge  "  it  is  stated  that  both  Galileo^s  work,  and 
the  book  of  Copernicus,  **  Nisi  corrigatur"  (for,  with  the  omission  of  certain  pas- 
sages, it  was  sanctioned),  were  still  to  be  seen  on  the  forbidden  list  of  the  Index 
at  Rome,  in  1828.  I  was,  however,  assured  in  the  same  year,  by  Professor  Scar- 
pellini,  at  Rome,  that  Pins  VIL,  a  pontiff  distinguished  for  his  love  of  science,  had 
procured  a  repeal  of  the  edicts  agamst  Galileo  and  the  Coperoican  system.  He 
nad  assembled  the  Congregation ;  and  the  late  Cardinal  Toriozzi,  assessor  of  the 
Sacred  Office,  proposed  that  they  should  wipe  off  this  scandal  from  the  church." 
The  repeal  was  carried,  with  the  dissentient  voice  of  one  Dominican  only.  Lons 
before  that  time  the  Newtonian  theory  had  been  taught  in  the  Sapienza,  and  all 
Catholic  universities  in  Europe  (with  the  exception,  I  am  told,  of  Salamanca);  but 
it  was  always  required 'of  professors,  in  deference  to  the  decrees  of  the  church,  to 
QM  the  term  hypcikuU^  instead  of  theory.    They  now  speak  of  the  Copemkan 
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ganized  bodies  were  deposited,  till  at  last  the  present  sea  remained  as 
tJie  residuum  of  the  primordial  liquid,  and  no  longer  continued  to  pro- 
duce mineral  strata.* 

William  Smithy  1790. — ^While  the  tenets  of  the  rival  schools  <rf 
Freyberg  and  Edinburgh  were  warmly  espoused  by  devoted  partisans, 
the  labors  of  an  individual,  unassisted  by  the  advantages  of  wealth  or 
station  in  society,  were  almost  unheeded.  Mr.  William  Smith,  an  Eng- 
lish surveyor,  published  his  '*  Tabular  View  of  the  British  Strata"  in 
1790,  wherein  he  proposed  a  classification  of  the  secondary  formations 
in  the  West  of  England.  Although  he  had  not  communicated  with 
Werner,  it  appeared  by  this  work  that  he  had  arrived  at  the  same  views 
respecting  the  laws  of  superposition  of  stratified  rocks ;  that  he  was 
aware  that  the  order  of  succesdon  of  different  groups  was  never  in- 
verted ;  and  that  they  might  be  identified  at  very  distant  points  by  their 
peculiar  organized  fossils. 

From  the  time  of  the  appearance  of  the  "  Tabular  View,"  the  author 
labored  to  construct  a  geological  map  of  the  whole  of  England ;  and 
with  the  greatest  disinterestedness  of  mind,  communicated  the  results  of 
his  investigations  to  all  who  desired  information,  giving  such  publicity 
to  his  original  views,  as  to  enable  his  contemporaries  almost  to  compete 
with  him  in  the  race.  The  execution  of  his  map  was  completed  in 
1815,  and  remains  a  lasting  monument  of  original  talent  and  extraordi- 
nary perseverance;  for  he  had  explored  the  whole  country  on  foot, 
without  the  guidance  of  previous  olwervers,  or  the  aid  of  fellow-laborers, 
and  had  succeeded  in  throwing  into  natural  divisions  the  whole  compli- 
cated series  of  British  rocks.  D'Aubuisson,  a  distinguished  pupil  of 
Werner,  paid  a  just  tribute  of  praise  to  this  remarkable  performance, 
observing,  that  **  what  many  celebrated  mineralogists  had  only  accom- 
plished for  a  small  part  of  Germany  in  the  course  of  half  a  century,  had 
been  effected  by  a  single  individual  for  the  whole  of  England."f 

Werner  invented  a  new  language  to  express  his  divisions  of  rocks, 
and  some  of  his  technical  terms,  such  as  grauwacke,  gneiss,  and  others, 
passed  current  in  every  country  in  Europe.  Smith  adopted  for  the  most 
part  English  provincial  terms,  often  of  barbarous  sound,  such  as  gault, 
combrash,  clunch  clay ;  and  affixed  them  to  subdivisions  of  the  British 
series.  Many  of  these  still  retain  their  place  in  our  scientific  classifica- 
tions, and  attest  his  priority  of  arrangement. 

MODERN  PROGRESS  OF  OBOLOGT. 

The  contention  of  the  rival  factions  of  the  Vulcanists  and  i^Feptuni§te 

had  been  carried  to  such  a  height,  that  these  names  had  become  terms 

of  reproach ;  and  the  twa  parties-  bad  been  less  occupied  in  searclttng 

Tor  trutH,  than  for  such  arguments  as  might  Strengthen  their  own  cause 

or  serve  to  annoy  their  antagonists.     A  new  school  at  liBaTarose,  w1l?> 

London,  1809.    TraimUted  by  De  la  Fita. 


*  Elementnr^  Treatise  on  Qeology.    London,  1 
t  See  Dr.  Fitton's  Memoir,  before  cited,  p.  67. 


OkIV.]  oeologioal  sogtbtt  of  lqnbok.  69 

professed  the  strictest  neutralitj^  and  the  utmost  indifference  to  the 
systems  of  Werner  and  Hutton,  and  who  resolved  diligently  to  devote 
their  labors  to  observaUon.  The  reaction,  provoked  by  the  intemper- 
ance of  the  conflicting  parties,  now  produced  a  tendency  to  extreme 
cantion.  Speculative  views  werB  discountenanced^  and,  through  fear  of 
exposing  themselves  ^  the  suspicion  of  a  bias  towards  the  dogmas  of  a 
party,  some  geologists  became  anxious  to  entertain  no  opinion  whatever 
on  the  causes  of  phenomena,  and  were  inclined  to  skepticism  even  where 
the  conclusions  deducible  from  observed  facts  scarcely  admitted  of  rea- 
sonable doubt. 

Gtologieal  Society  of  London. — But  although  the  reluctance  to  theo- 
rize was  carried  somewhat  to  excess,  no  measure  could  be  more  salutary 
at  such  a  moment  than  a  suspension  of  all  attempts  to  form  what  were 
termed  "  theories  of  the  earth."  A  great  body  of  new  data  were  re- 
quired; and  the  Geological  Society  of  London,  founded  m  1807,  con- 
duced greatly  to  the  attainment  of  this  desirable  end.  To  multiply  and 
record  observations,  and  patiently  to  await  the  result  at  some  future 
period,  was  the  object  proposed  by  them ;  and  it  was  their  favorite 
maxim  that  the  time  was  not  yet  come  for  a  general  system  of  geology, 
bat  that  all  must  be  content  for  many  years  to  be  exclusively  engaged 
in  furnishing  materials  for  future  generalizations.  By  acting  up  to  these 
principles  with  consistency,  they  in  a  few  years  disarmed  all  prejudice, 
and  rescued  the  science  from  the  imputation  of  being  a  dangerous,  or  at 
best  but  a  visionary  pursuit. 

A  distinguished  modem  writer  has  with  truth  remarked,  that  the  ad- 
vancement of  three  of  the  main  divisions  of  geological  inquiry  have  during 
the  last  half  century  been  promoted  successively  by  three  different  nations 
of  Europe, — the  Germans,  the  English,  and  the  French.*  We  have  seen 
that  the  systematic  study  of  what  may  be  called  mineralogical  geology 
had  its  origin  and  chief  point  of  activity  in  Germany,  where  Werner  first 
described  with  precision  the  mineral  characters  of  rocks.  The  classifica- 
tion of  the  secondary  formations,  each  marked  by  their  peculiar  fossils, 
belongs,  in  a  great  measure,  to  England,  where  the  labors  before  alluded 
to  of  Smith,  and  those  of  the  most  active  members  of  the  Geological 
Society  of  London,  were  steadily  directed  to  these  objects.  The  founda^' 
tion  of  the  third  branch,  that  relating  to  the  tertiary  formations,  was  laid 
in  France  by  the  splendid  work  of  Cuvier  and  Brongniart,  published  in 
1808,  "  On  the  Mineral  Geography  and  Organic  Remains  of  the  Neigh- 
borhood of  Paris." 

We  may  still  trace,  in  the  language  of  the  science  and  our  present 
methods  of  arrangement,  the  various  countries  where  the  ^ovrth  of  these 
several  departments  of  geology  was  at  different  times  promoted.  Many 
names  of  umple  minerals  and  rocks  remain  to  this  day  German ;  while 
the  European  divisions  of  the  secondary  strata  are  in  great  part  English, 
and  are,  indeed,  often  founded  too  exclusively  on  English  types.  Lastly, 
the  subdivisions  first  established  of  the  succession  of  strata  in  the  Paris 
•  "Whcwell,  British  Critic,  No.  xvii.  p*  187, 1881. 
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ha&itk  have  served  as-  normal  groups  to  which  other  tertiaiy  deposits 
throughout  Europe  have  been  compared,  even  in  cases  where  thi) 
standwl  was  wholly  inapplicable. 

No  period  could  have  been  more  fortunate  for  the  discovery,  in  the 
immediate  neighborhood  of  Paris,  of  a  rich  store  of  well-preserved  fos- 
sils, than  the  commencement  of  the  present  century ;  for  at  no  former 
era  had  Natural  history  been  cultivated  with  such  enthusiasm  in  the 
French  metropolis.  The  labors  of  Cuvier  in  comparative  osteology,  and 
of  Lamarck  in  recent  and  fossil  shells,  had  raised  these  departments  of 
rtudy  to  a  rank  of  which  they  had  never  previously  been  deemed  sus- 
ceptible. Their  investigations  had  eventually  a  powerful  effect  in  dis- 
pelling the  illusion  which  had  long  prevailed  concerning  the  absence  of 
analogy  between  the  ancient  and  modem  state  of  our  planet.  A  close 
comparison  of  the  recent  and  fossil  species  and  the  inferences  drawn  in 
regard  to  their  habits,  accustomed  the  geologist  to  contemplate  the 
earth  as  having  been  at  successive  periods  the  dwelling-place  of  animals 
and  plants  of  different  races,  some  terrestrial,  and  others  aquatic — some 
fitted  to  live  in  seas,  others  in  the  waters  of  lakes  and  rivers.  By  the 
consideration  of  these  topics,  the  mind  was  slowly  and  insensibly  with- 
drawn from  imaginary  pictures  of  catastrophes  and  chaotic  confusion, 
such  as  haunted  the  imagination  of  the  early  cosmogonists.  Numerous 
proofs  were  discovered  of  the  tranquil  deposition  of  sedimentary  matter, 
and  the  slow  developmeiit  of  organic  life.  If  many  writers,  and  Cuvier 
himself  in  the  number,  still  continued  to  maintain,  that  "  the  thread  of 
induction  was  broken,"*  yet,  in  reasoning  by  the  strict  rules  of  induc- 
tion from  recent  to  fossil  species,  they  in  a  great  measure  disclaimed 
the  dogma  which  in  theory  they  professed.  The  adoption  of  the  same 
generic,  and,  in  some  cases,  even  of  the  same  specific,  names  for  the 
exu^nae  of  fossil  animals  and  their  li\ing  analogues,  was  an  important  step 
towards  familiarizing  the  mind  with  the  idea  of  the  identity  and  unity  of 
the  system  in  distant  eras.  It  was  an  acknowledgment,  as  it  were,  that 
part  at  least  of  the  ancient  memorials  of  nature  were  written  in  a  living 
language.  The  growing  importance,  then,  of  the  natural  history  of  or- 
ganic remains  may  be  pointed  out  as  the  characteristic  feature  of  the 
•progress  of  the  science  during  the  present  century.  This  branch  of 
knowledge  has  already  become  an  instrument  of  great  utility  in  geological 
classification,  and  is  continuing  daily  to  unfold  new  data  for  grand  and 
enlarged  views  respecting  the  former  changes  of  the  earth. 

When  we  compare  the  result  of  observations  in  the  last  fifty  years 
with  those  of  the  three  preceding  centuries,  we  cannot  but  look  forward 
with  the  most  sangume  expectations  to  the  degree  of  excellence  to  which 
geology  may  be  carried,  even  by  the  labors  of  the  present  generation. 
Never,  perhaps,  did  any  science,  with  the  exception  of  astronomy,  un- 
fold, in  an  equally  brief  period,  so  many  novel  and  unexpected  truths, 
and  overturn  so  many  preconceived  opinions.  The  senses  had  for  ages 
declared  the  earth  to  be  at  rest,  until  the  astronomer  taught  that  it  was 
*  Diaoours  snr  lea  R^voL  Ac. 
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carried  through  space  with  inconceiYahle  rapidity.  In  like  manner  was 
the  surface  of  this  planet  regarded  as  having  remained  unaltered  since 
its  creation,  until  the  geologist  proved  that  it  had  been  the  theatre  of 
reiterated  change,  and  was  still  the  subject  of  slow  but  never-ending 
fluctuations.  The  discovery  of  other  systems  in  the  boundless  regions 
of  space  was  the  triumph  of  astronomy ;  to  trace  the  same  system 
through  various  transformations — to  behold  it  at  successive  eras  adorned 
with  different  hills  and  valleys,  lakes  and  seas,  and  peopled  with  new  in- 
habitants, was  the  delightful  meed  of  geological  research.  By  the 
geometer  were  measured  the  regions  of  space,  and  the  relative  distances 
cf  t£e  heavenly  bodies; — ^by  the  geologist  myriads  of  ages  were 
reckoned,  not  by  arithmetical  Computation,  but  by  a  train  of  physical 
events — a  succession  of  phenomena  in  the  animate  and  inanimate  worlds 
— signs  which  convey  to  our  minds  more  definite  ideas  than  figures  can 
do  of  the  immensity  of  time. 

Whether  our  investigation  of  the  earth's  history  and  structure  will 
eventually  be  productive  of  as  great  practical  benefits  to  mankind  as  a 
knowledge  of  the  distant  heavens,  must  remain  for  the  decision  of  pos- 
terity. It  was  not  till  astronomy  had  been  enriched  by  the  observations 
of  many  centuries,  and  had  made  its  way  against  popular  prejudices  to 
the  establishment  of  a  sound  theory,  that  its  application  to  the  useful 
arts  was  most  conspicuous.  The  cultivation  of  geology  began  at  a  later 
period ;  and  in  every  step  which  it  has  hitherto  made  towards  sound 
theoretical  principles,  it  had  to  contend  against  more  violent  preposses- 
sions. The  practical  advantages  already  derived  from  it  have  not  been 
inconsiderable;  but  our  generalizations  are  yet  imperfect,  and  they 
who  come  after  us  may  be  expected  to  reap  the  most  valuable  fruits  of 
our  labor.  Meanwhile,  the  charm  of  first  discovery  is  our  own ;  and,  as 
we  explore  this  magnificent  field  of  inquiry,  the  sentiment  of  a  great 
historian  of  our  times  may  continually  be  present  to  our  minds,  that  **  he 
who  calls  what  has  vanished  back  again  into  being,  enjoys  a  bliss  like 
that  of  creating."* 


CHAPTER  V. 

PRBJUDICES   WHICH   HAVS   RSTARDBD   THS   PROGRESS   OF   GEOLOOT 

PreposseasioDs  in  regard  to  the  duration  of  past  time — Pjrejadices  arising  from  onr 
peculiar  position  as  inhabitants  of  the  land — Of  those  occasioned  by  our  not 
seeing  subterranean  changes  now  in  progress— All  these  causes  combine  to  make 
the  farmer  coune  of  Naturo  appear  different  from  tho  present — ^Objections  to 
the  doctrine,  that  causes  simiW  in  kind  and  energy  to  those  now  acting,  hare 
produced  the  former  changes  of  the  earth^s  surface,  considered. 

If  we  reflect  on  the  history  of  the  progress  of  ge<>logy,  as  explained 
in  the  preceding  chapters,  we  perceive  that  there  have  been  great  fluc- 

*  Niebohr's  Hist,  of  Rome,  vol  i.  p.  5.    Hare  and  Thirlwall'a  translatioa 
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tuations  of  opinion  respecting  the  nature  of  tbe  causes  to  which  all 
former  changes  of  the  earth's  surface  are  referable.  The  first  obsenr- 
ers  oonceiTed'  the  monuments  which  the  geologist  endeaYors  to  decipher 
to  relate  to  an -original  state  of  the  earth,  or  to  a  period  when  there 
were  causes  in  actiyity,  distinct,  in  kind  and  degree,  from  those  now 
constituting  the  economy  of  nature.  These  views  were  gradually  mod- 
ified, and  some  of  them  entirely  abandoned,  in  proportion  as  observa- 
dons  were  multiplied,  and  the  signs  of  former  mutations  more  skilfully 
interpreted.  Many  appearances,  which  had  for  a  long  time  been  re- 
garded as  indicating  mysterious  and  extraordinary  agency,  were  finally 
recognissed  as  the  necessary  result  of  the  laws  now  governing  the  mate- 
rial world ;  and  the  discovery  of  this  unlooked-for  conformity  has  at 
length  induced  some  philosophers  to  infer,  that,  during  the  ages  contem- 
plated in  geology,  there  has  never  been  any  interruption  to  the  sgency 
of  the  same  uniform  laws  of  change.  The  same  assemblage  of  general 
causes,  they  conceive,  may  have  been  sufficient  to  produce,  by  their 
various  combinations,  the  endless  diversity  of  effects,  of  which  the  shell 
of  the  earth  has  preserved  the  memorials ;  and,  consistently  with  these 
principles,  the  recurrence  of  analogous  changes  is  expected  by  them  in 
time  to  come. 

Whether  we  coincide  or  not  in  this  doctrine,  we  must  admit  that  the 
gradual  progress  of  opinion  concerning  the  succession  of  phenomena  in 
very  remote  eras,  resembles,  in  a  singular  manner,  that  which  has  ac- 
companied  the  growing  intelligence  of  every  people,  in  regard  to  the 
economy  of  nature  in  their  own  times.  In  an  early  state  of  advance- 
ment, when  a  great  number  of  natural  appearances  are  unintelligible, 
an  eclipse,  an  earthquake,  a  flood,  or  the  approach  of  a  comet,  with 
many  other  occurrences  afterwards  found  to  belong  to  the  regular 
course  of  events,  are  regarded  as  prodigies.  The  same  delusion  pre- 
vails as  to  moral  phenomena,  and  many  of  these  are  ascribed  to  the 
intervention  of  demons,  ghosts,  witches,  and  other  immaterial  and 
supernatural  agents.  By  degrees,  many  of  the  enigmas  of  the  moral 
and  physical  world  are  explained,  and,  instead  of  being  due  to  extrinsic 
and  irregular  causes,  they  are  found  to  depend  on  fixed  and  invariable 
laws.  The  philosopher  at  last  becomes  convinced  of  the  undeviating 
uniformity  of  secondary  causes ;  and,  guided  by  his  faith  in  this  princi- 
ple, he  determines  the  probability  of  accounts  transmitted  to  him  oi 
former  occurrences,  and  often  rejects  the  fabulous  tales  of  former  times, 
on  the  ground  of  their  being  irreconcilable  with  the  experience  of  more 
enlightened  ages. 

Prepo8ie89wns  in  regard  to  the  duration  of  past  time. — ^As  a  belief  in 
the  want  of  conformity  m  the  causes  by  which  the  earth's  crust  has 
been  modified  in  ancient  and  modem  periods  was,  for  a  long  time,  uni- 
versally prevalent,  and  that,  too,  amongst  men  who  were  convinced  that 
the  order  of  nature  bad  been  uniform  for  the  last  several  thousand 
years,  every  circumstance  which  could  have  influenced  their  minds  and 
'*'^en  an  undue  bias  to  their  opinions  deserves  particular  attention. 
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Now  the  reader  may  easOj  satisfy  himaelf,  that,  howeTer  undeTiath^ 
the  course  of  nature  may  have  been  from  the  eariiest  epochs,  it  was 
hnpossible  for  the  first  cultivators  of  gecAogy  to  come  to  such  a  condn- 
ston,  so  long  as  they  were  under  a  delusion  as  to  the  age  of  the  world, 
and  the  date  of  the  first  creation  of  animate  beings.  However  fantas- 
tical some  theories  of  the  sixteenth  century  may  now  appear  to  us» — 
however  unworthy  of  men  of  great  talent  and  sound  judgment, — ^wey- 
may  rest  assured  that,  if  the  same  misconception  now  prevailed  in  re- 
gaid  to  the  memorials  of  human  transactions,  it  would  give  rise  to  a 
similar  train  of  absurdities.  Let  us  imagine,  for  example,  that  Champol- 
hon,  and  the  French  and  Tuscan  literaU  lately  engaged  in  exploring  the 
antiqmties  of  Egypt,  had  visited  that  country  with  a  firm  belief  that  the 
banks  of  the  Nile  were  never  peopled  by  the  human  race  before  the  be- 
ginmi^  of  the  nineteenth  century,  and  that  thdr  faith  in  this  dogma  was 
as  difficult  to  shake  as  the  opinion  of  our  ancestors  that  the  earth  was 
never  the  abode  of  living  beings  until  the  creation  of  the  present  conti- 
nents, and  of  the  species  now  exi8ting,-^t  is  easy  to  perceive  what 
extravagant  systems  they  would  frame,  whQe  under  the  influence  of  this 
deluaon,  to  account  fn-  the  monuments  discovered  in  Egypt.  The 
sight  of  the  pyramids,  obelisks,  colossal  statues,  and  ruined  temples, 
would  fill  them  with  such  astonishment,  that  for  a  time  they  would  be 
as  men  spell-bound — ^wholly  incapable  of  reasoning  with  sobriety.  They 
might  incline  at  first  to  refer  the  construction  of  such  stupendous 
works  to  some  superhuman  powers  of  a  primeval  world.  A  system 
might  be  invented  resembling  that  so  gravely  advanced  by  Manetho, 
who  relates  that  a  dynasty  of  gods  originally  ruled  in  Egypt,  of  whom 
Vulcan,  the  first  monarch,  reigned  nine  thousand  years ;  after  whom 
came  Hercules  and  other  demigods,  who  were  at  last  succeeded  by 
human  kings. 

When  some  fanciful  speculations  of  this  kind  had  amused  their  ima- 
ginations for  a  time,  some  vast  repository  of  mummies  would  be  dis- 
covered, and  would  immediately  undeceive  those  antiquaries  who  en- 
joyed an  opportunity  of  personally  examining  them ;  but  the  prejudices 
of  others  at  a  distance,  who  were  not  eye-witnesses  of  the  whole  phe- 
nomena, would  not  be  so  easily  overcome.  The  concurrent  report  of 
many  traveller^  would,  indeed,  render  it  necessary  for  them  to  accom- 
modate ancient  theories  to  some  of  the  new  fiicts,  and  much  wit  and 
ingenuity  would  be  required  to  modify  and  defend  their  old  positions. 
Each  new  invention  would  violate  a  greater  number  of  known  analogies ; 
for  if  a  theory  be  required  to  embrace  some  false  principle,  it  becomes 
more  visionary  in  proportion  as  facts  are  multiplied,  as  would  be  the 
case  if  geometers  were  now  required  to  form  an  astronomical  system  on 
the  assumption  of  the  immobility  of  the  earth. 

Amongst  other  fanciful  conjectures  concerning  the  history  of  Egypt, 
we  may  suppose  some  of  the  following  to  be  started.  ''As  the  banks 
of  the  Nile  have  been  so  recently  colonized  for  the  first  time,  the  curi- 
ous substances  called  mummies  could  never  in  reality  have  belonged  to 
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men.  They  may  have  been  generated  by  some  plastie  tnriue^  residing 
m  the  interior  of  the  earth,  or  they  may  be  abortions  of  Nature  pro* 
duoed  by  her  incipient  efforts  in  the  work  of  creation.  For  if  deformed 
beings  are  sometimes  bom  even  now,  when  the  scheme  of  the  universe 
is  fuHy  developed,  many  more  may  have  been  '  sent  before  their  time, 
scarce  half  made  up/  when  the  planet  itself  was  in  the  embryo  state. 
But  if  these  notions  appear  to  derogate  from  the  perfection  of  the 
Divine  attributes,  and  if  these  mummies  be  in  all  their  parts  true  repre- 
sentations of  the  human  form,  may  we  not  refer  them  to  .the  future 
rather  than  the  past  ? — ^May  we  not  be  looking  into  the  womb  of  Nature, 
and  not  her  grave  ?  May  not  these  images  be  like  the  shades  of  the 
unborn  in  Virgil's.  Elysium — the  archetypes  of  men  not  yet  called  into 
existence  ?" 

These  speculations,  if  advocated  by  eloquent  writers,  would  not  fail 
to  attract  many  zealous  votaries,  for  they  would  relieve  men  from  the 
painful  necessity  of  renouncing  preconceived  opinions.  Incredible  as 
such  skepticism  may  appear,  it  has  been  rivalled  by  many  systems  of 
the  sixteenth  and  seventeenth  centuries,  and  among  others  by  that  <^ 
the  learned  Falloppio,  who  regarded  the  tusks  of  fossil  elephants  as 
earthy  concretions,  and  the  pottery  or  fmgments  of  vases  in  the  Monte 
Testaceo,  near  Rome,  as  works  of  nature,  and  not  of  art  But  when 
one  generation  had  passed  away,  and  another,  not  compromised  to  the 
support  of  antiquated  dogmas,  had  succeeded,  they  would  review  the 
evidence  afforded  by  mummies  more  impartially,  and  would  no  longer 
controvert  the  preliminary  question,  that  human  beings  had  lived  in 
Egypt  before  the  nineteenth  century :  so  that  when  a  hundred  years  per- 
haps had  been  lost,  the  industry  and  talents  of  the  philosopher  would 
be  at  last  directed  to  the  elucidation  of  points  of  real  historical  importance. 

But  the  above  arguments  are  aimed  against  one  only  of  many  pre- 
judices with  which  the  earlier  geologists  had  to  contend.  Even  when 
they  conceded  that  the  earth  had  been  peopled  with  animate  beings  at 
an  earlier  period  than  was  at  first  supposed,  they  had  no  conception  that 
the  quantity  of  time  bore  so  great  a  proportion  to  the  historical  era  as 
is  now  generally  conceded.  How  fatsd  every  error  as  to  the  quantity  of 
time  must  prove  to  the  introduction  of  rational  views  concerning  the 
state  of  things  in  former  ages,-inay  be  conceived  by  supposing  the  an- 
nals of  the  civil  and  military  transactions  of  a  great  nation  to  be  perused 
under  the  impression  that  they  occurred,  in  a  period  of  one  hundred  in- 
stead of  two  thousand  years.  Such  a  portion  of  history  would  imme- 
diately assume  the  air  of  a  romance ;  the  events  would  seem  devoid  of 
credibility,  and  inconsistent  with  the  present  course  of  human  affiiirs. 
A  crowd  of  incidents  would  follow  each  other  in  thick  succession.  Ar- 
mies and  fleets  would  appear  to  be  assembled  only  to  be  destroyed,  and 
cities  built  merely  to  fall  in  ruins.  There  would  be  the  most  violent 
transitions  from  foreign  or  intestine  war  to  periods  of  profound  peace, 
and  the  works  effected  during  the  years  of  disorder  or  tranquillity  would 
appear  alike  superhuman  in  magnitude. 
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He  wlio  should  stodj  the  monnmente  of  the  natural  vorld  under  the 
mfluenoe  of  a  shnliar  infatuation,  must  draw  a  no  less  exaggerated  pic- 
tare  of  the  energy  and  violence  of  causes,  and  must  experience  the 
same  iDsmmountable  difficulty  in  reconciling  the  former  and  present 
state  of  nature.  If  we  could  behold  in  one  riew  all  the  yolcanic  cones 
thrown  up  in  Iceland,  Italy,  Sicily,  and  other  ^arts  of  Europe,  during 
the  last  five  thousand  years,  and  could  see  the  layas  which  have  flowed 
during  the  same  period ;  the  dislocations,  subsidences,  and  elevations 
caused  during  earthquakes;  the  lands  added  to  various  deltas,  or  de- 
voured by  the  sea,  together  with  the  effects  of  devastation  by  floods, 
and  imagine  thai  all  these  events  had  happened  in  one  year,  we  must 
fons  most  exalted  ideas  of  the  activity  of  the  agents,  and  the  sudden- 
ness of  the  revolutions.  Were  an  equal  amount  of  change  to  pass  be- 
fore our  eyes  in  the  next  year,  could  we  avoid  the  conclusion  that  some 
great  crisis  of  nature  was  at  hand  ?  If  geologists,  therefore,  have  mis- 
interpreted the^igns  of  a  succession  of  events,^  so  as  to  conclude  that 
centuries  were  implied  where  the  characters  imported  thousands  of 
years,  and  thousands  of  years  where  the  langua^  of  Nature  signified 
millions,  they  could  not,  if  they  reasoned  logicfilly  from  such  false  prem- 
ises, come  to  any  other  conchision  than  that  the  system  of  the  natural 
world  had  undergone  a  complete  revolution. 

•  We  should  be  warranted  in  ascribing  the  erection  of  the  great  pyra- 
mid to  superhuman  power,  if  we  were  convinced  that  it  was  ndsed  in 
one  day ;  and  if  we  imagine,  in  the  same  manner,  a  continent  or  moun- 
tam-chain  to  have  been  elevated  during  an  equally  small  fraction  of  the 
time  which  was  really  occupied  in  upheaving  it,  we  might  then  be 
justified  in  infening,  that  the  subterranean  movements  were  once  far 
more  energetic  than  in  our  own  times.  We  know  that  during  one 
earthquake  the  coast  of  Chili  may  be  raised  for  a  hundred  miles  to  the 
average  height  of  about  three  feet  A  repetition  of  two  thousand 
shocks,  d  equal  violence,  might  produce  a  mountain-chain  one  hun- 
dred miles  long,  and  six  thousand  feet  high.  Now,  should  one  or  two 
only  of  these  convulsions  happen  in  a  century,  it  would  be  consistent 
with  the  order  of  events  experienced  by  the  Chilians  from  the  earliest 
times ;  but  if  the  whole  of  them  were  to  occur  in  the  next  hundred 
years,  the  entire  distiict  must  be  depopulated,  scarcely  any  animals  or 
plants  could  survive,  and  the  surface  would  be  one  confused  heap  of 
mm  and  desolation. 

One  consequence  of  undervaluing  greatly  the  quantity  of  past  time, 
b  the  apparent  coincidence  which  it  occasions  of  events  necessarily  dis- 
connected, or  which  are  so  unusual,  t^at  it  would  be  inconsistent  with 
all  calculation  of  chances  to  suppose  them  to  happen  at  one  and  tho 
same  time.  When  the  unlooked-for  association  of  such  rare  phenomena 
is  witnessed  in  the  present  course  of  nature,  it  scarcely  ever  fails  to 
e«oile  a  suspicion  of  the  preternatural  in  those  minds  which  are  not 
firmly  convinced  of  tiie  unifonn  agency  of  secondary  causes ; — as  if  the 
death  <^  some  individual  in  whose  fate  th^  are  interested  happens  to 
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be  accompanied  by  the  appearance  of  a  luminous  meteor,  or  a  comet,  oi 
the  shock  of  an  earthquake.  It  would  be  only  necessary  to  multiply 
such  coincidences  indefinitely,  and  the  mind  of  every  philosopher  would 
be  disturbed.  Now  it  would  be  difficult  to  exaggerate  the  number  of 
physical  events,  many  of  them  most  rare  and  unconnected  in  their  na- 
ture, which  were  imagined  by  the  Woodwardian  hypothesis  to  have 
happened  in  the  course  of  a  few  months ;  and  numerous  other  examples 
might  be  found  of  popular  geological  theories,  which  require  us  to  im- 
agine that  a  long  succession  of  events  happened  in  a  brief  and  almost 
momentary  period. 

Another  liability  to  error,  very  nearly  allied  to  the  former,  arises  from 
the  frequent  contact  of  geological  monuments  referring  to  very  distant 
periods  of  time.  We  often  behold,  at  one  glance,  the  effects  of  causes 
which  have  acted  at  times  incalculably  remote,  and  yet  there  may  be  no 
striking,  circumstances  to  mark  the  occurrence  of  a  great  chasm  in  the 
chronological  series  of  Nature's  archives.  In  the  vast  interval  of  time 
which  may  really  have  elapsed  between  the  results  of  operations  thus 
compared,  the  physical  condition  of  the  earth  may,  by  slow  and  insen- 
sible modifications,  have  become  entirely  altered  ;  one  or  moro  races  of 
organic  beings  may  have  passed  away,  and  yet  have  left  behind,  in  the 
particular  region  under  contemplation,  no  trace  of  their  existence. 

To  a  mind  unconscious  of  these  intermediate  events,  the  passage  from 
one  state  of  things  to  another  must  appear  so  violent,  that  the  idea  of 
revolutions  in  the  system  inevitably  suggests  itself.  The  imagination  is 
as  much  perplexed  by  the  deception,  as  it  might  be  if  two  distant  points 
in  space  were  suddenly  brought  into  immediate  proximity.  Let  us 
suppose,  for  a  moment,  that  a  philosopher  should  lie  down  to  sleep  in 
some  arctic  wilderness,  and  then  be  transferred  by  a  power,  such  as  we 
read  of  in  tales  of  enchantment,  to  a  valley  in  a  tropical  country,  where, 
on  awaking,  he  might  find  himself  surrounded  by  birds  of  brilliant  plu- 
mage, and  all  the  luxuriance  of  animal  and  vegetable  forms  of  which 
Nature  is  so  prodigal  in  those  regions.  The  most  reasonable  supposi- 
tion, perhaps,  which  he  could  make,  if  by  the  necromancer's  art  he  were 
placed  in  such  a  situation,  would  be,  that  he  was  dreaming ;  and  if  a 
geologist  form  theories  under  a  similar  delusion,  we  cannot  expect  him 
to  preserve  more  consistency  in  his  speculations  than  in  the  train  of  ideas 
in  an  ordinary  dream. 

It  may  afford,  perhaps,  a  lively  illustration  of  the  principle  here  insist- 
ed upon,  if  I  recall  to  the  reader's  recollection  the  l^end  of  the  Seven 
Sleepers.  The  scene  of  that  popular  fable  was  placed  in  the  two  centu- 
ries which  elapsed  between  the  reign  of  the  emperor  Decius  and  the 
death  of  Theodosius  the  younger.  In  that  interval  of  time  (between 
the  years  249  and  450  of  our  era)  the  union  of  the  Roman  Empire  had 
been  dissolved,  and  some  of  its  fairest  provinces  overrun  by  the  barba- 
rians of  the  north.  The  seat  of  government  had  passed  from  Rome  to 
Constantinople,  and  the  throne  from  a  pagan  persecutor  to  a  succession 
Df  Christian  and  orthodox  princes.    The  genius  of  the  empire  had  been 
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humbled  in  tbe  dust,  and  the  altars  of  Diana  and  Hercules  were  on  the 
point  of  being  transferred  to  Catholic  saints  and  martyrs.  The  legend 
relates,  "  that  when  Decius  was  still  persecuting  the  Christians,  seven 
noble  youths  of  Ephesus  concealed  themselves  in  a  spacious  cavern  in 
the  side  of  an  adjacent  mountain,  where  they  were  doomed  to  perish 
by  the  tyrant^  who  gave  orders  that  the  entrance  should  be  firmly  se- 
cured with  a  pile  of  huge  stones.  They  immediately  fell  into  a  deep 
slumber,  which  was  miraculously  prolonged,  without  injuring  the  powers 
of  life,  during  a  period  of  187  years.  At  the  end  of  that  time  the 
slaves  of  Adolius,  to  whom  the  inheritance  of  the  mountain  had  descend- 
ed, removed'the  stones  to  supply  materials  for  some  rustic  edifice  :  the 
light  of  the  sun  darted  into  the  cavern,  and  the  Seven  Sleepers  were 
permitted  to  awake.  After  a  slumber,  as  they  thought,  of  a  few  hours, 
they  were  pressed  by  the  calls  of  hunger,  and  resolved  that  Jambli- 
chus,  one  of  their  number,  should  secretly  return  to  the  city  to  pur- 
chase bread  for  the  use  of  his  companions.  The  youth  could  no  longer 
recognize  the  once  familiar  aspect  of  his  native  country,  and  hb  surprise 
was  increased  by  the  appearance  of  a  large  cross  triumphantly  erected 
over  the  principal  gate  of  Ephesus.  His  singukr  dress  and  obsolete 
language  confounded  the  baker,  to  whom  he  offered  an  ancient  medal 
of  Decius  as  the  current  coin  of  the  empire  ;  and  Jamblichus,  on  the 
suspicion  of  a  secret  treasure,  was  dragged  before  the  judge.  Their 
mutual  inquiries  produced  the  amamg  discovery,  that  two  centuries 
were  almost  elapsed  since  Jamblichus  and  his  friends  had  escaped  from 
the  rage  of  a  pagan  tyrant."* 

This  legend  was  received  as  authentic  throughout  the  Christian  world 
before  the  end  of  the  sixth  century,  and  was  afterwards  introduced  by 
Mahomet  as  a  divine  revelation  into  the  Koran,  and  from  hence  was 
adopted  and  adorned  by  all  the  nations  from  Bengal  to  Africa  who  pro- 
fessed the  Mahometan  fisuth.  Some  vestiges  even  of  a  similar  tradition 
have  been  discovered  in  Scandinavia.  "  This  easy  and  universal  belief," 
observes  the  philosophical  historian  of  the  Decline  and  Fall,  **  so  expres- 
sive of  the  sense  of  mankind,  may  be  ascribed  to  the  genuine  merit  of 
the  fable  itself.  We  imperceptibly  advance  from  youth  to  age,  without 
observing  the  gradual,  but  meessant,  change  of  human  affairs ;  and  even, 
m  our  larger  experience  of  history,  the  imagination  is  accustomed,  by  a 
perpetual  series  of  causes  and  effects,  to  unite  the  most  distant  revolu- 
tions. But  if  the  interval  between  two  memorable  eras  could  be  in- 
stantly annihilated ;  if  it  were  possible,  after  a  momentary  slumber  of 
two  hundred  years,  to  display  the  new  world  to  the  eyes  of  a  spectator 
who  still  retained  a  lively  and  recent  impression  of  the  old,  his  surprise 
and  his  reflections  would  furnish  the  pleasing  subject  of  a  philosophical 
romance."! 

Prefndices  arising  from  our  peculiar  position  <u  inhabitants  of  the 
land, — ^The  sources  of  prejudice  hitherto  coniudered  may  be  deemed 

*  Gibbon,  Decline  and  Fall,  chap,  zaodil  f  ^^  ^^^ 
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peculiar  for  the  most  part  to  the  infancy  of  the  science,  but  others  are 
common  to  the  first  cultivators  *of  geology  and  to  ourselves,  and  are  all 
singularly  calculated  to  produce  the  same  deception,  and  to  strengthen 
our  belief  that  the  course  of  nature  in  the  earlier  ages  differed  widely 
from  that  now  established.  Although  these  circumstances  cannot  be 
fully  explained  without  assuming  some  things  as  proved,  which  it  wiU 
be  the  object  of  another  part  of  this  work  to  demonstrate,  it  may  be 
well  to  allude  to  them  briefly  in  this  place. 

The  first  and  greatest  difficulty,  then,  consists  in  an  habitual  uncon* 
sciousness  that  our  position  as  observers  is  essentially  unfavorable,  when 
we  endeavor  to  estimate  the  nature  and  magnitude  of  the  changes  now 
m  progress.  In  consequence  of  our  inattention  to  this  subject,  we 
are  liable  to  serious  mistakes  in  contrasting  the  present  with  former 
states  of  the  globe.  As  dwellers  on  the  land,  we  inhabit  about  a  fourth 
part  of  the  surface  ;  and  that  portion  is  almost  exclu^vely  a. theatre  of 
decay,  and  not  of  reproduction.  We  know,  indeed,  that  new  deposits 
are  annually  formed  in  seas  and  lakes,  and  that  every  year  some  new 
igneous  rocks  are  produced  in  the  bowels  of  the  earth,  but  we  cannot 
watch  the  progress  of  their  formation ;  and  as  they  are  only  present  to 
our  minds  by  the  aid  of  reflection,  it  requires  an  efibrt  both  of  the  reason 
and  the  imagination  to  appreciate  duly  their  importance.  It  is,  there- 
fore, not  surprising  that  we  estimate  very  imperfectly  the  result  of  opera- 
tions thus  invisible  to  us ;  and  that,  when  analogous  results  of  former 
epochs  are  presented  to  our  inspection,  we  cannot  immediately  recog- 
nize the  analogy.  He  t?ho  has  observed  the  quarrying  of  stone  from  a 
rock,  and  has  seen  it  shipped  for  Bome  distant  port,  and  then  endeavors 
to  conceive  what  kind  of  edifice  will  be  raised  by  the  materials,  is  in  the 
same  predicament  as  a  geologist,  who,  while  he  is  confined  to  the  land, 
sees  the  decomposition  of  rocks,  and  the  transportation  of  matter  by 
rivers  to  the  sea,  and  then  endeavors  to  picture  to  himself  the  new  strata 
which  Nature  is  building  beneath  the  waters. 

Frejtidices  armng  from  our  not  seeing  subterranean  changes.-^l^ox  is 
his  position  less  unfavorable  when,  beholding  a  volcanic  eruption,  he 
tries  to  conceive  what  changes  the  column  of  lava  has  produced,  in  its 
passage  upwards,  on  the  intersected  strata ;  or  what  form  the  melted 
matter  may  assume  at  great  depths  on  cooling;  or  what  may  be  the  ex- 
tent of  the  subterranean  rivei-s  and  reservoirs  of  liquid  matter  far  be- 
neath the  surface.  It  should,  therefore,  be  remembered,  that  the  task 
imposed  on  those  who  study  the  earth's  history  requires  no  ordinary 
share  of  discretion ;  for  we  are  precluded  from  collating  the  correspond- 
ing parts  of  the  system  of  thmgs  as  it  exists  now,  and  as  it  existed  at 
former  periods,  If  we  were  inhabitants  of  another  element — ^if  the  great 
ocean  were  our  domain,  instead  of  the  narrow  limits  of  the  land,  our 
difficulties  would  be  considerably  lessened ;  while,  on  the  other  hand, 
there  can  be  little  doubt,  although  the  reader  may,  perhaps,  smile  at  the 
bare  suggestion  of  such  an  idea,  that  an  amphibious  bemg,  who  should 
possess  oiur  faculties,  would  still  more  easily  arrive  at  sound  theoretical 
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opinions  in  geology,  since  be  might  behold,  on  the  one  hand,  the  decom- 
position of  rocks  in  the  atmosphere,  or  the  transportation  of  matter  by 
rnnmng  water ;  and,  on  the  other,  examine  the  deposition  of  sediment 
in  the  sea,  and  the  imbedding  of  animal  and  vegetable  remains  in  new 
strata.  He  might  ascertain,  by  direct  observation,  the  action  of  a  moun- 
tain torrent,  as  well  as  of  a  marine  current ;  might  compare  the  products 
of  volcanoes  poured  out  upon  the  land  with  those  ejected  beneath  the 
waters ;  and  might  mark,  on  the  one  hand,  the  growth  of  the  forest, 
and,  on  the  other,  that  of  the  coral  reef.  Yet,  even  with  these  advan- 
tages, he  would  be  liable  to  fall  into  the  greatest  errors,  when  endeavor- 
ing to  reason  on  rocks  of  subterranean  origin.  He  would  seek  in  vain, 
within  the  sphere  of  his  observation,  for  any  direct  analogy  to  the  pro- 
cess of  their  formation,  and  would  therefore  be  in  danger  of  attributing 
them,  wherever  they  are  upraised  to  view,  to  some  ''  primeval  state  of 
nature." 

But  if  we  may  be  allowed  so  far  to  indulge  the  imagination,  as  to 
suppose  a  being  enth^ly  confined  to  the  nether  world — some  "  dusky 
melancholy  sprite,"  like  Umbriel,  who  could  "  flit  on  sooty  pinions  to 
the  central  earth,"  but  who  was  never  permitted  to  "  sully  the  fair  face 
of  light,"  and  emerge  into  the  regions  of  water  and  of  air ;  and  if  this 
being  should  bu^  himself  in  investigating  the  structure  of  the  globe,  he 
might  frame  theories  the  exact  converse  of  those  usually  adopted .  by 
human  philosophers.  He  might  infer  that  the  stratified  rocks,  contain- 
ing shells  and  other  organic  remains,  were  the  oldest  of  created  things, 
belonging  to  some  original  and  nascent  state  of  the  planet.  "  Of  these 
masses,"  he  might  say,  **  whether  they  consist  of  loose  incoheipnt  sand, 
soft  clay,  or  solid  stone,  none  have  been  formed  in  modem  times.  Every 
year  some  part  of  them  are  broken  and  shattered  by  earthquakes,  or 
melted  by  volcanic  fire ;  and  when  they  cool  down  slowly  from  a  state 
of  fusion,  they  assume  a  new  and  more  crystalline  form,  no  longer  exhib- 
iting that  stratified  disposition  and  those  curious  impressions  and  fan- 
tastic markings,  by  which  they  were  previously  characterized.  This 
process  cannot  have  been  carried  on  for  an  indefinite  time,  for  in  that 
case  all  the  stratified  rocks  would  long  ere  this  have  been  fused  and 
crystallized.  It  is  therefore  probable  that  the  whole  planet  once  con- 
sisted of  these  mysterious  and  curiously  bedded  formations  at  a  time 
when  the  volcanic  fire  had  not  yet  been  brought  into  activity.  Since 
that  period  there  seems  to  have  been  a  gradual  development  of  heat ; 
and  this  augmentation  we  may  expect  to  continue  till  the  whole  globe 
shajl  be  in  a  state  of  fluidity  and  incandescence." 

Such  might  be  the  system  of  the  Gnome  at  the  very  time  that  the 
followers  of  Leibnitz,  reasoning  on  what  they  saw  on  the  outer  surface, 
might  be  teaching  the  opposite  doctrine  of  gradual  refrigeration,  and 
averring  that  the  earth  had  begun  its  career  as  a  fiery  comet,  and  might 
be  destined  hereafter  to  become  a  frozen  mass.  The  tenets  of  the 
schools  of  the  nether  and  of  the  upper  world  would  be  directly  opposed 
to  each  other,  for  both  would  partake  of  the  prejudices  inevitably  re- 
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suiting  from  the  continual  contemplation  of  one  class  of  pnenomena  to 
the  exclusion  of  another.  Man  observes  the  annual  decomposition  of 
crystalline  and  igneous  rocks,  and  may  sometimes  see  their  conversion 
into  stratified  deposits ;  but  he  cannot  witness  the  reconver^on  of  the 
sedimentary  into  the  crystalline  by  subterranean  fire.  He  is  in  the  habit 
of  regarding  all  the  sedimentary  rocks  as  more  recent  than  the  unstrati- 
fied,  for  the  same  reason  that  we  may  suppose  him  to  fall  into  the  op- 
posite error  if  he  saw  the  origin  of  the  igneous  class  only. 

It  was  not  an  impossible  contingency,  that  astronomers  might  have 
been  placed  at  some  period  in  a  situation  much  resembling  that  in  which 
the  geologist  seems  to  stand  at  present.  If  the  Italians,  for  example,  in 
the  early  part  of  the  twelfth  century,  bad  discovered  at  Amalfi,  instead 
of  the  pandects  of  Justinian,  some  ancient  manuscripts  filled  with  as- 
tronomical observations  relating  to  a  period  of  three  thousand  years, 
and  made  by  some  ancient  geometers  who  possessed  optical  instruments 
as  perfect  as  any  in  modem  Europe,  they  would  probably,  on  consult- 
ing these  memorials,  have  come  to  a  conclusion  that  there  had  been  a 
great  revolution  in  the  solar  and  sidereal  systems.  ''Many  primary  and 
secondary  planets,"  they  might  say,  "  are  enumerated  in  Uiese  tables, 
which  exist  no  longer.  Their  positions  are  assigned  with  such  precision 
that  we  may  assure  ourselves  that  there  is  nothing  in  their  place  at  pres- 
ent but  the  blue  ether.  Where  one  star  is  visible  to  us,  these  docu- 
ments represent  several  thousands.  Some  of  those  which  are  now 
single  consisted  then  of  two  separate  bodies,  often  distinguished  by  dif- 
ferent colors,  and  revolving  periodically  round  a  common  centre  of  grav- 
ity. There  is  nothing  analogous  to  them  in  the  universe  at  present; 
for  they  were  neither  fixed  stars  nor  planets,  but  seem  to  have  stood  in 
the  mutual  relation  of  sun  and  planet  to  each  other.  We  must  con- 
clude, therefore,  that  there  has  occurred,  at  no  distant  period,  a  tre- 
mendous catastrophe,  whereby  thousands  of  worlds  have  been  annihi- 
lated at  once,  and  some  heavenly  bodies  absorbed  into  the  substance  of 
others." 

When  such  doctrines  had  prevailed  for  ages,  the  discovery  of  some 
of  the  worlds,  supposed  to  have  been  lost  (the  satellites  of  Jupiter,  for 
example),  by  aid  of  the  first  rude  telescope  invented  after  the  revival 
of  science,  would  not  dissipate  the  delusion,  for  the  whole  burden  of 
proof  would  now  be  thrown  on  those  who  insisted  on  the  stability  of 
the  system  from  a  remote  period,  and  these  philosophers  would  be  re- 
quired to  demonstrate  the  existence  of  all  the  worlds  said  to  have  been 
annihilated. 

Such  popular  prejudices  would  be  most  unfavorable  to  the  advance- 
ment of  astronomy ;  for,  instead  of  persevering  in  the  attempt  to  im- 
prove their  instruments,  and  laboriously  to  make  and  record  observa- 
tions, the  greater  number  would  despair  of  verifying  the  continued 
existence  of  the  heavenly  bodies  not  visible  to  the  naked  eye.  Instead 
of  confessing  the  extent  of  their  ignorance,  and  striving  to  remove  it  by 
bringing  to  light  new  facts,  they  would  indulge  in  the  more  easy  and 
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mdolent  employment  of  framing  ima^naiy  tbeoiies  concerning  catastro* 
phes  and  mighty  revolntions  in  the  system  of  the  universe. 

For  more  than  two  centuries  the  shelly  strata  of  the  Subapennine  hills 
afibrded  matter  of  speculation  to  the  early  geologists  of  Italy,  and  few 
of  them  had  any  suspicion  that  similar  deposits  were  then  forming  in 
the  neighboring  sea.  They  were  as  unconscious  of  the  continued  acdon 
of  causes  still  producing  similar  effects,  as  the  astronomers,  in  the  case 
above  supposed,  of  the  existence  of  ceitain  heavenly  bodies  still  giving 
and  reflecting  light,  and  performing  their  movements  as  of  old.  Some 
imagined  that  the  strata,  so  rich  in  oi^ganic  remains,  instead  of  being 
due  to  secondary  agents,  had  been  so  created  in  the  beginning  of  things 
by  the  fiat  of  the  Almighty.  Others,  a&  we  have  seen,  ascribed  the 
imbedded  fossil  bodies  to  some  plastic  power  which  resided  in  tho  earth 
in  the  early  ages  of  the  world.  In  what  manner  were  these  dogmas  at 
length  exploded  ?  The  fossil  relics  were  carefully  compared  with  their 
living  analogues,  and  all  doubts  as  to  their  organic  origin  were  event- 
ually dispelled.  So,  also,  in  regard  to  the  nature  of  the  containing 
beds  of  mud,  sand,  and  limestone :  those  parts  of  the  bottom  of  the  sea 
were  examined  where  shells  are  now  becoming  annually  entombed  in 
new  deposits.  Donati  explored  the  bed  of  the  Adriatic,  and  found  the 
closest  resemblance  between  the  strata  there  formmg,  and  those  which 
constituted  hills  above  a  thousand  feet  high  in  various  parts  of  the 
Italian  peninsula.  He  ascertained  by  dredging  that  living  testacea 
were  there  grouped  together  in  precisely  the  same  manner  as  were 
their  fossil  analogues  in  the  inland  strata;  and  while  some  of  the  recent 
shells  of  the  Adriatic  were  becoming  incrusted  with  calcareous  rock,  he 
observed  that  others  had  been  newly  buried  in  sand  and  clay,  precisely 
as  fossil  shells  occur  in  the  Subapennine  hills.  This  discovery  of  the 
identity  of  modem  and  ancient  submarine  operations  was  not  made 
without  the  aid  of  artificial  instniments,  which,  like  the  telescope, 
brought  phenomena  into  view  not  otherwise  within  the  sphere  of  human 
observation. 

In  like  manner,  the  volcanic  rocks  of  the  Vicentin  had  been  studied 
in  the  beginning  of  the  last  century ;  but  no  geologist  suspected,  before 
the  time  of  Arduino,  that  these  were  composed  of  ancient  submarine  lavas. 
During  many  years  of  controversy,  the  popular  opinion  inclined  to  a  be- 
lief that  basalt  and  rocks  of  the  same  class  had  been  precipitated  from  a 
chaotic  fluid,  or  an  ocean  which  rose  at  successive  periods  over  the  con- 
tinents, charged  with  the  component  elements  of  the  rocks  in  question. 
Few  will  now  dispute  that  it  would  have  been  difficult  to  invent  a  theory 
more  distant  from  the  truth ;  yet  we  must  cease  to  wonder  that  it  gained 
so  many  proselytes,  when  we  remember  that  its  claims  to  probability  arose 
partly  from  the  very  circumstance  of  its  confirming  the  assumed  want  of 
analogy  between  geological  causes  and  those  now  in  action.  By  what  train 
of  investigations  were  geologists  induced  at  length  to  reject  these  views, 
and  to  assent  to  the  igneous  origin  of  the  trappean  formations  ?    By  an 
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examination  of  yokanoea  now  active,  and  by  comparing  their  straotare 
and  the  composition  of  their  lavas  with  the  ancient  tcap*rocks. 

The  establishment,  from  time  to  time,  of  numerous  points  of  identifica- 
tion, drew  at  length  from  geologists  a  reluctant  admission,  that  there  was 
more  correspondence  between  the  condition  of  the  globe  at  remote  eras 
and  now,  and  more  uniformity  in  the  laws  which,  have  regulated  the 
changes  of  its  surface,  than  they  at  first  imagined.  If,  in  this  state  of  the 
science,  they  still  despaired  of  reconciling  every  class  of  geological  phe- 
nomena to  the  operations  of  ordinary  causes,  even  by  straining  analogy  to 
the  utmost  limits  of  credibility,  we  might  have  expected,  at  least,  that  the 
balance  of  probability  would  now  have  been  presumed  to  incline  towards 
the  close  analogy  of  the  ancient  and  modem  causes.  But,  after  repeated 
experience  of  the  Mure  of  attempts  to  speculate  on  geoiogtcal  monuments, 
as  belonging  to  a  distinct  order  of  things,  new  sects  continued  to  perse- 
vere in  the  principles  adopted  by  then-  predecessors.  They  still  began,  as 
each  new  problem  presented  itself,  whether  relating  to  the  animate  or  in- 
animate world,  to  assume  an  original  and  dissimilar  order  of  nature ;  and 
when  at  length  they  approximated,  or  entirely  came  round  to  an  opposite 
opinion,  it  was  al  wap  with  the  feeling,  that  they  were  concedingivhat  they 
had  been  justified  h  priori  in  deeming  improbable.  In  a  word,  the  same 
men  who,  as  natural  philosophers,  would  have  been  most  incredulous  re- 
specting any  extraordinary  deviations  from  the  known  course  of  nature,  if 
reported  to  have  happened  in  their  own  time,  were  equally  disposed,  as  ge- 
ologists, to  expect  the  proofe  of  such  deviations  at  every  period  of  the  past. 

I  shall  proceed  In  the  following  chapters  to  enumerate  some  of  the  prm- 
cipal  difficulties  stiU  opposed  to  the  theory  of  the  uniform  nature  and  ener- 
gy of  the  causes  which  have  worked  successive  changes  in  the  crust  of  the 
earth,  and  in  the  condition  of  its  living  inhabitants.  The  discussion  of  so 
important  a  question  on  the  present  occasion  may  appear  premature,  but 
it  is  one  which  naturally  arises  out  of  a  review  of  the  former  hi^ry  of 
the  science.  It  is,  of  course,  impossible  to  enter  into  such  speculative 
topics,  without  occasionally  carrying  the  novice  beyond  his  depth,  and 
appealing  to  facts  and  conclusions  with  which  he  will  be  unacquainted, 
until  he  has  studied  some  elementary  work  on  geology,  but  it  ooay  be 
useful  to  excite  his  curiosity,  and  lead  him  to  study  such  works  by  call- 
ing his  attention  at  once  to  some  of  the  principal  points  of  controversy.* 

*  In  the  earlier  editions. of  this  work,  a  fourth  book  was  added  oo  Geology 
Proper,  or  Systematic  Geolo^,  containing  an  account  of  the  former  changes  ot 
the  animate  and  inanimate  creation,  brought  to  light  by  an  examination  of  the 
crust  of  the  earth.  This  I  afterwards  (in  1888)  expanded  into  a  separate  publi- 
cation called  the  Elements  or  Manual  Geology,  of  which  a  fourth  edition  ap- 
peared December,  1851. 
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Climate  of  the  Northtm  hemisphere  formerly  different. — ^Proofs  of 
former  revolutions  in  climate,  as  deduced  from  fossil  lemfuns,  have  af- 
forded one.of  the  most  popular  objections  to  the  theory  which  endeav- 
ors to  explain  all  geological  changes  by  reference  to  those  novr  in 
progress  on  the  earth.  The  probable  causes,  therefore,  of  fluctuations 
in  climate,  may  first  be  treated  oL 

That  the  climate  of  the  Northern  hemisphere  has  undergone  an  im- 
portant change,  and  that  its  mean  annual  temperature  must  once  have 
more  nearly  resembled  that  now  experienced  within  the  tropics,  was  the 
opinion  of  some  of  the  first  naturalists  who  investigated  the  contents  of 
the  ancient  strata.  Theu*  conjecture  became  more  probable  when  the 
shells  and  corals  of  the  older  tertiary  and  many  secondary  rocks  were 
carefully  examined  ;  for  the  organic  remains  of  these  formations  were 
found  to  be  intimately  connected  by  generic  affinity  with  species  now 
living  in  wanner  latitudes.  At  a  later  period,  many  reptiles,  such  as 
turtles,  tortoises,  and  large  saurian  animals,  were  discovered  in  Euro- 
pean formations  in  great  abundance ;  and  they  supplied  new  and  power- 
ful arguments,  from  analogy,  m  support  of  the  doctrine,  that  the  heat 
of  the  climate  had  been  great  when  our  secondary  strata  were  deposited. 
Lastly,  when  the  botanist  turned  his  attention  to  the  specific  determina- 
tioa  of  fossil  plants,  the  evidence  acquired  still  fuller  confirmation ;  for 
the  flora  of  a  country  is  peculiarly  influenced  by  temperature :  and  the 
ancient  vegetation  of  the  earth  might  have  been  expected  more  readily 
than  the  forms  of  animals,  to  have  afforded  conflicting  proofs,  had  the 
popular  theory  been  without  foundation.  When  the  examination  of  fos- 
sil remains  was  extended  to  rocks  in  the  most  northern  parts  of  Europe 
and  North  America,  and  even  to  the  Arctic  regions,  indications  of  the 
lame  revolution  in  climate  were  discovered. 

It  cannot  be  said,  that  in  this,  as  in  many  other  departments  of 
g^logj,  we  have  investigated  the  phenomena  of  former  eras,  and  neg- 
lected those  of  the  present  state  of  things.  On  the  contrary,  since  the 
fiist  agitation  of  this  interesting  question,  the  accessions  to  our  knowl- 
edge of  living  animals  and  plants  have  been  immense,  and  have  far 


74  CHANGE   OF  CLQCATE.  [Ce.  VL 

surpassed  all  the  data  previously  obtained  for  generaliang  on  the  rela- 
tion of  certain  types  of  organizatbn  to  particular  climates.  The  tropicai 
and  temperate  zones  of  South  America  and  of  Australia  have  been  ex- 
plored ;  and,  on  close  comparison,  it  has  been  found  that  scarcely  any 
of  the  species  of  the  animate  creation  in  these  extensive  continents  are 
identical  with  those  inhabiting  the  old  world.  Yet  the  zoologist  and 
botanist,  well  acquainted  with  the  geographical  distribution  of  organic 
beings  in  other  parts  of  the  globe,  would  have  been  able,  if  distinct 
groups  of  species  had  been  presented  to  them  from  these  regions,  to 
recognize  those  which  had  been  collected  from  latitudes  within,  and 
those  which  were  brought  from  without  the  tropics. 

Before  I  attempt  to  explain  the  pit>bable  causes  of  great  vicissitudes 
of  temperature  on  the  earth's  surface,  I  shall  take  a  rapid  view  of  some 
of  the  principal  data  which  appear  to  support  the  popular  opinions  now 
entertained  on  the  subject.  To  insist  on  the  soundness  of  these  infer- 
ences, is  the  more  necessary,  because  some  zoologists  have  undertaken  to 
vindicate  the  uniformity  of  the  laws  of  nature,  not  by  accounting  for 
former  fluctuations  in  climate,  but  by  denying  the  value  of  the  evidence 
in  thdr  favor.* 

Proofs  from  fossil  shells  in  tertiary  strata. — ^In  Sicily,  Calabria,  and 
in  the  neighborhood  of  Naples,  the  fossil  testacea  of  the  most  modem 
tertiary  formations  belong  almost  entirely  to  species  now  inhabiting  the 
Mediterranean ;  but  as  we  proceed  northwards  in  the  Italian  peninsula 
we  find  in  the  strata  called  Subapennine  an  assemblage  of  fossil  shells 
departing  somewhat  more  widely  from  the  type  of  the  neighboring 
seas.  The  proportion  of  species  identifiable  vnth  those  now  living  in 
the  Mediterranean  is  still  considerable ;  but  it  no  longer  predominates, 
as  in  the  South  of  Italy  and  part  of  Sicily,  over  the  unknown  species. 
Although  occurring  in  localities  which  are  removed  several  degrees  far- 
ther from  the  equator  (as  at  Sienna,  Parma,  Asti,  &c.),  the  shells  yield 
clear  indications  of  a  warmer- climate.  This  evidence  is  of  great  weight, 
and  is  not  neutralized  by  any  facts  of  a  conflicting  character ;  such,  for 
instance,  as  the  association,  in  the  same  group,  of  individuals  referable 
to  species  now  confined  to  arctic  regions.  Whenever  any  of  the  fossil 
shells  are  identified  with  living  species  foreign  to  the  Mediterranean,  it 
is  not  in  the>  Northern  Ocean,  but  nearer  the  tropics,*  that  they  must  be 
sought :  on  the  other  hand,  the  associated  unknown  species  belong,  for 
the  most  part,  to  genera  which  are  now  most  largely  developed  in  equi- 
noctial regions,  as,  for  example,  the  genera  Cancellaria,  Cassidaria, 
Pleurotoma,  Oonus,  and  Cyprsea. 

On  comparing  the  fossils  of  the  tertiary  deposits  of  Paris  and  London 
with  those  of  Bourdeaux,  and  these  again  with  the  more  modem  strata 
of  Sicily,  we  should  at  first  expect  that  they  would  each  indicate  a 
higher  temperature  in  proportion  as  they  are  situated  farther  to  the 

•  See  two  articles  by  the  Rev.  Dr.  Fleming,  in  the  Ediobargh  New  PhiL 
Jonm.  Xfo.  zii  p.  277,  April,  1829  ;  and  Ka  xv.  p^  66,  Jan.  1880. 
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south.  Bat  the  contrary  is  true ;  of  the  shells  helongiog  to  these  seve- 
ral groups,  whether  freshwater  or  marine,  some  are  of  extinct,  others  of 
living  species.  Those  found  in  the  older,  or  Eocene,  deposits  of  Paris 
and  London,  although  six  or  seven  degrees  to  the  north  of  the  Miocene 
strata  at  Bourdeaux,  aflford  evidence  of  a  wanner  climate ;  while  those 
of  Bourdeaux  impljr  that  the  sea  in  which  they  lived  was  of  a  higher 
temperature  than  that  oi  Sicily,  where  the  shelly  strata  were  formed  six 
or  seven  degrees  nearer  to  the  equator.  In  these  cases  the  greater  an- 
tiquity of  the  several  fonnations  (the  Parisian  heing  the  oldest  and  the 
Sicilian  the  newest)  has  more  than  counterbalanced  the  influence  which 
latitude  would  otherwise  exert,  and  this  phenomenon  clearly  pomts  to  a 
gradual  and  successive  refngeration  of  climate. 

Siberian  Mammoihi. — It  will  naturally  be  asked,  whether  some  recent 
geological  discoveries  bringing  evidence  to  light  of  a  colder,  or  as  it  has 
been  termed  "  glacial  epoch,"  towards  the'  close  of  the  tertiary  periods 
throughout  the  northern  hemisphere,  does  not  conflict  with  the  theory 
above  alluded  to,  of  a  warmer  temperature  having  prevailed  m  the  eras 
of  the  Eocene,  Miocene,  and  Pliocene  formations.  In  answer  to.  this  in- 
quiry, it  may  certainly  be  affirmed,  that  an  oscillation  of  climate  has  oc- 
curred in  times  unmediately  antecedent  to  the  peopling  of  the  earth  by 
man ;  but  proof  of  the  intercalation  of  a  less  genial  climate  at  an  era 
when  nearly  all  the  marine  and  terrestrial  testacea  had  already  become 
specifically  the  same  as  those  now  living,  by  no  means  rebuts  the  con- 
clusion previously  drawn,  in  favor  of  a  warmer  condition  of  the  globe, 
during  the  ages  which  elapsed  while  the  tertiary  strata  were  deposited. 
In  some  of  the  most  superficial  patches  of  sand,  gravel,  and  loam,  scat- 
tered very  generally  over  Europe,  and  containing  recent  shells,  the  re- 
mains of  extinct  species  of  land  quadrupeds  have  been  found,  especially 
in  places  where  the  alluvial  matter  appears  to  have  been  washed  into 
small  lakes,  or  into  depressions  in  the  plains  bordering  ancient  rivers. 
Similar  deposits  have  also  been  lodged  in  rents  and  caverns  of  rocks, 
where  they  may  have  been  swept  in  by  land  floods,  or  introduced  by 
engulphed  rivers  during  changes  in  the  physical  geography  of  these 
countries.  The  various  circumstances  under  which  the  bones  of  animals 
have  been  thus  preserved,  will  be  more  fully  considered  hereafter  ;*  I 
shall  only  state  here,  that  among  the  extinct  mammalia  thus  entombed, 
we  find  species  of  the  elephant^  rhinoceros,  hippopotamus,  bear,  hyaena, 
lion,  tiger,  monkey  (macacusf ),  and  many  others ;  consisting  partly  of 
genera  now  confined  to  warmer  regions. 

It  is  certainly  probable  that  when  some  of  these  quadrupeds  abounded 
in  Europe,  the  climate  was  milder  than  that  now  experienced.  The 
hippopotamus,  for  example,  is  now  only  met  with  where  the  temperature 
of  the  water  is  warm  and  nearly  uniform  throughout  ohe  year,  and 

*  Book  ill.  chaps.  46,  47,  Ac 

f  Mflcaeiis  pUocenm,  Owen,  Brit  Fosa  Mam.  Intr.  p.  87,  found  with  the  extinct 
elephant.  Ac  in  the  modem  freahwater  beds  at  Grays  Thurrock  (Essex),  in  the 
vaUey  of  the  Thames. 
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where  the  rivers  are  never  frozen  over.  Yet  when  the  great  fosal  spe* 
cies  {ffiji^)qpotamus  major,  Cuv.)  inhabited  England,  the  testacea  of  our 
country  were  nearly  the  same  as  those  now  existing,  and  the  climate 
cannot  be  supposed  to  have  been  very  hot  The  bones  of  this  animal 
have  lately  been  found  by  Mr.  Strickland,  together  with  those  of  a  bear 
and  other  mammalia,  at  Cropthom,  near  Evesham,  in  Worcestershire,  ia 
alluvial  sand,  together  with  twenty-three  species  of  terrestrial  and  fresh- 
water shells,  all,  with  two  exceptions,  of  British  species.  The  bed  of 
sand,  eotitaining  the  shells  and  bones,  reposes  on  lias,  and  iseovered  with 
alternating  strata  of  gravel,  sand,  and  loam.^ 

The  mammoth  also  appears  to  have  existed  in  Ei^laad  when  the 
temperature  of  our  latitudes  could  not  have  been  very  differeait  from 
that  which  now  previuls ;  for  remains  of  this  animal  have  been  found  at 
North  Cliff,  in  the  county  of  York,  in  a  lacustiine  formation^  in  which 
all  the  land  and  freshwater^hells,  thirteen  in  number,  can  be  identified 
with  species  and  varieties  now  existing  in  that  county.  Bones  of  the 
bison,  also,  an  animal  now  inhabiting  a  cold  or  tempenite  climate,  have 
been  found  in  the  same  place.  That  these  quadrupeds^  and  the  idige- 
nous  species  of  testacea  associated  with  them,  were  all  contemporary 
inhabitants  of  Yorkshire,  has  been  established  by  unequivocal  proof. 
The  Rev.  W.  Y.  Vernon  Harcourt  caused  a  pit  to  be  sunk  to  the  depth 
of  twenty-two  feet  through  undisturbed  strata,  in  which  the  remains  of 
the  mammoth  were  found  imbedded,  together  with  the  shells,  in  a  de- 
posit which  had  evidently  resulted  from  tranquil  waters.f 

In  the  valley  of  the  Thames,  as  at  Ilford  and  Grays,  in  Essex,  bones 
of  the  elephant  and  rhinoceros  occur  in  strata  abounding  in  freshwater 
shells  of  the  genera  Unio,  Cyclas,  Paludina,  Yalvata,  Ancylus,  and 
others.  These  fossil  shells  belong  for  the  most  part  to  species  now  liv- 
ing in  the  same  district,  yet  some  few  of  them  are  extinct,  as,  for  exam- 
ple, a  species  of  Cyrena,  a  genus  no  longer  inhabiting  Europe,  and  now 
entirely  restricted  to  warmer  latitudes. 

.  When  reasoning  on  such  phenomena,  the  reader  must  always  bear  in 
mind  that  the  fossil  individuals  belonged  to  species  of  elephant,  rhinoce- 
ros, hippopotamus,  bear,  tiger,  and  hyaena,  distinct  from  those  which 
now  dwell  within  or  near  the  tropics.  Dr.  Fleming,  in  a  discussion  on 
this  subject^  has  well  remarked  that  a  near  resemblance  in  form  and  06« 
teological  structure  is  not  always  followed,  in  the  existing  creation,  by 
a  similarity  of  gec^raphical  distribution ;  and  we  must  therefore  be  on 
our  guard  against  deciding  too  confidently,  from  mere  analogy  of  ana- 
tomical structure,  respecting  the  habits  and  physiological  peculiarities  of 
species  now  no  more.  "The  zebra  delights  to  roam  over  the  tropical 
plains,  while  the  horse  can  muntain  its  existence  throughout  an  Iceland 
winter.  The  buffiilo,  like  the  zebra,  prefers  a  high  temperature,  and 
cannot  thrive  even  where  the  common  ox  prospers.  The  music-ox,  on 
the  other  hand,  though  neariy  resembling  the  buffalo,  prefers  the  stinted 

•  GeoL  Proceedings,  No.  zzxtl  June,  1884. 
t  PhiL  Mag.,  Sept.  1829,  and  Jan.  1830. 
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herbage  of  the  aretio  regions,  and  »  aUe,  by  its  periodical  migrationB, 
to  oatlive  a  northern  winter.  The  jackal  ( Cani9  aureus)  inhabits  Africa, 
the  wanner  parts  oi  Asia,  and  Greece ;  while  the  isatis  {Oanis  la^apiu) 
resides  in  the  arctic  regions.  The  African  hare  and  the  polar  hare  hare 
their  geographical  dbtribntion  expressed  in  their  trivial  names  ;"*  and 
dififerent  species  of  bears  thrive  in  tropical,  temperate,  and  arctic  lati-* 
tndes. 

Recent  investigations  have  placed  beyond  all  doubt  the  important  fact 
that  a  species  of  tiger,  identical  with  that  of  Bengal,  is  common  in  the 
neighborhood  of  Lake  Aral,  near  Sussac,  in  the  forty-fifth  degree  of 
north  latitude ;  and  from  time  to  time  this  animal  is  now  seen  in  Siberia, 
in  a  latitude  as  far  north  as  the  parallel  of  Berlin  and  Hambwgh.f 
Humboldt  remarira  that  the  part  of  Southern  Asia  now  inhabited  by  this 
Indian  species  cf  tiger  is  separated  from  the  Himalaya  by  two  great 
chains  of  mountains,  each  covered  with  perpetual  snow, — the  chain  of 
Kuenlun,  lat.  SS''  N.,  and  that  of  Mouztagh,  hit.  42^— ^  that  it  is  im- 
possible that  these  animals  should  merely  have  made  ezcursioBs  from 
India,  so  as  to  have  penetrated  in  summer  to  the  forty-eqE^hth  and  fifty- 
third  degrees  of  norUi  latitude.  They  must  remain  all  the  winter  north 
o£  the  Mouztagh,  or  Celestial  mountains.  The  last  tiger  killed,  in  1828, 
on  the  Lena^  in  lat.  52^°,  was  in  a  climate  colder  than  that  of  Peters- 
burg and  Stockholm.^ 

We  learn  from  Mr.  Hodgson's  account  of  the  mammalia  of  Nepal, 
that  the  tiger  is  sometimes  found  at  the  very  edge  of  perpetual  snow  in 
the  Himalaya  ;§  and  Pennant  mentions  that  it  is  found  among  the  snows 
of  Mount  Ararat  in  Armenia.  The  jaguar,  also,  has  been  seen  in  Amer- 
ica, wandering  from  Mexico,  as  far  north  as  Kentucky,  lat.  37^  N.,|  and 
even  as  far  as  42^  S.  in  South  America, — a  latitude  which  corresponds 
to  that  of  the  Pyrenees  in  the  northern  hemisphere.^  The  range  of  the 
puma  n  still  wider,  for  it  roams  from  the  equator  to  the  Straits  of  Magel- 
lan, being  often  seen  at  Port  Famine,  in  lat.  63^  38'  S. 

A  new  species  of  panther  {Fdia  irbis),  covered  with  long  hair,  has 
been  discovered  in  Siberia,  evidently  inhabiting,  like  the  tiger,  a  r^on 
north  of  the  Celestial  Mountains,  which  are  in  lat.  42^.** 

The  two-fa(Niied  African  rhinoceros  occurs  without  the  tropics  at  the 
Cape  of  Good  Hope,  in  lat.  34^  29'  S.,  where  it  is  accompanied  by  the 
elephant,  hippopotamus,  and  hyaena.  ^  Here  the  migration  of  all  these 
species  tow^s  the  south  is  arrested  by  the  ocean ;  but  if  the  continent 
had  been  prolonged  still  farther,  and  the  land  had  been  of  moderate  ele- 

*  Fleming,  Ed  Kew  Phil  Joura.,  Na  ziL  ix  282, 1829.  The  Bebra»  however, 
iiihabita  chiefly  the  extra-tropical  parts  of  Africa. 

t  Hamboldt,  Fragmens  de  O^olqg^ie,  Ac^  tome  it  p.  888.  Ehrenbeiigf,  Ami.  dee 
8cL  Nat*  tome  xxL  p*  887. 

iEhrenbei;^  ibid,  p  890.  §  Joura  of  Asiat^  Soc.,  yoL  i  pi  240. 

Rafineaque,  Atlantic  Joura.,  p.  18. 
Darwin^  Journal  of  Travela  m  South  America,  dkc,  1882  to  1886,  in  Voyage 
<rf  H.  M.  S.  Beagle,  p.  159. 
**  Ehrenberg,  ibid. 
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yation,  it  is  very  probable  that  they  might  have  extended  their  range  to 
a  greater  distance  from  the  tropics. 

Now,  if  the  Indian  tiger  can  range  in  our  own  times  to  the  southern 
borders  of  Siberia,  or  skirt  the  snows  of  the  Himalaya,  and  if  the  puma 
can  reach  the  fifty-third  degree  of  latitude  in  SouUi  America,  we  may 
easily  understand  how  laige  species  of  the  same  genera  may  once  have 
inhabited  our  temperate  chmates.  The  mammoth  {E,  primigenius),  al- 
ready alluded  to,  as  occurring  fossil  in  England,  was  decidedly  different 
from  the  two  existing  species  of  elephants,  one  of  which  is  limited  to 
Asia,  south  of  the  31^  of  N.  lat.,  the  other  to  Africa,  where  it  extends, 
as  before  stated,  as  far  south  as  the  Cape  of  Good  Hope.  The  bones 
of  the  great  fossil  species  are  very  widely  spread  over  Europe  and  North 
America ;  but  are  nowhere  in  such  profusion  as  in  Siberia,  particularly 
near  the  shores  of  the  Frozen  Ocean.  Are  we,  then,  to  conclude  that  this 
animal  preferred  a  polar  climate  ?  If  so,  it  may  well  be  asked,  by  what 
food  was  it  sustained,  and  why  does  it  not  still  survive  near  the  arctic 
circle  ?* 

Pallas  and  other  writers  describe  the  bones  of  the  mammoth  as  abound- 
ing throughout  all  the  Lowlands  of  Siberia,  stretching  in  a  direction  west 
and  east,  from  the  borders  of  Europe  to  the  extreme  point  nearest  Amer- 
ica, and  south  and  north,  from  the  base  of  the  mountains  of  Central  Asia 
to  the  shores  of  the  Arctic  Sea.  (See  map,  fig.  1.)  Within  this  space, 
scarcely  inferior  in  area  to  the  whole  of  Europe,  fossil  ivory  has  been 
collected  almost  everywhere,  on  the  banks  of  the  Irtish,  OU,  Yenesei, 
Lena,  and  other  rivers.  The  elephantine  remains  do  not  occur  in  the 
marshes  and  low  plains,  but  where  the  banks  of  the  rivers  present  lofty 
precipices  of  sand  and  clay,  from  which  circumstance  Pallas  very  justly 
inferred  that,  if  sections  could  be  obtained,  similar  bones  might  be  found 
in  all  the  elevated  lands  intervening  between  the  great  rivers.  Strahlen- 
berg,  indeed,  had  stated,  before  the  time  of  Pallas,  that  wherever  any  of 
the  great  rivers  overflowed  and  cut  out  fresh  channels  during  floods,  more 
fossil  remains  of  the  same  kind  were  invariably  disclosed. 

As  to  the  position  of  the  bones,  Pallas  found  them  in  some  places  im- 
bedded together  with  marine  remains ;  in  others,  simply  with  fossil  wood, 
or  lignite,  such  as,  he  says,  might  have  been  derived  from  carbonized 
peat.  On  the  banks  of  the  Yenesei,  below  the  city  of  Krasnojarsk,  in 
lat  56^,  he  observed  grinders,  and  bones  of  elephants,  in  strata  of  yel- 

*  The  speculations  which  follow,  on  the  ancient  physical  geography  of  Siberia, 
and  its  former  fitness  aa  a  residence  for  the  mammoth,  were  first  giren  in  their 
present  form  in  my  4th  edition,  June,  1886.  Recently  Sir  R  Murchiaon  and  his 
companions  in  their  great  work  on  the  Geology  of  Russia,  1 845  f  toI.  l  p^  497),  have, 
in  citing  this  chapter,  declared  that  their  inrestigations  have  led  them  to  similar 
conclusions.  Professor  Owen,  in  his  excellent  History  of  British  Fossil  Mammalia, 
1844,  p.  261,  et  »eg^  observes  that,  the  teeth  of  the  mammoth  differ  from  those  ol 
the  living  Asiatic  or  African  elephant  in  having  a  larger  proportion  of  dense  enamel, 
which  mav  have  enabled  it  to  subsist  on  the  coarser  ligneous  tissues  of  trees  ai&d 
sbmbe.  Ld  shoK,  he  is  of  opinion,  that  the  stmctnre  of  its  teeth,  as  well  as  the 
nature  of  its  epidermis  and  coverings^  may  have  made  it  "  a  meet  oompanion  for 
the  reindeer.** 
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loir  and  red  loam,  alternating  with  coarse  sand  and  gravel,  in  which  was 
also  much  petrified  wood  of  the  willow  and  other  trees.  Neither  here 
nor  m  the  neighboring  country  were  there  any  marine  shells,  but  merely 
layers  of  black  coal.*  But  grinders  of  the  mammoth  were  collected 
much  farther  down  the  same  river,  near  the  sea,  in  lat.  70**,  mixed  with 
I  petrifaction8.f    Many  other  places  in  Siberia  are  cited  by  PaUas* 

*  Palhu,  Reise  in  Robsl  Reiche,  pp.  409,  410. 
t  Nov.  Com.  Petrop  voL  xvil  p  684. 
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where  sea  shells  and  fishes'  teeth  accompanjthe  hones  of  the  mammoth, 
rhinoceros,  and  Siberian  bu£falo,  or  bison  (Bosprueus).  But  it  is  not 
on  the  Obi  nor  the  Yenesei,  but  on  the  Lena,  farther  to  the  east,  where* 
in  the  same  paraUels  of  latitude,  the  cold  ia  far  more  intense,  that  fossil 
remains  have  been  found  in  the  most  wonderful  state  of  preservation. 
In  1772,  Pallas  obtamed  from  Wiljuiskoi,  in  lat.  64^  from  the  banks  of 
the  Wiljui,  a  tributary  of  the  Lena,  the  carcass  of  a  rhinoceros  (22. 
tichorhinus),  taken  from  the  sand  in  which  it  must  have  remained  con- 
gealed for  ages,  the  soil  of  that  region  being  always  frozen  to  within  a 
slight  depth  of  the  surface.  This  carcass  was  compared  to  a  natural 
mummy,  and  emitted  an  odor  like  putrid  flesh,  part  of  the  skin  being 
still  covered  with  black  and  gray  hairs.  So  great,  indeed,  was  the 
quantity  of  hair  on  the  foot  and  head  conveyed  to  St.  Petersbui^,  that 
Pallas  asked  whether  the  rhinoceros  of  the  Lena  might  not  have  been 
an  inhabitant  of  the  temperate  regions  of  middle  Asia,  its  clothing  being 
so  much  wanner  than  that  of  the  African  rhinoceros.'* 

Professor  Brandt,  of  St  Petersburg,  in  a  letter  to  Baron  Alex.  Von 
Humboldt,  dated  1846,  adds  the  following  particulars  respecting  thb 
wonderful  fossil  relic : — "  I  have  been  so  fortunate  as  to  extract  from 
cavities  m  the  molar  teeth  of  the  Wiljui  rhinoceros  a  small  quantity  <^ 
its  half-chewed  food,  among  which  fragments  of  pine  leaves,  one-half  of 
the  seed  of  a  polygonaceous  plant,  and  very  minute  portions  of  wood 
with  porous  cells  (or  small  fragments  of  coniferous  wood),  were  still 
recognizable.  It  was  also  remarkable,  on  a  close  investigation  of  the 
heady  that  the  blood-vessels  discovered  in  the  interior  of  the  mass 
appeared  filled,  even  to  the  capillary  vessels,  with  a  brown  mass 
(coagulated  blood),  which  in  many  places  still  showed  the  red  color  of 

blood."t 

After  more  than  thirty  years,  the  entire  carcass  of  a  mammoth  {or 
extinct  species  of  elephant)  was  obtained  in  1803,  by  Mr.  Adams,  much 
farther  to  the  north.  It  fell  from  a  mass  of  ice,  in  which  it  had  been 
encased,  on  the  banks  of  the  Lena,  in  lat.  70^ ;  and  so  perfectiy  had  the 
soft  parts  of  the  carcass  been  preserved,  that  the  flesh,  as  it  lay,  was 
devoured  by  wolves  and  bears.  This  skeleton  is  still  in  the  museum  of 
St.  Petersburg,  the  head  retaining  its  integument  and  many  of  the  liga* 
ments  entire.  The  skin  of  the  animal  was  covered,  first,  with  black 
bristies,  thicker  than  horse  hair,  from  twelve  to  sixteen  inches  in  length ; 
secondly,  with  hair  of  a  reddish  brown  color,  about  four  inches  long ; 
and  thirdly,  with  wool  of  the  same  color  as  the  hair,  about  an  inch  in 
length.  Of  the  fur,  upwards  of  thirty  pounds'  weight  were  gathered 
from  the  wet  sand-bank.  The  individual  was  nine  feet  high  and  sixteen 
feet  long,  without  reckoning  the  large  curved  tusks :  a  size  rarely  sur- 
passed by  the  largest  living  male  elephants.^ 

It  is  evident,  then,  that  the  mammoth,  instead  of  being  naked,  like  the 

*  Not.  Com.  Fetrop.  vol  xvii  p.  691. 

{Quart  Jouni.  GteoL  Soe.  LoncL  vol  iv.  p.  10,  Haiioir& 
Jonmal  du  Notd,  St  Petersburg,  1807. 
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ItfiDg  Indian  and  African  elephanta,  was  enveloped  in  a  thick  sbaggy 
eoyeriog  of  fur,  probably  as  impenetrable  to  rain  and  cold  as  that  of  the 
nnisk  or.*  The  speoies  may  ha?e  been  £tted  by  nature  to  withstand 
the  Ticissitudea  of  a  northern  climate ;  and  it  is  certain  that»  from  the 
moment  when  the  carcasses,  both  of  the  rhinoceros  and  elephant,  above 
described,  were  buried  in  Siberia,  in  latitudes  64o  and  10^  N.,  the  soil 
must  have  remained  frosen,  and  the  atmosphere  nearly  as  cold  as  at 
this  day. 

The  most  recent  discoveries  made  m  1843  by  Mr.  Middendorf,  a  dis* 
tingnished  Rosvan  naturalist,  and  Vhioh  he  communicated  to  me  in 
September,  1646»  afford  more  precise  information  as  to  the  climate  of 
the  Siberian  loiriand^  at  the  period  when  the  extinct  quadrupeds  were 
entombed.  One  elephant  was  found  on  the  Tas,  between  the  Obi  and 
Teoesd,  near  the  arctic  circle,  about  lat.  66^  30'  N.,  with  some  parts 
of  the  flesh  in  so  perfect  a  state  that  the  bulb  of  the  eye  is  now  pre- 
served in  the  museum  at  Moscow.  Another  carcass,  together  with  a 
young  individual  of  the  same  species,  was  met  with  in  the  same  year, 
1843,  in  lat.  75^  15'  N.,  near  the  river  Taimyr,  with  the  flesh  decayed. 
It  was  imbedded  in  strata  of  clay  and  sand,  with  erratic  blocks,  at  about 
1$  feet  above  the  level  of  the  sea.  In  the  same  deposit  Mr.  Midden- 
dorf observed  the  trunk  of  a  larch  tree  {Finus  larix),  the  same  wood 
88  that  now  carried  down  in  abundance  by  the  Taimyr  to  the  Arctic 
Sea.  There  were  also  associated  fossil  shells  of  living  northern  species, 
snd  which  are  moreover  characteristic  of  the  drift  or  glacial  deposits  of 
Bmope.  Among  these  JVucula  pygmcea,  Tellina  ealcarea,  Mya  truncata, 
and  Saxicava  rugoia  were  conspicuous. 

So  fresh  is  the  ivory  throughout  northern  Russia,  that,  according  to 
Tilesias,  thousands  of  fossil  tusks  have  been  collected  and  used  in  turn- 
ing ;  yet  othevs  are  still  procured  and  sold  in  great  plenty.  He  declares 
his  belief  that  the  bones  still  left  in  northern  Russia  must  greatly  exceed 
in  number  all  the  elephants  now  living  on  the  globe. 

*  Fleming,  Ed.  New  FhO.  Journ.,  Ko.  zil  p.  286. 

Bisliop  Heber  ioforms  tis  (Narr.  of  a  Journey  tlurooffh  the  Upper  Provinoes  of 
ladis,  ToL  ii.  p.  166—219),  thai  in  tbe  lower  range  of  the  Himalaya  moontsins, 
m  the  northeastern  borders  of  the  Delhi  territory,  between  lat  29°  and  SO^,  he  saw 
an  Indian  elephant  of  a  small  size,  covered  with  shaggy  hair.  But  this  yariety  must 
be  exceedingly  rare;  for  Mr.  Boyle  (late  aaperintendont  of  the  East  India  Com- 
paoy's  Botanic  Garden  at  Saharunpore)  has  assured  mo,  that  beinff  in  India  when 
Leber's  Journal  appeared,  and  having  never  seen  or  heard  of  sudi  elephants,  he 
made  the  strictest  inquiries  respecting  the  fiicty  and  was  never  able  to  obtain  any 
ewideofOb  in  oonobaration.  Mr.  Royle  resided  at  Saharunpore,  lat.  80°  N.,  upon 
the  extreme  northern  Jimite  of  the  range  of  the  elephant.  Mr.  Everest  also  de- 
clares that  he  has  been  equally  utiauccessfol  in  finding  any  one  aware  of  the  exist- 
enoe  of  such  a  variety  or  breed  of  the  animal,  though  one  solitary  individual  was 
meotioBed  to  him  as  navlng  been  seen  at  Delhi,  with  a  good  deal  of  long  hair  up> 
on  it.  The  greatest  elevation,  says  Mr.  E,  at  which  the  wild  elephant  is  found 
in  the  mountains  to  the  north  of  Bengal,  is  at  a  place  caJled  Nahun,  about  400O 
feet  above  the  level  of  the  sea,  and  in  the  Slst  de^ee  of  N.  lat.,  where  the  mean 
yearly  temperature  may  be  about  64°  Fahrenhel^  and  the  difference  between 
winter  and  summer  very  great,  equal  to  about  86°  F.,  the  month  of  January 
averaging  46°,  and  Juno,  the  hottest  month,  81°  F*  (Everest  on  climate  of  Fosft 
Eleph.,  Jooni.  of  Asiat  Soa,  No.  25,  p  21.) 
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Wo  are  as  yet  ignorant  of  the  entire  geographical  range  of  the  mam« 
moth ;  but  its  remains  have  been  recently  collected  from  the  clifis  of 
frozen  mud  and  ice  on  the  east  side  of  Behring's  Straits,  in  Esch- 
scholtz's  Bay,  in  Russian  America,  lat.  66°  N.  As  the  cltSs  waste 
away  by  the  thawing  of  the  ice,  tusks  and  bones  fall  out»  and  a  strong 
odor  of  animal  matter  is  exhaled  from  the  mud.* 

On  considering  all  the  facts  above  enumerated,  it  seems  reasonable  to 
imagine  that  a  large  region  in  central  Asia,  including,  perhaps,  the 
southern  half  of  Siberia,  enjoyed,  at  no  very  remote  period  in  the  earth's 
history,  a  temperate  climate,  sufficiently  mild  to  afford  food  for  numer- 
ous herds  of  elephants  and  rhinoceroses,  of  species  distinct  from  those 
now  living.  It  has  usually  been  taken  for  granted  that  herbivorous 
animals  of  large  size  require  a  very  luxuriant  vegetation  for  their  sup- 
port ;  but  this  opinion  is,  according  to  Mr.  Darwin,  completely  errone- 
ous ! — ''  It  has  been  derived,"  he  says,  "  from  our  acquaintance  with 
India  and  the  Indian  islands,  where  the  mind  has  been  accustomed  to 
associate  troops  of  elephants  with  noble  forests  and  impenetrable  jan« 
gles.  But  the  southern  parts  of  Africa,  from  the  tropic  of  Capricorn  to 
the  Cape  of  Good  Hope,  although  sterile  and  desert,  are  remarkable  for 
the  number  and  great  bulk  of  the  indigenous  quadrupeds.  We  there 
meet  with  an  elephant,  five  species  of  rhinoceros,  a  hippopotamus,  a 
giraffe,  the  bos  eaffer,  the  elan,  two  zebras,  the  quagga,  two  gnus,  and 
several  antelopes.  Kor  must  we  suppose,  that  while  the  species  are 
numerous,  the  individuals  of  each  kind  are  few.  Dr.  Andrew  Smith 
saw,  in  one  day's  march,  in  lat.  24°  S.,  without  wandering  to  any  great 
distance  on  either  side,  about  150  rhinoceroses,  with  several  herds  of 
giraffes,  and  his  party  had  killed,  on  the  previous  nighty  eight  hippopot- 
amuses. Yet  the  country  which  they  inhabited  was  thinly  covered 
with  grass  and  bushes  about  four  feet  high,  and  still  more  thinly  with 
mimosa-trees,  so  that  the  wagons  of  the  travellers  were  not  prevented 
from  proceeding  in  a  nearly  direct  linc."f 

In  order  to  explain  how  so  many  animals  can  find  support  in  this  ro- 
gion,  it  is  suggested  that  the  underwood,  of  which  their  food  chiefly 
consists,  may  contain  much  nutriment  in  a  small  bulk,  and  also  that  the 
vegetation  has  a  rapid  growth ;  for  no  sooner  is  a  part  consumed  than 
its  place,  says  Dr.  Smith,  is  supplied  by  a  fresh  stock.  Nevertheless, 
after  making  every  allowance  for  this  successive  production  and  con- 
sumption, it  is  clear,  from  the  facts  above  cited,  that  the  quantity  of 
food  required  by  the  larger  herbivora  is  much  less  than  we  hav€  usually 
imagined.  Mr.  Darwin  conceives  that  the  amount  of  vegetation  sup- 
ported at  any  one  time  by  Great  Britain  may  exceed,  in  a  ten-fold  ratio, 
the  quantity  existing  on  an  equal  area  in  the  interior  parts  of  Southern 
Africa.];    It  b  remarked,  moreover,  in  illustration  of  the  small  connec- 

*  See  Dr.  Buckland's  description  of  these  bones,  Appen.  to  Beechy*8  Voy. 
+  Darwin,  Journal  of  Traveii  in  S.  America,  Ac,  1882-86,  in  voraire  of  H.  M.  SL 
Beagle,  p  9«.    ^d  Ed.  London,  1845,  p  86. 

X  Darwin,  Journal  of  Travels  in  S.  Amerka,  dkc,  p  99,  2d  Ed.  p.  86. 
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tioQ  discoverable  between  abundance  of  food  and  the  magnitude  of  in- 
digenous mammalia,  that  while  in  the  desert  part  of  Southern  Africa 
there  are  so  many  huge  animals ;  in  Brazil,  where  the  splendor  and  ex- 
uberance of  the  vegetation  are  unrivalled,  there  is  not  a  single  wild 
quadruped  of  large  si«e.* 

It  would  doubtless  be  impossible  for  herds  of  mammoths  and  rhino- 
ceroses to  subsist,  at  present,  throughout  the  year,  even  in  the  southern 
part  of  Siberia,  covered  as  it  is  with  snow  during  ^nter ;  but  there  is 
no  difficulty  in  supposing  a  vegetation  capable  of  nourishing  these  great 
quadrupeds  to  have  once  flourished  between  the  latitudes  40°  and 
60ON. 

Dr.  Fleming  has  hinted,  that  "  the  kind  of  food  which  the  existing 
species  of  elephant  prefers,  will  not  enable  us  to  determine,  or  even  to 
offer  a  probable  conjecture,  concerning  that  of  the  extinct  species.  No 
one  acquainted  with  the  gramineous  character  of  the  food  of  our  fallow- 
deer,  stag,  or  roe,  would  have  assigned  a  lichen  to  the  reindeer." 

Travellers  mention  that,  even  now,  when  the  climate  of  eastern  Asia 
is  so  much  colder  than  the  same  parallels  of  latitude  farther  west,  there 
are  woods  not  only  of  fir,  but  of  birch,  poplar,  and  alder,  on  the  banks 
of  the  Lena,  as  far  north  as  latitude  60°. 

It  has,  moreover,  been  suggested,  that  as,  in  our  own  times,  the 
Borthem  animals  migrate,  so  the  Siberian  elephant  and  rhinoceros  may 
have  wandered  towards  the  north  in  summer.  The  musk  oxen  annually 
desert  their  winter  quarters  in  the  south,  and  cross  the  sea  upon  the  ice, 
to  graze  for  four  months,  from  May  to  September,  on  the  rich  pastur- 
age of  Melville  Island,  in  lat.  75^.  The  mammoths,  without  passing  so 
far  beyond  the  arctic  circle,  may  nevertheless  have  made  excursions, 
daring  the  beat  of  a  brief  northern  summer,  from  the  centra!  or  temper- 
ate parts  of  Asia  to  the  sixtieth  parallel  of  latitude. 

Now,  in  ibis  case,  the  preservation  of  their  bones,  or  even  occasion- 
ally of  their  entire  carcasses,  in  ice  or  frozen  soil,  may  be  accounted  for, 
without  resorting  to  speculations  concerning  sudden  revolutions  in  the 
former  state  and  climate  of  the  earth's  surface.  We  are  entitled  to  as* 
sume,  that,  in  the  time  of  the  extinct  elephant  and  rhinoceros,  the  Low- 
land of  Siberia  was  less  extensive  towards  the  north  than  now  ;  for  we 
ha?e  seen  (p.  80)  that  the  strata  of  this  Lowland,  in  which  the  fossil 
bones  lie  baried,  were  originally  deposited  beneath  the  sea;  and  wc 
know,  from  the  facts  brought  to  light  in  Wrangle's  Voyage,  in  the  years 
1821,  1822,  and  1823,  that  a  slow  upheaval  of  the  land  along  the  bor- 
ders of  the  Icy  Sea  b  now  constantly  taking  place,  Mmilar  to  that  ex- 
perienced in  part  of  Sweden.  In  the  same  manner,  then,  as  the  shores 
of  the  Gulf  of  Bothnia  are  extended,  not  only  by  the  influx  of  sediment 
brought  down  by  rivers,  but  also  by  the  elevation  and  consequent  dry- 
ing up  of  the  bed  of  the  sea,  so  a  like  combination  of  causes  may,  in 
modem  times,  have  been  extending  the  low  tract  of  land  where  marine 

•  Bmcbell,  dted  by  DsrwiiL  ibid.  p.  101.    2d  Ed.  p.  87. 
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shells  and  fossil  bones  occur  m  Siberia.*  Such  a  change  in  the  plipi- 
cal  geography  of  that  region^  implying  a  constant  augipentation  in  the 
quantity  of  arctic  land,  would,  according  to  principles  to  be  explained 
m  the  next  chapter,  tend  to  mcrease  the  severity  of  the  winters.  We 
may  conclude,  therefore,  that,  before  the  land  reached  so  far  to  the 
north,  the  temperature  of  the  Siberian  winter  and  summer  was  more 
nearly  equalized ;  and  a  greater  degree  of  winter's  cold  may,  even  more 
than  a  general  diminution  of  the  mean  annual  temperature,  have  finally 
contributed  to  the  extermination  of  the  mammoth  and  its  contemporaries. 

On  referring  to  the  map  (p.  79),  the  reader  will  see  how  all  the 
great  rivers  of  Siberia  flow  at  present  from  south  to  north,  from  tem- 
perate to  arctic  regions,  and  they  are  all  liable,  like  the  Mackenzie,  in 
North  America,  to  remarkable  floods,  m  consequence  of  flowing  in  this 
direction.  For  they  are  filled  with  running  water  in  their  upper  or 
southern  course  when  completely  frozen  over  for  several  hundred  miles 
near  their  mouths,  where  they  remain  blocked  up  by  ice  for  six  months 
in  every  year.  The  descending  waters,  therefore,  finding  no  open  chan- 
nel, rush  over  the  ice,  often  changing  their  direction,  and  sweeping  along 
forests  and  prodigious  quantities  of  soil  and  gravel  mixed  with  ice. 
Now  the  rivers  of  Siberia  are  among  the  largest  in  the  world,  the 
Yenesei  having  a  course  of  2500,  the  Lena  of  2000  miles ;  so  that  we 
may  easily  conceive  that  the  bodies  of  animals  which  fall  into  their 
waters  may  be  transported  to  vast  distances  towards  the  Arctic  Sea, 
and,  before  arriving  there,  may  be  stranded  upon  and  often  frozen  into 
thick  ice.  Afterwards,  when  the  ice  breaks  up,  they  may  be  floated 
still  farther  towards  the  ocean,  until  at  length  they  become  buried  in 
fluviatile  and  submarine  deposits  near  the  mouths  of  rivers. 

Humboldt  remarks  that  near  the  mouths  of  the  Lena  a  considerable 
thickness  of  frozen  soil  may  be  found  at  all  seasons  at  the  depth  of  a 
few  feet ;  so  that  if  a  carcass  be  once  imbedded  in  mud  and  ice  in  such 
a  region  and  in  such  a  climate,  its  putrefaction  may  be  arrested  for  in- 
definite ages.f  According  to  Prof.  Yon  Baer  of  St.  Petersburg,  the 
ground  is  now  frozen  permanently  to  the  depth  of  400  feet,  at  the  town 
of  Yakutzt^  on  the  western  bank  of  the  Lena,  in  lat.  62^  N.,  600  miles 
distant  from  the  polar  sea.  Mr.  Hedenstrom  tells  us  that,  throughout 
a  wide  area  m  Siberia,  the  boundary,  clifls  of  the  lakes  and  rivers  consist 
of  alternate  layers  of  earthy  materials  and  ice,  in  horizontal  stratifica- 
tion ;X  and  Mr.  Middendorf  informed  us,  in  1846,  that,  in  his  tour  there 
three  years  before,  he  bad  bored  in  Siberia  to  the  df  pth  of  seventy  feet, 
and,  after  passing  through  much  frozen  soil  mixed  with  ice,  had  come 

*  Since  the  above  passage  was  first  printed  in  a  former  edition,  June,  1885,  it 
has  been  shown  hy  the  observations  of  Sir  R.  Murchison,  H.  de  Verneuil,  and 
Count  Kejserling,  and  more  recenUv  by  M.  Middendorf  (see  ahove,  p.  81),  that 
the  Lowland  of  Siberia  has  actually  been  extended,  since  the  ezUting  tpeeies  of 
shells  inhabited  the  northern  seas. 

{Humboldt,  Fragmens  Asiatiques,  torn.  ii.  p.  898. 
Beboul.  GeoL  de  la  P^riode  Quaternaire,  who  cites  Observ.  sur  la  Sib§rie, 
BibL  Univ.,  Joillet,  1882. 


CkYL]  BtBEBIAK  ICAHMOTHEL  88 

down  upon  a  solid  mass  'of  pure  transparent  ice,  the  thickness  of  which, 
after  penetrating  two  or  three  yards,  tfaej  did  not  ascertain.  We  may 
conceive,  therefore,  that  even  at  the  period  of  the  mammoth,  when  the 
Lowland  of  l^bena  was  less  extensive  towards  the  north,  and  conse- 
quently the  climate  more  temperate  than  now,  the  cold  may  still  have 
been  sufficiently  intense  to  cause  the  rivers  flowing  in  their  present 
direction  to  sweep  down  from  south  to  north  the  bodies  of  drowned 
animals,  and  there  bury  them  in  drift  ice  and  frozen  mud. 

If  it  be  true  that  the  carcass  of  the  mammoth  was  imbedded  in  pure 
ice,  there  are  two  ways  in  which  it  may  have  been  frozen  in.  We  may 
suppose  the  animal  to  have  beei\  overwhelmed  by  drift  snow.  I  have 
been  informed  by  Dr.  Richardson,  that,  in  the  northern  parts  of  Amer- 
ica, comprising  regions  now  inhabited  by  mai?y  herbivorous  quadru- 
peds, the  drift  snow  is  often  converted  into  permanent  glaciers.  It  is 
commonly  blown  over  the  edges  of  steep  clififs,  so  as  to  form  an  inclined 
talus  hundreds  of  feet  high ;  and  when  a  thaw  commences,  torrents 
rush  from  the  land,  and  throw  down  from  the  top  of  the  cliff  alluvial 
son  and  gravel.  This  new  soil  soon  becomes  covered  with  vegetation, 
and  protects  the  foundation  of  snow  from  the  rays  of  the  sun.  Water 
occasionally  penetrates  into  the  crevices  and  pores  of  the  snow ;  but, 
as  it  soon  freezes  again,  it  serves  the  more  rapidly  to  consolidate  the 
mass  into  a  compact  iceberg.  It  may  sometimes  happen  that  cattle 
grazing  in  a  valley  at  the  base  of  such  cliffs,  on  the  borders  of  a  sea  or 
river,  may  be  overwhelmed,  and  at  length  inclosed  in  solid  ice,  and 
then  transported  towards  the  polar  regions.  Or  a  herd  of  mammoths 
returning  from  their  summer  pastures  in  the  north,  may  have  been  sur- 
prised, while  crossing  a  stream,  by  the  sudden  congelation  of  the  waters. 
The  mis^onary  Hue  relates,  in  his  travels  in  Thibet  in  1846,  that,  after 
many  of  his  party  had  been  frozen  to  death,  they  pitched  their  tents 
on  the  banks  of  the  Mouroui-Ousson  (which  lower  down  becomes  the 
famous  Blue  River),  and  saw  from  their  encampment  "some  black 
shapeless  objects  ranged  in  file  across  the  stream.  As  they  advanced 
nearer  no  change  either  in  form  or  distinctness  was  apparent ;  nor  was 
it  dll  they  were  quite  close,  that  they  recognized  in  them  a  troop  of  the 
wild  oxen,  called  Yak  by  the  Thibetans.*  There  were  more  than  fifty 
of  them  incrusted  in  the  ice.  No  doubt  they  had  tried  to  swim  across 
at  the  moment  of  congelation,  and  had  been  unable  to  disengage  them- 
selves. Their  beautiful  heads,  surmounted  by  huge  horns,  were  still 
above  the  surface,  but  their  bodies  were  held  fast  in  the  ice,  which  was 
so  transparent  that  the  position  of  the  imprudent  beasts  was  easily  dis- 
tingmshable ;  they  looked  as  if  still  swimming,  but  the  eagles  and 
ravens  bad  pecked  out  their  eyes."! 

The  foregoing  investigations,  therefore,  lead  us  to  infer  that  the  mam- 
moth, and  some  other  extinct  quadrupeds  fitted  to  live  in  high  latitudes, 

*  Oonjectured  to  be  the  wild  stock  of  Bos  gnmtiiens. 

f  Becollectioas  of  a  Journey  through  Tartarj,  Thibet,  and  China  (di.  xv.  p.  884)^ 
by  H.  Hoe.    Longman,  1862. 
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were  inhabitants  of  Northern  Asia  at  a  time  when  the  geographicai 
conditions  and  climate  of  that  continent  were  different  from  the  pres^it. 
But  the  age  of  this  fauna  was  comparatively  modem  in  the  earth's  his- 
tory. It  appears  that  when  the  oldest  or  eocene  tertiary  deposits  were 
formed,  a  warm  temperature  pervaded  the  European  seas  and  lands. 
Shells  of  the  genus  Nautilus  and  other  forms  characteristic  of  tropical 
latitudes;  fossil  reptiles,  such  as  the  crocodile,  turtle,  and  tortoise; 
plants,  such  as  palms,  some  of  them  allied  to  the  cocoa-nut,  the  acrew- 
pine,  the  custard-apple,  and  the  acacia,  all  lead  to  this  conclusion.  This 
flora  and  fauna  were  followed  by  those  of  the  miocene  formation,  in 
which  indications  of  a  southern,  but  less  tropical  climate  are  detected. 
Finally,  the  pliocene  deposits,  which  come  next  in  succession,  exhibit 
in  their  organic  remains  a  much  nearer  approach  to  the  state  of  things 
now  prevailing  in  corresponding  latitudes.  It  was  towards  the  close  of 
this  period  that  the  seas  of  the  northern  liemisphere  became  more  and 
more  filled  with  floating  icebergs  often  charged  with  erratic  blocks,  so 
that  the  waters  and  the  atmosphere  were  chilled  by  the  melting  ice,  and 
an  arctic  fauna  enabled,  for  a  time,  to  invade  the  temperate  latitudes 
both  of  N.  America  and  Europe.  The  extinction  of  a  considerable 
number  of  land  quadrupeds  and  aquatic  moUusca  was  gradually  brought 
about  by  the  increasing  seventy  of  the  cold ;  but  many  species  survived 
this  revolution  in  climate,  either  by  their  capacity  of  living  under  a  va- 
riety of  conditions,  or  by  migrating  for  a  time  to  more  southern  lands 
and  seas.  At  length,  by  modifications  in  the  physical  geography  of  the 
northern  regions,  and  the  cessation  of  floating  ice  on  the  ea£tem  side  of 
the  Atlantic,  the  cold  was  moderated,  and  a  milder  climate  ensued, 
such  as  we  now  enjoy  in  Europe.* 

Proofs  from  fossils  in  secondary  and  still  older  strata, — ^A  great  in- 
terval of  time  appears  to  have  elapsed  between  the  formation  of  the 
secondary  strata,  which  constitute  the  principal  portion  of  the  elevated 
land  in  Europe,  and  the  origin  of  the  eocene  deposits.  If  we  examine 
the  rocks  from  the  chalk  to  the  new  red  sandstone  inclusive,  we  find 
many  distinct  assemblages  of  fossils  entombed  in  them,  all  of  unknown 
species,  and  many  of  them  referable  to  genera  and  families  now  most 
abundant  between  the  tropics.  Among  the  most  remarkable  are  rep- 
tiles of  gigantic  size ;  some  of  them  herbivorous,  others  carnivorous, 
and  far  exceeding  in  size  any  now  known  even  in  the  torrid  zone.  The 
genera  are  for  the  most  part  extinct,  but  some  of  them,  as  the  croco- 
dile and  monitor,  have  still  representatives  in  the  warmer  parts  of  the 
earth.  Coral  reefs  also  were  evidently  numerous  in  the  seas  of  the 
same  periods,  composed  of  species  often  belonging  to  genera  now  char- 
acteristic of  a  tropical  climate.     The  number  of  large  chambered  shells 

*  For  an  account  of  the  more  modern  dianges  of  the  tertiary  &una  and  flora  of 
the  British  Isles  and  adjoining  countries,  and  particularly  those  facta  which  relate 
to  the  "  glacial  epoch,"  see  an  admirable  essay  by  Prof  £.  Forbes.  Memoirs  cf 
Oeol  Surrey  of  Great  Brit.  toL  i.  p.  886.  London,  1846.  To  this  important  mt- 
moir  I  shall' have  frequent  occasion  to  refer  in  the  sequel 
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iho,  inclnding  tbe  nautilus,  leads  us  to  infer  an  elevated  temperature ; 
and  the  associated  fossil  plants,  although  imperfectly  known,  tend  to 
the  same  conclusion,  the  Cycadese  constituting '  the  most  numerous 
family. 

But  it  is  from  the  more  ancient  coal-deposits  that  the  most  extraordi- 
nary evidence  has  been  supplied  in  proof  of  the  former  existence  of  a 
very  different  climate — a  climate  which  seems  to  have  been  moist,  warm, 
and  extremely  uniform,  in  those  very  latitudes  which  are  now  the  colder, 
and  in  regard  to  temperature,  the  most  variable  regions  of  the  globe. 
We  learn  from  the  researches  of  Adolphe  Brongniart,  Goeppert,  and 
other  botanists,  that  in  the  floi|i  of  the  carboniferous  era  there  was  a 
great  predominance  of  ferns,  some  of  which  were  arborescent ;  as,  for 
example,  Caulopteris,  Protopteris,  and  Psarronius ;  nor  can  this  be  ac- 
counted for,  as  some  have  supposed,  by  the  greater  power  which  ferns 
possess  of  resisting  maceration  in  water.*  This  prevalence  of  ferns  in- 
dicates a  moist,  equable,  and  temperate  climate,  and  the  absence  of  any 
severe  cold ;  for  such  are  the  conditions  which,  at  the  present  day,  are 
found  to  be  most  favorable  to  that  tribe  of  plants.  It  is  only  in  the 
islands  of  the  tropical  oceans,  and  of  the  southern  temperate  zone,  such 
as  Norfolk  Island,  Otaheite,  the  Sandwich  Islands,  Tristan  d'Acunha,  and 
New  Zealand,  that  we  find  any  near  approach  to  that  remarkable  pre- 
ponderance of  ferns  which  is  characteristic  of  the  Carboniferous  flora. 
It  has  been  observed  that  tree  ferns  and  other  forms  of  vegetation  which 
flourished  most  luxuriantly  within  the  tropics,  extend  to  a  much  greater 
distance  from  the  equator  in  the  southern  hemisphere  than  in  the  nor- 
thern, being  found  even  as  far  as  46^  S.  latitude  in  New  Zealand. 
There  is  little  doubt  that  this  is  owing  to  the  more  uniform  and  moist 
climate  occasioned  by  the  greater  proportional  area  of  sea.  Next  to 
ferns  and  pines,  the  most  abundant  vegetable  forms  in  the  coal  formation 
are  the  Oalamites,  Lepidodendra,  Sigillariae,  and  StigmarieB.  These 
were  formerly  considered  to  be  so  closely  allied  to  tropical  genera,  and 
to  be  so  much  greater  in  size  than  the  corresponding  tribes  now  inhabit- 
ing equatorial  ktitudes,  that  they  were  thought  to  imply  an  extremely 
hot,  as  well  as  humid  and  equable  climate.  But  recent  discoveries  re- 
specting the  structure  and  relations  of  these  fossil  plants,  have  shown 
that  they  deviated  so  widely  from  all  exbting  types  in  the  vegetable 
world,  that  we  have  more  reason  to  infer  from  this  evidence  a  widely 
difiiment  climate  in  the  Carboniferous  era,  as  compared  to  that  now  pre- 
vailing, than  a  temperature  extremely  elevated. f     Palms,  if  not  entirely 

*  See  a  paper  by  Charles  J.  F.  Banbury,  Esq.,  Jonrn.  of  GeoL  Soc,  London, 
Na6jp.  88.     1846. 

f  Tne  'Galamites  were  fonneriy  regarded  by  Adolphe  BrongiuBrt  as  helonging 
to  the  tribe  of  EquiBetaoeaB ;  but  he  is  now  inclined  to  refer  them  to  the  class  ol 
UmnogeDfl^  or  gymnospermous  ezogens,  whidi  indndes  the  Conifers  and  Cyca- 
oeae.  Lepidodendron  appears  to  have  been  either  a  gigantic  form  of  the  lyoopo- 
diom  tribe,  or,  as  Dr.  lindley  thinks,  intermediate  between  the  Ijrcopodia  and  the 
fir  tribe.  The  SigilUriiB  were  formerly  supposed  bj  Ad.  Brongniart,  to  be  arbo- 
TMoent  ferns ;  bat  the  discovery  of  their  internal  stmetore,  and  of  their  leaves,  has 


88  FOSSIL  PLASTTB.  [Ott  VI 

wantii^  wben  the  sta'ata  of  the  carboniferous  group  were  depodted,  ap- 
pear  to  have  been  ezceedinglj  rare.*  The  Oontfera,  on  the  other  hand» 
80  abondantlj  met  with  in  the  coal,  resemble  Araucarin  in  straeture,  a 
family  of  the  fir  tribe,  characteristic  at  present  of  the  milder  regions  of 
the  southern  hemisphere,  sueh  as  Chili,  Bmil,  New  Holland,  and  Nor- 
folk Island. 

"In  regard  to  the  geographical  extent  of  the  ancient  vegetation,  it 
was  not  confined,"  says  M.  Brongniart,  "  to  a  small  space,  as  to  Europe, 
for  example ;  for  the  same  forms  are  met  with  again  at  great  distances. 
Thus,  the  coal-plants  of  North  America  are,  for  the  most  part,  identical 
with  those  of  Europe,  and  all  belong  to  the  same  genera.  Some  sped* 
mens,  also,  from  (Greenland,  are  referable  to  ferns,  analogous  to  those 
of  our  European  coal-mines."f  The  fossil  plants  brought  from  MelvUle 
Island,  although  in  a  very  imperfect  state,  have  been  supposed  to  war- 
rant similar  concluuons  ;|  and  assuming  that  they  agree  with  those  of 
Baffin's  Bay,  mentioned  by  M.  Brongniart,  how  shall  we  explain  the 
manner  in  which  such  a  vegetation  lived  through  an  arctic  night  of  seve- 
ral months'  duration  ?§ 

It  may  seem  premature  to  discuss  this  question  until  the  true  nature 
of  the  fossil  flora  of  the  arctic  regions  has  been  more  accurately  deter- 
mined ;  yet,  as  the  question  has  attracted  some  attention,  let  us  assume 
for  a  moment  that  the  coal-plants  of  Melville  Island  are  strictly  analo- 
gous to  those  of  the  strata  of  Northumberland — would  such  a  fact  pre- 
sent an  inexplicable  enigma  to  the  vegetable  physiologist  ? 

Plants,  it  is  affirmed,  cannot  remain  in  darkness,  even  for  a  week, 

Bince  proved  that  they  have  no  real  affinit;^  to  ferns.  According  to  the  view  now 
taken  of  their  structure,  their  nearest  alties  in  the  recent  world  are  the  genera 
Cycas  and  Zamia ;  while  Corda,  on  the  other  hand,  maintains  that  they  were 
closely  related  to  the  succulent  euphorbias.  Stigmaria  is  now  generally  admitted 
to  have  been  merely  the  root  of  sigillaria.  The  scalariform  vessels  of  these  two 
genera  are  not  condusive  in  proving  them  to  have  a  real  affinitv  with  femi,  at 
Mr.  Brown  has  discovered  the  same  structure  of  vessels  in  Myzodendron,  a' genus 
allied  to  the  mistletoe ;  and  Corda  has  lately  shown  that  in  two  species  of  Stig- 
maria,  hardly  distinguishable  by  external  GnaraeterSy  the  vessels  of  the  one  are 
scalariform,  and  of  the  other  dotted 

♦  Mr.  Lindley  endeavored  formerly  (1884)  to  show,  in  the  "Fossil  Flora,"  that 
Trigonocarpum  Noeggerathii,  a  fruit  found  in  the  coal  measures,  has  the  true 
structure  of  a  palm-fruit;  but  Ad.  Brongniart  has  since  inclined  to  r^ard  it  as 
cycadeous ;  nor  is  the  French  botanist  satisfied  that  some  specimens  of  supposed 
palm  wood  from  the  coal-mines  of  Radnitz  in  Bohemia,  described  by  Corda,  really 
oelong  to  palms.  On  the  other  hand,  Corda  has  proved  Flabellaria  borassifolia  ot 
Sternberg  to  be  an  exogenous  plant,  and  Brongniart  contends  that  it  was  allied  to 
tiie  CycadezB.    See  Tableau  dos  Genres  de  V^g^taux  Fossiles.    Paris,  1849. 

f  Prodrome  d*une  Hist,  des  V^giJt.  Fos&  p.  179.  See  also  a  late  paper,  Quart 
Joum.  of  GeoL  Sqc.  London,  1846,  in  whicli  coal-plants  of  Alabama,  fat.  S3^  N., 
collected  by  the  author,  are  identified  by  Mr.  Bunbury  with  British  fossil  species, 
showing  the  great  southern  extension  of  this  flora. 

X  Kdnig,  Joum.  of  Sci.«  vol.  xv.  p.  20.  Mr.  K6nig  informs  me  that  he  no  longer 
believes  any  of  these  fossils  to  be  tree  ferns,  as  he  at  first  stated,  but  that  they 
agree  generically  with  plants  in  our  English  coal-bed&  The  Melville  Island  spe- 
cimens, now  in  Uie  British  Museum,  are  very  obseure  imjpressieua 

g  Fossil  Flora  of  Great  Britain,  by  John  lindley  and  William  HuttoD,  Ssqm, 
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vithovt  serioas  injury,  iinless  in  a  torpid  fitato ;  and  if  exposed  to  heat 
and  mdsture  they  cannot  remain  torpid,  but  wiU  grow,  and  must  there- 
fore  perish.  If,  then,  in  the  latitude  of  Mdvillo  Ishmd,  *I6^  N.,  a  high 
temperature,  and  consequent  humidity,  prevailed  at  that  period  whea 
we  know  the  arctic  seas  were  filled  with  corals  and  large  multilocular 
shells,  how  could  plants  of  tropical  forms  have  flourished  ?  Is  not  the 
bright  %ht  of  equatorial  regions  as  indispensable  a  condition  of  their 
well-being  as  the  sultry  heat  of  the  same  countries  ?  and  how  could 
they  annually  endure  a  night  prolonged  for  three  months  t* 

Now,  in  reply  to  this  objection,  we  mnst  bear  in  mind,  in  the  fiist 
place,  that,  so  far  as  experiments  hare  been  made,  there  is  every  reason 
to  conclude,  that  the  raage  of  intensity  of  light  to  which  hying  plants 
can  accommodate  themselves  is  far  wider  than  that  of  heat.  No  palms 
or  tree  fens  can  live  in  our  temperate  latitudes  without  |»otection  from 
the  cold  ;  but  when  placed  in  hot-houses  they  grow  luxuriantly,  even 
under  a  cloudy  sky,  and  where  much  light  is  intercepted  by  the  gUiss 
and  irame-work.  At  St.  Petersburg,  in  lat.  60^  N.,  these  plants  have 
been  successfully  cultivated  in  hot-houses,  although  there  they  must  ex« 
change  the  perpetual  equinox  of  their  native  r^ions,  for  days  and  nights 
which  are  alternately  protracted  to  ninetera  hours  and  shortened  to 
five.  How  much  farther  towards  the  pole  they  might  continue  to  live, 
provided  a  due  quantity  of  heat  and  moisture  were  supplied,  has  not 
yet  been  deteimined ;  but  8t.  Petersburg  is  probably  not  the  utmost 
limit,  and  we  should  expect  that  in  lat.  65^  at  least,  where  they  would 
never  remain  twenty-four  hours  without  enjoying  the  sun's  light,  they 
might  still  exist. 

It  should  also  be  borne  in  mind,  in  regard  to  tree  ferns,  that  they 
grow  in  the  gloomiest  and  darkest  parte  of  the  forests  of  warm  and 
temperate  regions,  even  extending  to  nearly  the  46th  degree  of  south 
latitude  in  New  Zealand.  In  equatorial  countries,  says  Humboldt,  they 
abound  chiefly  in  the  temperate,  humid,  and  shady  parte  of  mountains. 
As  we  know,  therefore,  th4t  elevation  often  compensates  for  the  effect 
of  latitude  in  the  geographical  distribution  of  plants,  we  may  easily  un- 
derstand that  a  class  of  vegetables,  which  grows  at  a  certain  height  in 
the  torrid  zone,  would  flourish  on  the  plains  at  greater  distances  from 
the  equator,  if  the  temperature,  moisture,  and  other  necessary  condi- 
tions, were  equally  uniform  throughout  the  year. 

Nor  must  we  forget  that  in  all  the  examples  above  alluded  to,  we 
have  been  speaking  of  living  species ;  but  the  coal-plante  were  of  per- 
fectly distinct  species,  nay,  few  of  them  except  the  ferns  and  pines  can 
be  referred  to  genera  or  even  families  of  the  existing  vegetable  kingdom. 
Havii^  a  structure,  therefore,  and  often  a  form  which  appears  to  the 
botanist  so  anomalous,  they  may  also  have  been  endowed  with  a  difler- 


*  FoseO  Flora  of  Great  Britain,  by  John  Lindley  and  William  Button,  Esqra 
Ha  IV. 
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ent  constitution,  enabling  them  to  bear  a  greater  Tariadon  of  circum- 
stances in  regard  to  light.  We  find  that  particular  species  of  plants 
and  tree  ferns  require  at  present  different  degrees  of  beat ;  and  that 
some  species  can  thriye  only  in  the  immediate  neighborhood  of  the 
equator,  others  only  a  distance  from  it.  In  the  same  manner  the  mim^ 
mum  of  liffht,  sufficient  for  the  now  existing  species,  cannot  be  taken 
as  the  standard  for  all  analogous  tribes  that  may  ever  have  flourished 
on  the  globe. 

But  granting  that  the  extreme  northern  point  to  which  a  flora  like 
that  of  the  Carboniferous  era  could  ever  reach,  may  be  somewhere  be- 
tween the  latitudes  of  65^  and  70°,  we  should  still  have  to  inquire 
whether  the  vegetable  remains  might  not  have  been  drifted  from  thence, 
by  rivers  and  currents,  to  the  parallel  of  Melville  Island,  or  still  farther. 
In  the  northern  hemisphere,  at  present,  we  see  that  the  materials  for 
future  beds  of  lignite  and  coal  are  becoming  amassed  in  high  latitudes, 
far  from  the  districts  where  the  forests  grew,  and  on  shores  where 
scarcely  a  stunted  shrub  can  now  exist.  The  Mackenzie,  and  other 
rivers  of  North  America,  carry  pines  with  their  roots  attached  for  many 
hundred  miles  towards  the  north,  into  the  Arctic  Sea,  where  they  are 
imbedded  in  deltas,  and  some  of  them  drifted  still  farther  by  currents 
towards  the  pole. 

Before  we  can  decide  on  thb  question  of  transportation,  we  must 
know  whether  the  fossil  coal-plants  occurring  in  high  latitudes  bear  the 
marks  of  friction  and  of  having  decayed  previously  to  fossilization. 
Many  appearances  in  our  English  coal-fields  certainly  prove  that  the 
plants  were  not  floated  from  great  distances ;  for  the  outline  of  the 
stems  of  succulent  species  preserve  their  sharp  angles,  and  others  have 
their  surfaces  marked  with  the  most  delicate  lines  and  streaks.  Long 
leaves,  also,  are  attached  in  many  instances  to  the  trunks  or  branches  ;* 
and  leaves,  we  know,  in  general,  are  soon  destroyed  when  steeped  in 
water,  although  ferns  will  retain  their  forms  after  an  immersion  of  many 
months.f  It  seems  fair  to  presume,  that  most  of  the  coal-plants  grew 
upon  the  same  land  which  supplied  materials  for  the  sandstones  and 
conglomerates  of  the  strata  in  which  they  are  imbedded.  The  coarse- 
ness of  the  particles  of  many  of  these  rocks  attests  that  they  were  not 
borne  from  very  remote  localities,  and  that  there  was  land  therefore  in 
the  vicinity  wasting  away  by  the  action  of  moving  waters.  The  pro- 
gress also  of  modern  discovery  has  led  to  the  very  general  admission  of 
the  doctrine  that  beds  of  coal  have  for  the  most  part  been  formed  of 
the  remains  of  trees  and  plants  that  grew  on  the  spot  where  the  coal 
now  exists;  the  bnd  having  been  successively  submerged,  so  that  a 
covering  of  mud  and  sand  was  deposited  upon  accumulations  of 
vegetable  mater.  That  such  has  been  the  origin  of  some  coal- 
seams  is  proved  by  the  upright  position  of   fossil  trees,   both   in 

•  Fosttl  Flora,  Na  X. 

f  Thb  has  been  proved  by  Mr.  Lindley's  experiments,  ibid.  Na  XYJL 
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Europe  and  America,  in  which  the  roots  terminate  downwards  in  beds 
of  coal* 

To  return,  therefore,  from  this  digression, — the  flora  of  the  coal  ap- 
pears to  indicate  a  miiform  and  mild  temperature  in  the  air,  while  the 
fossils  of  the  contemporaneoos  mountain-limestone,  comprising  abundance 
ci  lamelliferous  corals,  laige  chambered  cephalopods,  and  crinoidea, 
naturally  lead  us  to  infer  a  considerable  warmth  in  the  waters  of  the 
northern  sea  of  the  Carboniferous  period.  So  also  in  regard  to  strata 
older  than  the  coal,  thej  contain  in  high  northern  latitudes  mountain 
masses  oi  corals  which  must  have  lived  and  grown  on  the  spot,  and  large 
chambered  univalves,  such  as  Orthocerata  and  Nautilus,  all  seeming  to 
mdicate,  even  in  regions  bordering  on  the  arctic  circle,  the  former  prey- 
alence  of  a  temperature  more  elevated  than  that  now  prevailing. 

The  warmth  and  humidity  of  the  air,  and  the  uniformity  of  climate, 
both  in  the  different  seasons  of  the  year,  and  in  different  latitudes,  ap- 
pears to  have  been  most  remarkable  when  some  of  the  oldest  of  the  fos- 
siMferous  strata  were  formed.  The  approximation  to  a  climate  similar  to 
that  now  enjoyed  in  these  latitudes  does  not  commence  till  the  era  of  the 
formations  termed  tertiary ;  and  while  the  different  tertiary  rocks  were 
deposited  in  succession,  from  the  eocene  to  the  pliocene,  the  temperature 
seems  to  have  been  lowered,  and  to  have  continued  to  duninish  even  after 
the  appearance  upon  the  earth  of  a  considerable  number  of  the  existing 
species,  the  cold  reaching  its  maximum  of  intensity  in  European  latitudes 
during  the  glacial  epoch,  or  the  epioch  immediately  antecedent  to  that  in 
which  all  the  species  now  contemporary  with  man  were  in  being. 

*  I  have  treated  of  this  sabject  in  my  Manual  of  Qeology,  and  stiU  more  fully 
in  my  Travela  in  N.  America,  vd.  il  p.  178.  For  a  full  aocoant  of  the  facts  at 
pesent  known,  and  the  theories  entertained  by  the  most  eminent  geolo^sts  and 
Dotanists  on  this  subject,  see  Mr.  Horner's  Anniversary  Address  to  the  Qeolog^ical 
Society  of  London,  Februair,  1846.  Consult  also  Sir'H.  de  la  Beche,  on  the  for- 
mation of  rocks  in  South  Vfales,  Memoirs  <£  GeoL  Survey  of  Great  firitaia,  1846 
pw  1  to  294. 
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CHAPTER  Vn. 

FARTHBR  BZAMINATION  OF  THB   QUBSTION  AS  TO  THS  ASSUMED  DISOOB]>- 
AKCK  OF  THX  ANOISNT  AND   MODKBN   0AU8SS  OF   OBAKOK. 

On  the  caoBes  of  yicusitudes  in  climate — Remarlcs  on  the  present  diflfosioQ  of  heat 
over  the  globe — On  the  dependence  of  the  mean  temperature  on  the  relative 
position  of  land  and  sea — Isothermal  Lines — Corrents  f^om  equatorial  regions — 
Drifting  of  icebergs— ^Different  temperature  of  Korthem  and  Southern  hemi- 
spheres-^ombination  of  causes  whidi  mii^t  produce  the  extreme  odd  of  which 
the  earth's  surface  is  susceptible-^Oooditlons  neoessarj  for  the  produotioo  of 
the  extreme  of  heat,  and  its  probable  elfeots  on  oiiganio  life. 

Causes  of  Vicissitudes  in  Climate* — As  the  proofs  enumerated  in  the 
last  chapter  indicate  that  the  earth's  surface  has  experienced  great  cjianges 
of  climate  since  the  deposition  of  the  older  sedimentary  strata,  we  have 
next  to  inquire  how  such  vicissitudes  can  be  reconciled  with  the  existing 
order  of  nature.  The  cosmogonist  has  availed  himself  of  this,  as  of  every 
obscure  problem  in  geology,  to  confirm  his  views  concerning  a  period 
when  the  planet  was  in  a  nascent  or  half-formed  state,  or  when  the  laws 
of  the  animate  and  inammate  world  differed  essentially  from  those  now 
established  ;  and  he  has  in  this,  as  in  many  other  cases,  succeeded  so  far^ 
as  to  divert  attention  from  that  class  of  facts  which,  if  fully  understood, 
might  probably  lead  to  an  explanation  of  the  phenomena.  At  first  it  was 
imagined  that  the  earth's  axis  had  been  for  ages  perpendicular  to  the 
plane  of  the  ecliptic,  so  that  there  was  a  perpetual  equinox,  and  unifor- 
mity of  seasons  throughout  the  year ; — that  the  planet  enjoyed  this 
*'  paradisiacal"  state  imtil  the  era  of  the  great  flood ;  but  in  that  catas- 
trophe, whether  by  the  shock  of  a  comet,  or  some  other  convulsion,  it 
lost  its  equal  poise,  and  hence  the  obliquity  of  its  axis,  and  with  that  the 
varied  seasons  of  the  temperate  zone,  and  the  long  nights  and  days  of 
the  polar  circles. 

When  the  progress  of  astronomical  science  had  exploded  this  theory, 
it  was  assumed,  that  the  earth  at  its  creation  was  in  a  state  of  fluidity, 
and  red-hot,  and  that  ever  since  that  era,  it  had  been  cooling  down,  con* 
tracting  its  dimensions,  and  acquiring  a  solid  crust, — an  hypothesis  hardly 
less  arbitrary,  yet  more  calculated  for  lasting  popularity ;  because,  by  re- 
ferring the  mind  directly  to  the  beginning  of  things,  it  requires  no  sup- 
port from  observation,  nor  f^m  any  ulterior  hypothesis.     Bi}t  if,  instead 

*  The  theory  proposed  in  this  and  tlie  following  chapters,  to  account  for  former 
fluctuations  of  climate  at  successive  geological  periods,  agrees  in  every  essential 
particular,  and  has  indeed  been  reprinted  almost  verbatim  from  that  published  by 
me  twentv  years  ago  in  the  first  edition  of  my  Principles,  1880.  It  was  referred  to 
by  Sir  John  F.  W.  llerschel  in  his  Discourse  on  Naturid  Philosophy,  published  in 
1880.  In  preceding  works  the  gradual  diminution  of  the  earth's  central  heat  was 
almost  the  only  cause  assigned  for  the  admowledged  diminution  of  the  superficial 
^•emperature  of  our  planet 
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of  fomuDg  vagae  ccmjectures  as  to  what  might  hare  been  the  state  of 
the  planet  at  the  era  of  its  creation,  we  fix  our  thoughts  on  the  coDnection 
at  present  existing  between  climate  and  the  distribution  of  land  and  sea ; 
and  then  consider  what  influence  former  fluctuations  in  the  physical 
geography  of  the  earth  must  have  had  on  superficial  temperatuiei  we  may 
perhaps  approximate  to  a  true  theory.  If  doubts  and  obscurities  still 
renuun,  they  should  be  ascribed  to  our  limited  acquuntance  with  the 
laws  of  Nature,  not  to  reTolutions  in  her  economy ; — they  should  stun- 
ulate  us  to  farther  research,  not  te^Ipt  us  to  indulge  our  fancies  respect- 
ing the  imaginary  changes  of  internal  temperature  in  an  embryo  world. 

Diffunon  of  Heai  over  th&  Globe, — ^In  considering  the  laws  which  reg- 
ulate the  diffuaon  of  heat  over  the  globe,  we  must  be  careful,  as  Hum- 
boldt well  remarks,  not  to  regard  the  climate  of  Europe  as  a  type  of  the 
temperature  which  all  countries  placed  under  the  same  latitude  enjoy. 
The  physical  sdenoes,  observes  this  philosopher,  always  bear  the  impress 
of  the  places  where  they  began  to  be  cultivated ;  and  as,  m  geology,  an 
attempt  was  at  first  made  to  refer  all  the  volcanic  phenomena  to  those 
of  the  volcanoes  in  Italy,  so  in  meteorology,  a  small  part  of  the  old  world, 
the  centre  of  the  primitive  civilization  d  Europe,  was  for  a  long  time 
considered  a  type  to  which  the  climate  of  all  corresponding  latitudes 
might  be  referred.  But  this  region,  constituting  only  one-seventh  of  the 
whole  globe,  proved  eventually  to  be  the  exception  to  the  general  rule. 
For  the  same  reason,  we  may  warn  the  geologist  to  be  on  his  guard,  and 
not  hastily  to  assume  that  the  temperature  of  the  earth  in  the  present 
era  is  a  type  of  that  which  most  usually  obtains,  since  he  contemplates 
far  mightier  alterations  in  the  position  of  land  and  sea,  at  different  epochs, 
than  those  which  now  cause  the  climate  of  Europe  to  differ  from  that  of 
other  countries  in  the  same  parallels. 

It  is  now  well  ascertained  that  zones  of  equal  warmth,  both  in  the 
atmosphere  and  in  the  waters  of  the  ocean,  are  neither  parallel  to  the 
equator  nor  to  each  other.*  It  is  also  known  that  the  mean  annual 
temperature  may  be  the  same  m  two  places  which  enjoy  very  different 
climates,  for  the  seasons  may  be  nearly  uniform,  or  violently  contrasted, 
so  that  the  lines  of  equal  winter  temperature  do  not  coincide  with  those 
of  equal  annual  heat  or  isothermal  lines.  The  deviations  of  all  these 
Imes  from  the  same  parallel  of  latitude  are  determined  by  a  multitude 
of  circumstances,  among  the  principal  of  which  are  the  position,  direc- 

*  We  are  indebted  to  Baron  Alex,  voo  Hiunboldt  for  hayln|f  first  collected  to- 
gether the  scattered  data  on  which  he  founded  an  approximation  to  a  true  theor  j 
of  the  dbtribvtioD  of  heat  over  the  globe.  Many  of *toeBe  data  were  derived  from 
the  autbor's  own  obeervatioos^  and  many  from  the  works  of  M.  Pierre  Prevost,  of 
Geneva,  on  the  radiation  of  heat,  and  from  other  writers. — See  Humboldt  on  Iso- 
thermal lines,  M^moires  d'Arcueil,  torn.  iii.  translated  in  the  Edin.  Phil  Joum. 
vol  ia  July,  1820. 

The  map  of  Isotheimal  Lines,  recently  published  by  Humboldt  and  Doye  (1848), 
supplies  a  large  body  of  well-established  data  for  such  mvestigations,  of  which  Mr. 
Hopkins  has  most  ably  availed  himself  in  an  essay  "  On  the  Causes  which  may  haye 
prodnoed  Changtts  in.tha  earth's  Sup^r^cial  TemperatQre.''~Q.  Joum.  QeoL  Soa 
1852,  p.  66. 
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tioD,  and  elevation  of  the  continents  and  islands,  the  pontion  and  depths 
of  the  sea,  and  the  direction  of  currents  and  of  winds. 

On  comparing  the  two  continents  of  Europe  and  America,  it  is  found 
that  places  in  the  same  latitudes  have  sometimes  a  mean  difference  of 
temperature  amounting  to  11^  or  even  in  a  few  cases  to  17^  Fahr. ;  and 
some  places  on  the  two  continents,  which  have  the  same  mean  tempera- 
ture, differ  from  1^  to  17**  in  latitude.  Thus,  Cumberland  House,  in 
North  America,  having  the  same  latitude  (54^  N.)  as  the  city  of  York 
in  England,  stands  on  the  isothermal  line  of  82^,  which  in  Europe  rises 
to  the  North  Cape,  in  lat.  71°,  but  its  summer  heat  exceeds  that  of 
Brussels  or  Paris.*  The  principal  cause  of  greater  intensity  of  cold  in 
corresponding  latitudes  of  North  America,  as  contrasted  with  Europe, 
is  the  connection  of  America  with  the  polar  circle,  by  a  large  tract  of 
land,  some  of  which  is  from  three  to  five  thousand  feet  in  height ;  and, 
on  the  other  hand,  the  separation  of  Europe  from  the  arctic  circle  by  an 
ocean.  The  ocean  has  a  tendency  to  preserve  everywhere  a  mean  tem- 
perature, which  it  communicates  to  the  contiguous  land,  so  that  it  tem- 
pers the  climate,  moderating  alike  an  excess  of  heat  or  cold.  The*  eleva- 
ted land,  on  the  other  hand,  rising  to  the  colder  regions  of  the  atmo- 
sphere, becomes  a  great  reservoir  of  ice  and  snow,  arrests,  condenses, 
and  congeals  vapor,  and  communicates  its  cold  to  the  adjoining  countty. 
For  this  reason,  Greenland,  forming  part  of  a  continent  which  stretches 
northward  to  the  82d  degree  of  latitude,  experiences  under  the  60th 
parallel  a  more  rigorous  climate  than  Lapland  under  the  72d  parallel. 

But  if  land  be  situated  between  the  40th  parallel  and  the  equator,  it 
produces,  unless  it  be  of  extreme  height,  exactly  the  opposite  effect ; 
for  it  then  warms  the  tracts  of  land  or  sea  that  intervene  between  it  and 
the  polar  circle.  For  the  surface  being  in  this  case  exposed  to  the  ver- 
tical, or  nearly  vertical  rays  of  the  sun,  absorbs  a  latge  quantity  of  heat, 
which  it  diffuses  by  radiation  into  the  atmosphere.  For  this  reason,  the 
western  parts  of  the  old  continent  derive  warmth  from  Africa, ''  which, 
like  an  immense  furnace,  distributes  its  heat  to  Arabia,  to  Turkey  in 
Asia,  and  to  Europe. '*f  On  the  contrary,  the  northeastern  extremity 
of  Asia  experiences  in  the  same  latitude  extreme  cold ;  for  it  has  land 
on  the  north  between  the  60th  and  70th  parallel,  while  to  the  south  it 
is  separated  from  the  equator  by  the  Pacific  Ocean. 

In  consequence  of  the  more  equal  temperature  of  the  waters  of  the 
ocean,  the  climate  of  islands  and  of  coasts  differs  essentially  from  that 
of  the  interior  of  continents,  the  more  maritime  climate  being  charac- 
teriaed  by  mild  winters,  and  more  temperate  summers ;  for  the  sea-breezes 
moderate  the  coML  of  winter,  as  well  as  the  heat  of  summer.  When, 
therefore,  we  trace  round  the  globe  those  belts  in  which  the  mean  annual 
temperature  is  the  same,  we  often  find  great  differences  in  climate ;  for 
there  are  insular  climates  in  which  the  seasons  are  neariy  equalized,  and 

•  Sir  J.  RiduirdMii'B  Appendix  to  Sir  0.  Badi's  Jovnal,  1848—1845,  p.  47a 
\  Malte-Brun^  Fhys.  GeoL  book  xyii. 
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exeesnve  climates,  as  they  have  been  termed,  where  the  temperature  of 
winter  and  summer  is  strongly  contrasted.  The  whole  of  Europe,  com- 
pared inth  the  eastern  parts  of  America  and  Asia,  has  an  insular  climate. 
The  northern  part  of  China,  and  the  Atlantic  region  of  the  United  States, 
exhibit  "  excessive  climates."  We  find  at  New  York,  says  Humboldt» 
the  summer  of  Rome  and  the  winter  of  Copenhagen ;  at  Quebec,  the 
summer  of  Paris  and  the  winter  of  Petersburg.  At  Pekin,  in  China, 
where  the  mean  temperature  of  the  year  is  that  of  the  coasts  of  Brittany, 
the  scorching  heats  of  summer  are  greater  than  at  Cairo,  and  the  win- 
ters as  rigorous  as  at  IJpsala.* 

If  lines  be  drawn  round  the  globe  through  all  those  places  which 
have  the  same  winter  temperature,  they  are  found  to  deviate  from  the 
terrestrial  parallels  much  farther  than  the  lines  of  equal  mean  annual 
heat.  The  lines  of  equal  winter  in  Europe,  fa  example,  are  often 
curved  so  as  to  reach  parallels  of  latitude  9°  or  10^  distant  from  einch 
other,  whereas  the  isothermal  lines,  or  those  passing  through  places 
having  the  same  mean  annual  temperature,  differ  only  from  4^  to  5^ 
in  Europe. 

Infiuenee  of  currents  and  drift  dee  on  temperature, — Among  other  in- 
fluential causes,  both  of  remarkable  diversity  in  the  mean  annual  heat, 
and  of  unequal  division  of  heat  in  the  different  seasons,  are  the  direc- 
laon  of  currents  and  the  accumulation  and  drifting  of  ice  in  high  lati- 
tudes. The  temperature  of  the  Lagullas  current  is  10^  or  12°  Fahr. 
above  that  of  the  sea  at  the  Cape  of  Good  Hope ;  for  it  derives  the 
greater  part  of  its  waters  from  the  Mozambique  channel,  and  south- 
east coast  of  Africa,  and  from  regions  in  the  Indian  Ocean  much  nearer 
the  Ime,  and  much  hotter  than  the  Cape.f  An  opposite  effect  is  pro- 
duced by  the  "equatorial"  current,  which  crosses  the  Atlantic  from 
Africa  to  Brazil,  having  a  breadth  varymg  from  160  to  450  nautical 
miles.  Its  waters  are  cooler  by  3°  or  4°  Fahr.  than  those  of  the  ocean 
under  the  line,  so  that  it  moderates  the  heat  of  the  tropics.| 

But  the  effects  of  the  Gulf  stream  on  the  climate  of  the  North  At- 
lantic Ocean  are  far  more  remarkable.  This  most  powerful  of  known 
eorrents  has  its  source  in  the  Gulf  or  Sea  of  Mexico,  which,  like  the 
Mediterranean  and  other  close  seas  in  temperate  or  low  latitudes,  is 
wanner  than  the  open  ocean  in  the  same  pEuallels.  The  temperature 
of  the  Mexican  sea  in  summer  is,  according  to  Rennell,  86°  Fahr.,  or  at 
least  7°  above  that  of  the  Atlantic  in  the  same  latitude.§  From  this 
great  reservoir  or  caldron  of  warm  water,  a  constant  current  pours 
forth  through  the  straits  of  Bahama  at  the  rate  of  8  or  4  miles  an  hour ; 
it  crosses  the  ocean  in  a  northeasterly  direction,  skirting  the  great 
hank  of  Newfoundland,  where  it  still  retains  a  temperature  of  8°  above 
that  of  the  surrounding  sea.  It  reaches  the  Azores  in  about  78  days, 
after  flowing  nearly  3000  geographical  miles,  and  from  thence  it  some- 

*  Go  Iflotbenual  lines,  Ac        f  Remiell  on  OmrsntSi  p^  96.    Loodon,  19M% 
t  Ibid.  p.  163.  §  Ihid.  jk  S6. 
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times  extends  its  course  a  thousand  miles  farther,  so  as  to  reach  the 
Bay  of  Biscay,  still  retaining  an  excess  of  5^  aboye  the  mean  tempera- 
ture of  that  sea.  As  it  has  been  known  to  arriye  there  in  the  months 
of  November  and  January,  it  may  tend  greatly  to  moderate  the  cold 
of  winter  in  countries  on  the  west  of  Europe. 

There  is  a  large  tract  in  the  centre  of  the  North  Atlantic,  between 
the  parallels  of  33^  and  45^  N.  lat.,  which  Rennell  calls  the  "  recipient 
of  the  gulf  water."  A  great  part  of  it  is  covered  by  the  weed  called 
sargasso  {Sargassum  baedferum),  which  the  current  floats  in  abundance 
fro;n  the  Gulf  of  Mexico.  This  mass  of  water  »  nearly  stagnant,  is 
wanner  by  1^  or  10^  than  the  waters  of  the  Atlantic,  and  may  be  com- 
pared to  the  fresh  water  of  a  river  overflowing  the  heavier  salt  water 
of  the  sea.  Rennell  estimates  the  area  of  the  ''recipient,"  together 
with  that  covered  by  the  main  current,  as  being  2000  miles  in  length 
from  E.  to  W.,  and  350  in  breadth  from  N.to  S.,  which,  he  remarks, 
is  a  larger  area  than  that  of  the  Mediterranean.  The  heat  of  this  great 
body  of  water  is  kept  up  by  the  incessant  and  quick  arrivals  of  fresh 
supplies  of  warm  water  from  the  south ;  and  there  can  be  no  doubt 
that  the  general  climate  of  parts  of  Europe  and  America  is  materially 
affected  by  this  cause. 

It  is  considered  probable  by  Scoresby  that  the  influence  of  the  Gulf 
stream  extends  even  to  the  sea  near  Spitzbeigen,  where  its  waters  may 
pass  under  those  of  melted  ice ;  for  it  has  been  found  that  in  the  neigh- 
borhood of  Spitzbergen,  the  water  is  warmer  by  6°  or  *I^  at  the  depth 
rf  one  hundred  and  two  hundred  fathoms  than  at  the  surface.  This 
might  arise  from  the  known  law  that  fresh  water  passes  the  point  of 
greatest  density  when  cooled  down  below  40^,  and  between  that  and 
the  freeadng  point  expands  again.  The  water  of  melted  ice  might  be 
lighter,  both  as  being  fresh  (having  lost  its  salt  in  the  decomposuig 
process  of  freezing),  and  because  its  temperature  is  nearer  the  freezing 
point  than  the  inferior  water  of  the  Gulf  stream. 

The  great  glaciers  generated  in  the  valleys  of  Spitzbergen,  in  the  79» 
of  north  latitude,  are  almost  all  cut  off  at  the  beach,  being  melted  by 
the  feeble  remnant  of  heat  still  retained  by  the  Gulf  stream.  In 
Baffin's  Bay,  on  the  contrary,  on  the  west  coast  of  Old  Greenland, 
where  the  temperature  of  the  sea  is  not  mitigated  by  the  same  cause, 
and  where  there  is  no  warmer  under-current,  the  glaciers  stretch  out 
from  the  shore,  and  furnish  repeated  crops  of  mountainous  masses  of 
ice  which  float  off  into  the  ocean.*  The  number  and  dimensions  of 
these  bergs  is  prodi^ous.  Captain  Sir  John  Ross  saw  several  of  them 
together  in  Baffin's  Bay  aground  in  water  fifteen  hundred  feet  deep ! 
Many  of  them  are  driven  down  into  Hudson's  Bay,  and  accumulating 
there,  diffuse  excessive  cold  over  the  neighboring  continent ;  so  that 
Captain  Franklin  reports,  that  at  the  mouth  of  Hayes'  River,  which 

*  ficoresbj'B  Arctic  Regiona,  roL  L  p.  208.— Dr.  Latta's  Obeervations  on  the 
Glaciers  of  Spitzbeigen,  Ac.    Edin.  New  PbiL  Joum.  voL  ill  p.  07. 
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lies  in  the  same  latitude  as  the  north  of  Prussia  or  the  south  of  Soot- 
Lmdy  ice  is  found  everywhere  in  digging  wells»  in  summer,  at  the  depth 
of  four  feet !  Other  bergs  have  been  occasionaUy  met  with,  at  mid- 
summer, in  a  state  of  rapid  thaw,  as  far  south  as  lat.  40^  and  longitude 
about  60°  west,  where  they  cool  the  water  sensibly  to  the  distance  of 
forty  or  fifty  miles  around,  the  thermometer  sinking  sometimes  17^,  or 
even  18^,  Fahrenheit,  in  their  neighborhood.*  It  is  a  well-known  fact 
that  every  four  or  five  years  a  large  number  of  icebergs,  floating  from 
Greenland,  double  Cape  Langaness,  and  are  stranded  on  the  west  coast 
ci  Iceland.  The  inhabitants  are  then  aware  that  their  crops  of  hay 
will  fail,  in  consequence  of  fogs  which  are  generated  almost  incessantly ; 
and  the  dearth  of  food  is  not  confined  to  the  land,  for  the  temperature 
of  the  water  is  so  changed  that  the  fish  entirely  desert  the  coast. 

Difference  of  climate  of  the  Northern  and  Southern  hemispheres, — 
When  we  compare  the  climate  of  the  northern  and  southern  hemispheres, 
we  obtain  still  more  instruction  in  regard  to  the  influence  of  the  distri- 
bution of  land  and  sea  on  climate.  The  dry  land  in  the  southern  hemi- 
sphere is  to  that  of  the  northern  in  the  ratio  only  of  one  to  three,  ex- 
cluding from  our  consideration  that  part  which  lies  between  the  pole  and 
the  78^  of  south  latitude,  which  has  hitherto  proved  inaccessible.  And 
whereas  in  the  northern  hemisphere,  between  the  pole  and  the  thirtieth 
parallel  of  north  latitude,  the  land  and  sea  occupy  nearly  equal  areas, 
the  ocean  in  the  southern  hemisphere  covers  no  less  than  fifteen  parts 
in  sixteen  of  the  entire  space  included  between  the  antarctic  circle  and 
the  thirtieth  parallel  of  south  latitude. 

This  great  extent  of  sea  gives  a  particular  character  to  climates  south 
of  the  equator,  the  wmters  being  mild  and  the  summers  cool.  Thus,  in 
Van  Dieman's  Land,  corresponding  nearly  in  latitude  to  Rome,  the 
winters  are  more  mild  than  at  Naples,  and  the  summers  not  warmer  than 
those  at  Paris,  which  is  7^  farther  from  the  equator.f  The  effects  on 
annual  and  vegetable  life  are  remarkable.  Capt.  King  observed  large 
shrubs  of  Fuchsia  and  Veronica,  wluch  m  England  are  treated  as  tender 
plants,  thriving  and  m  full  flower  m  Tierra  del  Fuego  with  the  tempera- 
ture at  36°.  He  states  also  that  humming  birds  were  seen  sipping  the 
sweets  of  the  flowers  "  after  two  or  three  days  of  constant  rain,  show, 
and  sleet,  during  which  time  the  thermometer  had  been  at  the  freezing 
point."  Mr.  Darwin  also  saw  parrots  feeding  on  the  seeds  of  a  tree 
called  the  printer's  bark,  south  of  lat  55°,  near  Cape  Hom.| 

So  the  orchideous  plants  which  are  parasitical  on  trees,  and  are  gen- 
erally characteristic  of  the  tropics,  advance  to  the  38th  and  42d  degree 
of  S.  lat.,  and  even  beyond  the  45  th  degree  in  New  Zealand,  where 
they  were  found  by  Forster.  In  South  America  also  arborescent  grasses 
abound  in  the  dense  forests  of  Chiloe,  in  lat.  42°  S.,  where  "  they  en- 
twine the  trees  into  one  entangled  mass  to  the  height  of  thirty  or  forty 

*  ReDoell  on  Oorrenta,  p.  95.  f  Humboldt  on  Isotbemud  Linei. 

I  Jonrn.  of  Travels  in  S.  America,  4&c.  p.  272. 
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feet  above  the  ground.  Palm-trees  in  the  same  quarter  of  the  globe 
grow  in  lat.  37^,  an  arborescent  grass  very  like  a  bamboo  in  40^,  and 
another  closely  allied  kind,  of  great  length,  but  not  erect,  even  as  far 
south  as  46®."* 

It  has  long  been  supposed  that  the  general  temperature  of  the  southezn 
hemisphere  was  considerably  lower  than  that  of  the  northern,  and  that 
the  difference  amounted  to  at  least  10®  Fahrenheit  Baron  Humiboldt, 
after  collecting  and  comparing  a  great  number  of  observations,  came  to 
the  conclusion  that  even  a  much  larger  difference  ensted,  but  that  none 
was  to  be  observed  within  the  tropics,  and  only  a  small  difference  as  far 
as  the  thirty-fifth  and  fortieth  parallel.  Captain  Cook  was  of  opinion 
that  the  ice  of  the  antarctic  predominated  greatly  over  that  of  the  arctic 
region,  that  encircling  the  southern  pole  coming  nearer  to  the  equator 
by  10®  than  the  ice  around  the  north  pole.  All  the  recent  voyages  ot 
discovery  have  tended  to  confirm  this  opinion,  although  Capt.  Weddel 
penetrated,  in  1823,  three  degrees  farther  south  than  Capt.  Cook,  reach- 
ing lat.  Y4°  16'  South,  long.  34°  17'  West,  and  Sir  James  Ross,  in  1842, 
arrived  at  lat.  78®  10'  S„  as  high  a  latitude,  within  three  degrees,  as 
the  farthest  point  attained  by  Captain  Parry  in  the  arctic  circle,  or  lat. 
81®  12'  North. 

The  description  given  by  ancient  as  well  as  modem  navigators  of  the 
sea  and  land  in  high  southern  latitudes,  clearly  attests  the  greater  se- 
verity of  the  climate  as  compared  to  arctic  regions.  In  Sandwich  Land, 
in  lat.  69®  S.,  or  in  nearly  the  same  parallel  as  the  north  of  Scotland, 
Capt.  Cook  found  the  whole  country,  from  the  summits  of  the  mountains 
down  to  the  very  brink  of  the  sea-clifis,  "  covered  many  fathoms  thick 
with  everlasting  snow,"  and  this  on  the  1st  of  February,  the  hottest  time 
of  the  year ;  and  what  is  still  more  astonishing,  in  the  island  of  S.  Georgia, 
which  is  in  the  64®  south  latitude,  or  the  same  parallel  as  Yorkshire,  the 
line  of  perpetual  snow  descends  to  the  level  of  the  ocean.f  When  we 
consider  this  fact,  and  then  recollect  that  the  highest  mountains  in  Scot- 
land, which  ascend  to  an  elevation  of  nearly  6000  feet,  and  are  four  de- 
grees farther  to  the  noith,  do  not  attain  the  limit  of  perpetual  snow  on 
our  side  of  the  equator,  we  learn  that  latitude  is  one  only  of  many  pow- 
erful causes,  which  determine  the  climate  of  particular  regions  of  the 
globe.  Capt.  Sir  James  Koss,  in  his  exploring  expedition  in  1841-3, 
found  that  the  temperature  south  of  the  60th  d^ree  of  latitude  seldom 
rose  above  32®  Fahr.  During  the  two  summer  months  of  the  year  1841 
(January  and  February)  the  range  of  the  thermometer  was  between  11® 
and  32®  Fahr. ;  and  scarcely  once  rose  above  the  freezing  point.  The 
permanence  of  snow  in  the  southern  hemisphere,  is  in  this  instance  partly 
due  to  the  floating  ice,  which  chills  the  atmosphere  and  condenses  the 

*  Darwin's  travels  in  S.  America,  p.  271. 

f  Mr.  Hopkins  raises  the  question  whether,  in  South  Georgia,  the  descent  of 
glaiciers  to  the  margin  of  the  sea  might  not  have  been  mistaken  by  Capt  Cook  for 
the  descent  of  the  snow-line  to  the  sea  level.  Quart  Joura  GeoL  Soa  p^  86. 
1862.  The  great  navigator  is  generally  very  accurate,  and  there  seem  to  be  n« 
observations  of  more  recent  date  either  to  confirm  or  invalidate  his  statemeota. 
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▼apor,  80  that  in  summer  the  sun  cannot  pierce  through  the  foggy  air. 
But  besides  the  abundance  of  ice  which  covere  the  sea  to  the  south  of 
Georgia  and  Sandwich  Land,  we  may  also,  as  Humboldt  suggests,  as- 
cribe the  cold  of  those  countries  in  part  to  the  absence  of  land  between 
them  and  the  tropics. 

If  Africa  and  New  Holland  extended  farther  to  the  south,  a  diminu- 
tion of  ice  would  take  place  in  consequence  of  the  radiation  of  heat  from 
these  continents  during  summer,  which  would  warm  the  contiguous  sea 
and  rarefy  the  air.  The  heated  aerial  currents  would  then  ascend  and 
flow  more  rapidly  towards  the  south  pole,  and  moderate  the  winter. 
In  confirmation  of  these  views,  it  is  stated  that  the  ice,  which  extends  as 
far  as  the  68^  and  71°  of  south  latitude,  advances  more  towards  the 
equator  whenever  it  meets  an  open  sea ;  that  is,  where  the  extremities 
of  the  present  continents  are  not  opposite  to  it ;  and  this  circumstance 
seems  explicable  only  on  the  principle  above  alluded  to,  of  the  radiation 
of  heat  from  the  lands  so  situated. 

The  cold  of  the  antarctic  regions  was  conjectured  by  Cook  to  be  due 
to  the  existence  of  a  large  tract  of  land  between  the  seventieth  degree 
of  south  latitude  and  the  pole.  The  justness  of  these  and  other  specu- 
lations of  that  great  navigator  have  since  been  singularly  confirmed  by 
the  investigation  made  by  Sir  James  Ross  in  1841.  He  found  Victoria 
Land,  extending  from  71°  to  70°  S.  latitude,  skirted  by  a  great  bar- 
rier of  ice,  the  height  of  the  land  ranging  from  4000  to  14,000  feet, 
the  whole "  entirely  covered  with  snow,  except  a  narrow  ring  of  black 
earth  surrounding  the  huge  crater  of  the  active  volcano  of  Mount 
Erebus,  rising  12,400  feet  above  the  level  of  the  sea.  The  position  of 
a  mountainous  territory  of  such  altitude,  so  near  the  pole,  and  so  ob- 
vious a  source  of  intense  cold,  fully  explains  why  Graham's  and  Ender- 
by*s  Land,  discovered  by  Captain  Biscoe  in  1831-'2  (between  lat.  64^'  and 
68^  S.),  presented  a  most  wintry  aspect,  covered  even  in  summer  with 
ice  and  snow,  and  nearly  destitute  of  animal  life.  In  corresponding 
latitudes  of  the  northern  hemisphere  we  not  only  meet  with  herds  of 
wild  herbivorous  animals,  but  with  land  which  man  himself  inhabits, 
and  wliei-e  he  has  even. built  ports  and  inland  villages.* 

The  distance  to  which  icebergs  float  from  the  polar  regions  on  the 
opposite  sides  of  the  line  is,  as  might  have  been  anticipated,  very  differ- 
enti  Their  extreme  limit  in  the  northern  hemisphere  is  lat.  40°,  as 
before  mentioned,  and  they  are  occasionally  seen  in  lat.  42°  N.,  near 
the  termination  of  the  great  bank  of  Newfoundland,  and  at  the  Azores, 
lat.  42°  N.,  to  which  they  are  sometimes  drifted  from  Baffin's  Bay. 
But  in  the  other  hemisphere  they  have  been  seen,  within  the  last  few 
years,  at  different  points  off  the  Cape  of  Good  Hope,  between  lat. 

*  After  all  theae  modem  diacoveriea,  the  area  still  unexplored,  within  the  an- 
tarctic circle,  is  more  than  double  the  area  of  Europe.  The  sorfiuBe  of  the  latter 
eontaios  abcmt  2,798,000  square  ffeographical  miles.  The  tmezplored  antareUo  re- 
gion, as  caknkted  fiv  me  by  Mr.  Gardner,  m  1840,  equalled  about  7,630,000 
fqoare  milesb 
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Fig.! 


Iceberg  seen  off  the  Cape  of  Good  Hope,  April,  1839. 
Lat890l8'8.    Long.  480  4«' £. 

36®  and  39°.*  One  of  these  (see  fig.  2)  was  two  miles  in  circumfer- 
ence, and  160  feet  high,  appearing  like  chalk  when  the  sun  was  ob- 
scured, and  having  the  lustre  of  refined  sugar  when  the  sun  was  shining 
on  it.  Others  rose  from  250  to  300  feet  above  the  level  of  the  sea,  and 
were  therefore  of  great  volume  below ;  since  it  is  ascertained  by  experi- 
ments on  the  buoyancy  of  ice  floating  in  sea-water,  that  for  every  cubic 
foot  seen  above,  tiiere  must  at  least  be  eight  cubic  feet  below  water.f 
If  ice  islands  from  the  north  polar  regions  floated  as  far,  they  might 
reach  Cape  St.  Vincent,  and  there,  being  drawn  by  the  current  that 
always  sets  in  from  the  Atlantic  through  the  Stnuts  of  Gibraltar,  be 
drifted  into  the  Mediterranean,  so  that  the  serene  sky  of  that  delightful 
region  might  soon  be  deformed  by  clouds  and  mists. 

Before  the  amount  of  difference  between  the  temperature  of  the  two 
hemispheres  was  ascertained,  it  was  referred  by  many  astronomers  to 
the  precession  of  the  equinoxes,  or  the  acceleration  of  the  earth's  mo- 
tion in  its  perihelium ;  in  consequence  of  which  the  spring  and  summer 
of  the  southern  hemisphere  are  now  shorter,  by  nearly  eight  days,  than 
those  seasons  north  of  the  equator.  But  Sir  J.  Herschel  reminds  us 
that  the  excess  of  eight  days  in  the  duration  of  the  sun's  presence  in 
the  northern  hemisphere  is  not  productive  of  an  excess  of  annual  light 
and  heat ;  since,  according  to  Uie  laws  of  elliptic  motion,  it  is  demon- 
strable that  whatever  be  the  ellipticity  of  the  earth's  orbit,  the  two 
hemispheres  must  receive  equal  absolute  quantities  of  light  and  heat 
per  annum,  the  proximity  of  the  sun  in  perigee  exactly  compensating 
the  eff*ect  of  its  swifter  motion.J  Humboldt,  however,  observes,  that 
there  must  be  a  greater  loss  of  heat  by  radiation  in  the  southern  bemi- 

*  On  icebergs  in  low  latitudes,  by  Capt.  Horsborgh,  by  whom  the  sketch  was 
made.    PhiL  Trans.  1880. 

{Sooresby's  Arctic  Regions,  vol.  I  p.  284. 
This  follows,  observes  Herschel,  from  a  very  simple  theorem,  which  may  be 
thus  stated : — ^^The  amount  of  heat  received  by  the  earth  firom  the  sun,  while  de- 
Bcrihing  anj  part  of  its  orbit,  is  proportional  to  the  angle  described  round  the 
sun's  centre."  So  that  if  the  orbit  oe  divided  into  two  portions  by  a  line  drawn 
in  any  direetion  throueh  the  sun's  centre,  the  heat  received  in  describing  the  two 
unequal  segments  of  the  eclipse  so  produced  wUl  be  equaL  GeoL  Trans.  toL  iii 
part  il  p.  298 ;  second  series. 
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sphere  during  a  winter  longer  by  eight  days  than  that  on  the  other  side 
of  the  equator.* 

Perhaps  no  very  sensible  effect  may  be  produced  by  this  source  of 
disturbance ;  yet  the  geologist  should  bear  in  mind  that  to  a  certain 
extent  it  operates  alternately  on  each  of  the  two  hemispheres  for  a 
period  of  upwards  of  10,000  years,  dividing  unequally  the  times  during 
which  the  annual  supply  of  solar  light  and  heat  is  received.  This 
cause  may  sometimes  tend  to  counterbalance  inequalities  of  temperature 
resulting  from  other  far  more  influential  circumstances;  but»  on  the 
other  hand,  it  must  sometimes  tend  to  increase  the  extreme  of  deviation 
arising  from  particular  combinations  of  causes. 

But  whatever  may  be  at  present  the  inferiority  of  heat  in  the  temper- 
ate and  (rigid  asones  south  of  the  line,  it  is  quite  evident  that  the  cold 
would  be  fax  more  intense  if  there  happened,  instead  of  open  sea,  to  be 
tracts  of  elevated  land  between  the  65th  and  70th  parillel;  and,  on  the 
other  hand,  the  cold  would  be  moderated  if  there  were  more  land  be- 
tween the  line  and  the  forty-fifth  degree  of  south  latitude. 

Changes  in  the  position  of  land  and  sea  may  give  rise  to  vicissitudes 
in  climate. — Having  offered  these  brief  remarks  on  the  diffusion  of  heat 
over  the  globe  in  the  present  state  of  the  surface,  I  shall  now  proceed 
to  speculate  on  the  vicissitudes  of  climate,  which  must  attend  those 
endless  variations  in  the  geographical  features  of  our  planet  which  are 
contemplated  in  geology.  That  our  speculations  may  be  confined  with- 
in the  strict  limits  of  analogy,  I  shall  assume,  Ist,  That  the  proportion 
of  dry  land  to  sea  continues  always  the  same.  2dly,  That  the  volume 
of  the  land  rising  above  the  level  of  the  sea  is  a  constant  quantity ;  and 
not  only  that  its  mean,  but  that  its  extreme  height,  is  liable  only  to 
trifling  variations.  3dly,  That  both  the  mean  and  extreme  depth  of 
the  sea  are  invariable ;  and  4thly,  It  may  be  consistent  with  due  cau- 
tion to  assume  that  the  grouping  together  of  the  land  in  continents  is  a 
necessary  part  of  the  economy  of  nature ;  for  it  is  possible  that  the 
laws  which  govern  the  subterranean  forces,  and  which  act  simulta- 
neously along  certain  lines,  cannot  but  produce,  at  every  epoch,  con- 
tinuous mountain-chains ;  so  that  the  subdivision  of  the  whole  land  into 
innumerable  islands  may  be  precluded. 

K  it  be  objected,  that  the  maximum  of  elevation  of  land  and  depth 
of  sea  are  probably  not  constant,  nor  the  gathering  together  of  all  the 
]aod  in  certain  parts,  nor  even  perhaps  the  relative  extent  of  land 
and  water,  I  reply,  that  the  arguments  about  to  be  adduced  will  be 
strengthened  if*  in  these  peculiarities  of  the  surface,  there  be  consider- 
able deviations  from  the  present  type.  If,  for  example,  all  Other  cir- 
comstances  being  the  same,  the  land  is  at  one  time  more  divided  into 
iBlands  than  at  another,  a  greater  uniformity  of  climate  might  be  pro- 
duced, the  mean  temperature  remaining  unaltered ;  or  if,  at  another  era, 
there  were  mountains  higher  than  the  Himalaya,  these,  when  placed  in 

*  On  iBothermal  lines. 
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high  latitudes,  would  cause  a  greater  excess  of  cold.  Or,  if  we  suppose 
that  at  certain  periods  no  chain  of  hills  in  the  world  rose  beyond  the 
height  of  10,000  feet,  a  greater  heat  might  then  have  prevailed  than  is 
compatible  with  the  existence  of  mountains  thrice  that  elevation. 

However  constant  may  be  the  relative  proportion  of  sea  and  land,  we 
know  that  there  is  annually  some  small  variation  in  their  respective 
geographical  positions,  and  that  in  every  century  the  land  is  in  some 
parts  raised,  and  in  others  depressed  in  level,  and  so  likewise  is  the  bed 
of  the  sea.  By  these  and  other  ceaseless  changes,  the  configuration  of 
the  earth's  surface  has  been  remodelled  again  and  again,  since  it  was 
the  habitation  of  organic  beings,  and  the  bed  of  the  ocean  has  been 
lifted  up  to  the  height  of  some  of  the  loftiest  mountains.  The  imagina- 
tion is  apt  to  take  alarm  when  called  upon  to  admit  the  formation  of 
such  irregularities  in  the  crust  of  the  earth,  after  it  had  once  become 
the  habitation  of  living  creatures ;  but,  if  time  be  allowed,  the  opera- 
tion need  ndt  subvert  the  ordinary  repose  of  natiu-e  ;  and  the  result  is 
in  a  general  view  insignificant,  if  we 'consider  how  slightly  the  highest 
mounUdn-chains  cause  our  globe  to  differ  from  a  perfect  sphere. 
Chimborazo,  though  it  rises  to  more  ,than  21,000  feet  above  the  sea, 
would  be  represented,  on  a  globe  of  about  six  feet  in  diameter,  by  a 
grain  of  sand  less  than  one- twentieth  of  an  inch  in  thickness. 

The  superficial  inequalities  of  the  earth,  then,  may  be  deemed  minute 
in  quantity,  and  their  distribution  at  any  particular  epoch  must  be  re- 
garded in  geology  as  temporary  peculiarities,  like  the  height  and  out- 
line of  the  cone  of  Vesuvius  in  the  interval  between  two  eruptions. 
But  although,  in  reference  to  the  magnitude  of  the  globe,  the  uneven- 
ness  of  the  surface  is  so  unimportant,  it  is  on  the  poisition  and  direction 
of  these  small  inequalities .  that  the  state  of  the  atmosphere,  and  both 
the  local  and  general  climate,  are  mainly  dependent. 

Before  considering  the  effect  which  a  material  chatige  in  the  distribu- 
tion of  land  and  sea  must  occasion,  it  may  be  well  to  remark,  how 
greatly  organic  life  may  be  affected  by  those  minor  variations,  which 
need  not  in  the  least  degree  alter  the  general  temperature.  Thus,  for 
example,  if  we  suppose,  by  a  series  of  convulsions,  a  certain  part  of 
Greenland  to  become  sea,  and,  in  compensation,  a  tract  of  land  to  rise 
and  connect  Spitzbergen  with  Lapland, — an  accession  not  greater  in 
amount  than  one  which  the  geologist  can  prove  to  have  occurred  in  cer- 
tain districts  bordering  the  Mediterranean,  within  a  comparatively  mod- 
em period, — this  altered  form  of  the  land  might  cause  an  interchange 
between  the  climate  of  certain  parts  of  North  America  and  of  Europe, 
which  lie  in  corresponding  latitudes.  Many  European  species  of  plants 
and  animals  would  probably  perish  in  consequence,  because  the  mean 
temperature  would  be  greatly  lowered ;  and  others  would  fail  in  Amer- 
ica, because  it  would  there  be  raised.  On  the  other  hand,  in  places 
where  the  mean  annual  heat  remuned  unaltered,  some  species  which 
flourish  in  Europe,  where  the  seasons  are  more  uniform,  would  be  una- 
Jble  to  resist  the  greater  heat  of  the  North  American  simimer,  or  the 
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iotenser  cold  of  the  winter ;  while  others,  now  fitted  by  their  habits  for 
the  great  contrast  of  the  American  seasons,  would  not  be  fitted  for  the 
tMular  chmate  of  Europe.  The  vine,  for  example,  according  to  Hum- 
boldt, can  be  cultivated  with  advantage  10^  farther  north  in  Europe 
thap  in  North  America.  Many  plants  endure  severe  frost,  but  cannot 
ripen  their  seeds  without  a  certain  intensity  of  summer  heat  and  a  cer- 
tain quantity  of  light ;  others  cannot  endure  a  similar  intensity  either  of 
heat  or  cold. 

It  is  now  establbhed  that  many  of  the  existing  species  of  animals 
have  survived  great  changes  in  the  physical  geography  of  the  globe.  If 
such  species  be  termed  modem,  in  comparison  to  races  which  preceded 
them,  their  reknains,  nevertheless,  enter  into  submarine  deposits  many 
hundred  miles  in  length,  and  which  have  since  been  raised  from  the  deep 
to  no  incon^derable  altitude.  When,  therefore,  it  is  shown  that  changes 
in  the  temperature  of  the  atmosphere  may  be  the  consequence  of  such 
physical  revolutions  of  the  surface,  we  ought  no  longer  to  wonder  that 
we  find  the  distribution  of  exiatmg  species  to  be  local,  in  regard  to  lon- 
gitude as  well  as  latitude.  If  all  species  were  now,  by  an  exertion  of 
creative  power,  to  be  difinsed  uniformly  throughout  those  zones  where 
there  is  an  equal  degree  of  heat,  and  in  all  respects  a  similarity  of  cli- 
mate, they  would  begin  from  this  moment  to  depart  more  and  more  from 
their  original  distribution.  Aquatic  and  terrestrial  species  would  be  dis- 
placed, as  Hooke  long  ago  observed,  so  often  as  land  and  water  exchanged 
places ;  and  there  would  also,  by  the  formation  of  new  mountains  and 
other  changes,  be  transpositions  of  climate,  contributing,  in  the  manner 
before  alluded  to,  to  the  local  extermination  of  species.* 

If  we  now  proceed  to  consider  the  circumstances  required  for  a  gen- 
eral change  of  temperature,  it  will  appear,  from  the  facts  and  principles 
already  laid  down,  that  whenever  a  greater  extent  of  high  land  is  col- 
lected in  the  polar  regions,  the  cold  will  augment ;  and  the  same  result 
will  be  produced  when  there  is  more  sea  between  or  near  the  tropics ; 
while,  on  the  contrary,  so  often  as  the  above  conditions  are  reversed, 
the  heat  will  be  greater.  (See  figs.  5  and  6,  p.  111.)  If  this  be  admit- 
ted, it  will  follow,  that  unless  the  superficial  inequalities  of  the  earth  be 
fixed  and  permanent,  there  must  be  never-ending  fluctuations  in  the  mean 
temperature  of  every  zone ;  and  that  the  climate  of  one  era  can  no  more 
be  a  type  of  every  other,  than  is  one  of  our  four  seasons  of  all  the  rest. 

It  has  been  well  said,  that  the  earth  is  covered  by  an  ocean,  in  the 
midst  of  which  are  two  great  islands,  and  many  smaller  ones ;  for  the 
whole  of  the  continents  and  islands  occupy  an  area  scarcely  exceeding 
one-fourth  of  the  whole  superficies  of  the  spheroid.  Now,  according  to 
this  analogy,  we  may  fairly  speculate  on  the  probability  that  there  would 
not  be  usually,  at  any  given  epoch  of  the  past,  more  than  about  one- 
fourth  dry  land  in  a  particular  region  ;  as,  for  example,  near  the  poles, 

*  A  full  oonsideration  of  the  effect  of  changes  in  physical  geography  on  the  disr 
tributioo  and  extinction  of  species  is  given  in  book  lii. 
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or  between  them  and  the  75th  parall^  of  N.  and  S.  latitnde.  If,  there^ 
fore,  at  present  there  should  happen  to  be,  in  both  th^e  quarters  of  the 
globe,  much  mare  than  this  average  proportion  of  land,  some  of  it  in  the 
arctic  region  being  above  five  thousand  feet  in  hdght»  and  if  in  antarctic 
latitudes  a  mountainous  country  has  been  found  varyni^  from  4000  to 
14,000  feet  in  height,  this  alone  affords  ground  for  concluding  that»  m 
the  present  state  of  things,  the  mean  heat  of  the  climate  is  below  that 
which  the  earth's  surface,  in  its  more  ordinary  state,  would  enjoy.  This 
presumption  is  heightened  when  we  reflect  on  the  results  of  the  recent 
soundings  made  by  Sir  James  Boss,  in  the  Southern  Ocean,  and  oon- 
tmued  for  four  successive  years,  eading  1844,  which  seem  to  prove  that 
the  mean  depth  of  the  Atlantic  and  Pacific  is  as  great  as  Laplace  and 
other  eminent  astronomers  had  imagined;*  for  then  we  m%ht  look  not 
only  for  more  than  two-thirds  sea  in  the  frigid  zones,  but  for  water  of 
great  depth,  which  could  not  readily  be  reduced  to  the  freezing  point 
The  same  opinion  is  confirmed,  when  we  compare  the  quantity  of  land 
lying  between  the  poles  and  the  30th  parallels  of  north  and  south  lati- 
tude, with  the  quantity  placed  between  those  parallels  and  the  equator ; 
for,  it  is  clear,  that  we  have  at  present  not  only  more  than  the  usual  de* 
gree  of  cold  in  the  polar  regions,  but  also  less  than  the  average  quantity 
of  heat  within  the  tropics. 

*  For  calculatioDfl  founded  cm  astroDomical  data,  aee  Tomg's  Nat  I4itl,  Leet 
xlvil ;  Mrs.  SomerviUe's  Connez.  of  Phja.  Sci^  sect  14,  p.  110.  Laplace,  eudea- 
yoriDg  to  estimate  the  probable  depth  of  the  sea  from  some  of  the  plienomeDa  of 
the  tides,  says  of  the  ocean  generally,  **  que  sa  profondeur  moyenne  est  du  tndme 
ordre  que  la  hauteur  moyenne  des  oontinens  et  dee  isles  au-dessus  do  son  niveau, 
hauteur  qui  ne  surposse  pas  mille  metres  (8280  ft.)"  Hec  Celeste,  torn,  zl  et 
Syst  du  Monde,  p.  264.  The  expression  "  du  mdme  ordre"  admits  in  mathemati- 
cal language  of  considerable  latitude  of  signification,  and  does  not  mean  that  the 
depth  of  the  water  below  the  level  of  the  sea  corresponds  exactly  to  the  height 
of  the  land  above  it. 

It  appeared  from  the  observations  of  Sir  James  Ross,  communicated  to  me  in 
1849,  by  liimaelf,  and  his  fellow-voyager.  Dr.  Joseph  Hooker,  that  in  latitnde  16° 
3'  S.,  longitude  23°  14'  W.  (the  island  of  Trinidad,  the  nearest  land,  being  486 
miles  distant,  and  bearing  S.  47  W.),  they  sounded  with  a  weight  of  76  lbs.,  and 
4600  fathoms  of  line,  which  ran  out  to  the  very  end,  without  finding  bottoia 
Here  therefore  in  mid-ocean  the  depth  exceeded  27,600  feet  One  of  the  shaUow- 
est  soundings  ever  obtained  in  the  open  sea  during  the  same  survey,  struck  bottom 
with  2677  fathoms,  or  16,062  feet,  latitude  88°  21'  S.,  longitude  9°  4'  E.  ITie 
iurveyors  arrived  at  the  oooclusioo,  that  at  a  moderate  distance  fi-oin  the  shore, 
the  depth  of  the  great  ocean  always  exceeds  4000  feet. 

During  the  American  survey  in  1849,  a  much  greater  depth,  or  6700  fathoms 
(34,200  feet),  was  sounded  in  the  Atlantic  by  Lieut.  Walsh,  without  reaching  the 
bottom,  in  lat  81°  69'  K.,  long.  68°  48'  W.,  or  between  the  Beimudaa  and  the 
Azores.  But  the  deepest  soundings  yet  published  were  taken  Oct  30th  1862,  by 
Capt  Henry  M.  Denham,  R.  N.,  who  reached  bottom  at  7706  fathoms  (46.236  feetj, 
lat  86°  49'  S.,  long.  87°  6'  W.,  the  nearest  land  being  at  the  mouth  of  the  River 
Plate.  A  weight  of  9  lbs.  was  attached  to  the  line,  which  was  one-tenth  of  an  inch  in 
diameter ;  the  day  was  calm,  and  the  line  took  9  hours  24  minutes  to  run  out 
When  the  bottom  was  struck  the  line  was  raised  60  fathoms,  and  then  allowed 
to  run  out  again.  It  struck  at  the  same  point  as  before,  verifying  the  obeervar- 
tiona.  Nevertheless  some  experienced  surveyors  have  remarked  that  the  experi- 
ment would  have  been  more  satisfactory  had  the  weight  been  greater.  The  high- 
est summits  of  the  Himalaya  are  about  ^8,000  feet ;  the  Pacific,  atsoording  loSiia 
sounding,  is  probably  at  some  points  twice  as  deep  as  the  Himalaya  are  high. 
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PonHcn  qf  land  and  sea  vMeh  might  produce  the  extreme  of  coid  of 
wJUcA  the  eartKe  eurfaee  is  sitsc^tihle.'^To  simplify  our  view  of  the 
Tarious  changes  in  climate,  whbh  different  eomhiiiatioDSof  geographical 
circnmstances  may  prodace,  we  shall  first  consider  the  conditions  neees- 
sary  for  bringing  about  the  extreme  of  cold,  or  what  would  have  been 
termed  in  the  language  of  the  old  wntera  the  winter  of  the  "  great 
year,"  or  geological  cycle,  and  afterwards,  the  conditions  requisite  to 
produce  the  maiimum  of  heat,  or  the  summer  <tf  the  same  year. 

To  begin  with  the  northern  hemisphere.  Let  us  suppose  those  hills 
of  the  Italian  peninsula  and  of  Sicily,  which  are  of  comparatively  mod- 
em origin,  and  contain  many  fosal  shells  identical  with  living  species,  to 
subside  again  into  the  sea,  from  which  they  have  been  raised,  and  that  an 
extent  of  land  of  equal  area  and  hoght  (varying  from  one  to  three 
thousand  feet)  should  rise  up  in  the  Arctic  Ocean  between  Siberia  and 
the  north  pole.  In  speaking  of  such  changes,  I  shall  not  allude  to  the 
manner  in  which  I  conceive  it  possible  that  they  may  be  brougiit  about, 
nor  of  the  time  required  for  their  accomplishment-preserving  for  a  future 
occasion,  not  only  the  proofs  that  revolutions  of  equal  magnitude  have 
taken  place,  but  that  analogous  operations  are  stUl  in  gradual  progress. 
The  alteration  now  supposed  in  the  physical  geography  of  the  northern 
regions,  would  cause  additional  snow  and  ice  to  accumulate  where  now 
there  is  usually  an  open  sea ;  and  the  temperature  of  the  greater  part 
of  Europe  would  be  somewhat  lowered,  so  as  to  resemble  more  nearly 
that  of  corresponding  latitudes  of  North  America :  or,  in  other  words, 
it  might  be  necessary  to  travel  about  10®  farther  south  in  order  to  meet 
with  the  same  climate  which  we  now  enjoy.  No  compensation  would 
be  derived  from  the  disappearance  of  land  in  the  Mediterranean  coun- 
tries ;  but  the  contrary,  since  the  mean  heat  of  the  soil  in  those  lati- 
tudes probably  exceeds  that  which  would  belong  to  the  sea,  by  which 
we  imagine  it  to  be  replaced. 

But  let  the  configuration  of  the  surfiEuse  be  still  farther  varied,  and  let 
some  large  district  within  or  near  the  tropics,  such  as  Brazil,  with  its 
plains  and  hills  of  moderate  height,  be  converted  into  sea,  while  lands 
of  equal  elevation  and  extent  rise  up  in  the  arctic  circle.  FrcHn  this 
change  there  would,  in  the  first  place,  result  a  sensible  diminution  of 
temperature  uear  the  tropic,  for  the  Brazilian  soil  would  no  longer  be 
heated  by  the  sun ;  so  that  the  atmosphere  would  be  less  warm,  as  also 
the  neighboring  Atlantic.  On  the  other  hand,  the  whole  of  Europe, 
Northern  Asia,  and  North  America,  would  be  chilled  by  the  enormous 
quantity  of  ice  and  snow,  thus  generated  on  the  new  arctic  contment. 
If,  as  we  have  already  seen,  there  are  now  some  points  in  the  southern 
hemisphere  where  snow  is  perpetual  down  to  the  level  of  the  sea,  in 
latitudes  as  low  as  central  England,  such  might  assuredly  be  the  case 
throughout  a  great  part  of  Europe,  under  the  change  of  <Hrcumstances 
above  supposed :  and  if  at  present  the  extreme  range  of  drifted  icebergs 
is  the  Azores,  they  might  easily  reach  the  equator  after  the  assumed 
alteration.     But  to  pursue  the  subject  still  farther,  let  the  Himakya 
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mouhtains,  with  the  whole  of  Hindostan,  smk  down,  and  their  place  be 
occupied  by  the  Indian  Ocean,  while  an  equal,  extent  of  territory  and 
mountains,  of  the  same  vast  height,  rise  up  between  North  Greenland 
and  the  Orkney  Islands.  It  seems  difficult  to  exaggerate  the  amount 
to  which  the  cUmate  of  the  northern  hemisphere  would  then  be  cooled.* 

But  the  refrigeration  brought  about  at  the  same  time  in  the  southern 
hemisphere,  would  be  nearly  equal,  and  the  difference  of  temperature 
between  the  arctic  and  equatorial  latitudes  would  not  be  much  greater 
than  at  present;  for  no  important  disturbance  can  occur  in  the  climate 
of  a  paJrticular  region  without  its  immediately  affecting  all  'Other  lati- 
tudes, however  remote.  The  heat  and  cold  which  surround  the  globe 
are  in  a  state  of  constant  and  universal  flux  and  reflux.  The  heated 
and  rarefied  air  is  always  rising  and  flowing  from  the  equator  towards 
the  poles  in  the  higher  regions  of  the  atmosphere ;  while  in  the  lower, 
the  colder  air  is  flowing  back  to  restore  the  equilibrium.  Tthat  this  cir< 
culation  is  constantly  going  on  in  the  aerial  currents  is  not  disputed  ;  it 
is  often  proved  by  the  opposite  course  of  ihe  clouds  at  different  heights, 
and  the  fact  has  been  farther  illustrated  in  a  striking  manner  by  two 
recent  events.  The  trade  wind  continually  blows  with  great  force  from 
the  island  of  Barbadoes  to  that  of  St.  Vincent ;  notwithstanding  which, 
during  the  eruption  of  the  volcano  in  the  island  of  St.  Ymcent,  in  1812, 
ashes  fell  in  profusion  from  a  great  height  in  the  atmosphere  upon 
Barbadoes.f  In  like  manner,  during  the  great  eruption  of  Sumbawa, 
in  1815,  ashes  were  carried  to  the  islands  of  Amboyna  and  Banda, 
which  last  is  about  800  miles  east  from  the  site  of  the  volcano.  Yet 
the  southeast  monsoon  was  then  at  its  height];  This  apparent  trans- 
position of  matter  against  the  wind,  confirmed  the  opinion  of  the  exist- 
ence of  a  counter-current  in  the  higher  re^ons,  which  had  previously 
rested  on  theoretical  conclusions  only. 

That  a  corresponding  interchange  takes  place  in  the  seas,  is  demon* 
strated,-  according  to  Humboldt,  by  the  cold  which  is  found  to  exist  at 
great  depths  within  the  tropics ;  and,  amqng  other  proofs,  may  be  men- 
tioned the  mass  of  wanner  water  which  the  Gulf  stream  is  constantly 
bearing  nprthwards,  while  a  cooler  current  flows  fr(mi  the  north  along 
the  coast  .of  Greenland  and  Labrador,  and  helps  to  restore  the  equi- 
librium.§ 

*  Mr.  Hopkins,  reasoning  oo  data  famished  by  Dove's  Isothermal  mape,  has 
arrived  at  toe  very  interesting  conclusion,  that  both  on  Snowdon  and  the  lower 
mountains  of  the  West  of  Ireland  the  snow-line  would  descend  to  within  1000 
feet  of  the  sea  level,  and  glaciers  reach  the  sea,  if  we  could  simply  assume  the 
three  following  geographical  changes : — 

Ist,  The  diversion  of  the  Gulf  stream  from  its  present  northerly  course ;  2dly, 
the  depression  of  the  existing  land  of  Northern  and  Western  £urope,  to  the 
amount  of  no  more  than  600  feet ;  and  Sdly,  a  cold  current  from  the  North  sweep- 
ing over  the  submerged  area.    Quart  Joura  Geol.  Soc.  1862,  p.  86. 

'f  Danieirs  Meteorological  Essays,  p.  108. 

I  Observed  by  J.  Crawfurd,  Esq. 

§  In  speaking  of  the  circulation  of  air  and  water  in  this  chapter,  no  allusion  is 
made  to  the  trade  winds,  or  to  irregularities  in  the  direction  of  currents^  caused 
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Cnrrents  of  colder  and  therefore  specificallj  beayier  water  pass  from 
the  poles  towards  the  equator,  which  cool  the  inferior  parts  of  the 
ocean ;  so  that  the  heat  of  "the  torrid  zone  and  the  cold  of  the  polar 
circle  balance  each  other.  The  refrigeration,  therefore,  of  the  polar  re- 
gions, resulting  from  the  supposed  alteration  in  the  distribution  of  land 
and  sea,  would  be  immediately  communicated  to  the  tropics,  and  from 
them  its  influence  would  extend  to  the  antarotic  circle,  where  the  atmos- 
phere  and  the  ocean  would  be  cooled,  so  that  ic^  and  snow  would,  aug- 
ment. Although  the  mean  temperature  of  higher  latitudes  in  the 
southern  hemisphere  is,  as  beforo  stated,  for  the  most  part,  lower  than 
that  of  the  same  parallels  in  the  northern,  jet,  for  a  considerable  space 
on  each  side  of  the  line,  the  mean  annual  heat  of  the  waters  is  found 
to  be  the  same  in  corresponding  parallels.  If,  therefore,  by  the  new 
position  of  the  land,  the  formation  of  icebergs  had  become  of  common 
occurrence  in  the  northern  temperate  zone,  and  if  these  were  frequendy 
drifted  as  far  as  the  equator,  the  same  degree  of  cold  which  they  gener- 
ated would  immediately  be  communicated  as  far  as  the  tropic  of  Capri- 
corn, and  from  thence  to  the  lands  or  ocean  to  the  south. 

The  freedom,  then,  of  the  circulation  of  heat  and  cold  from  pole  to 
pole  being  duly  considered,  it  will  be  evident  that  the  mean  tempera- 
ture which  may  prevail  at  the  same  point  at  two  distinct  periods,  may 
differ  far  more  widely  than  that  of  any  two  points  in  the  same  parallels 
of  latitude,  at  one  and  the  same  period.  For  the  range  of  temperature,, 
or  in  other  words,  the  curvature  of  the  isothermal  lines  in  a  given  zone, 
and  at  a  given  period,  must  always  be  cireumscribed  within  narrow 
limits,  the  climate  of  each  place  in  that  zone  being  controlled  by  the 
combined  influence  of  the  gec^raphical  peculiarities  of  all  other  parts 
of  the  earth.  Whereas,  if  we  compare  the  state  of  things  at  two  dis- 
tract and  somewhat  distant  epochs,  a  particular  zone  may  at  one  time 
be  under  the  influence  of  one  class  of  disturbing  causes,  and  at  another 
time  may  be  affected  by  an  opposite  combination.  The  lands,  for  ex- 
ample, to  the  north  of  Greenland  cause  the  present  climate  of  North 
America  to  be  colder  than  that  of  Europe  in  the  same  latitudes ;  but 
the  excess  of  cold  is  not  so  great  as  it  would  have  been  if  the  western 
hemisphere  had  been  entirely  isolated,  or  separated  from  the  eastern 
like  a  distinct  planet.  For  not  only  does  the  refrigeration  produced  by 
Greenland  chiU  to  a  certain  extent  the  atmosphere  of  northern  and  west- 
em  Europe,  but  the  mild  climate  of  Europe  reacts  also  upon  North  Amer- 
ica, and  moderates  the  chilling  influence  of  the  adjoinmg  polar  lands. 

To  return  to  the  state  of  the  earth  after  the  changes  above  supposed, 
we  must  not  omit  to  dwell  on  the  important  effects  to  which  a  wide 
expanse  of  perpetual  snow  would  give  rise.  It  is  probable  that  nearly 
the  whole  sea,  from  the  poles  to  the  parallels  of  45°,  would  be  frozen 
over ;  for  it  is  well  known  that  the  immediate  proximity  of  land  is  not 

hj  the  rotary  motion  of  the  earth.  These  causes  prevent  the  movements  from 
bieiDg  direct  from  north  to  south,  or  from  south  to  north,  but  they  do  not  affect 
the  theory  of  a  constant  circulatioa 
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essential  to  the  formation  and  increase  of  field  ice,  provided  there  be  in 
some  part  of  the  same  zone  a  sufficient  quantity  of  glaciers  generated 
on  or  near  the  land,  to  cool  down  the  sea.  Captain  Scoresbj,  in  bis 
account  of  the  ai-ctic  regions,  observes,  that  when  the  sun's  rays  "  fall 
upon  the  snow-clad  surface  of  the  ice  or  land,  they  are  in  a  great  meas- 
ure reflected,  without  producing  any  material  elevation  of  temperature ; 
but  when  they  impinge  on  the  black  exterior  of  a  ship,  the  pitch  on 
one  side  occa^onally  becomes  fluid  while  ice  is  rapidly  generated  at 
the  other."* 

Now  field  ice  is  almost  always  covered  with  snow  ;f  and  thus  not 
only  land  as  extensive  as  our  existing  continents,  but  immense  tracts  of 
sea  in  the  frigid  and  tempierate  zones,  m^ht  present  a  solid  surface 
covered  with  snow,  and  reflecting  the  sun's  rays  for  the  greater  part  of 
the  year.  Within  the  tropics,  moreover,  where  the  ocean  now  pre- 
dominates, the  sky  would  no  longer  be  serene  and  clear,  as  in  the  pres- 
ent era ;  but  masses  of  floating  ice  would  cause  quick  condensations  of 
vapor,  so  that  fogs  and  clouds  would  deprive  the  vertical  rays  of  the 
sun  of  half  their  power.  The  whole  planet,  therefore,  would  receive 
annually  a  smaller  portion  of  the  solar  influence,  and  the  external  crust 
would  part»  by  radiation,  with  some  of  the  heat  which  had  been  accu- 
mulated in  it,  during  a  different  state  of  the  surface.  This  heat  would 
be  dissipated  in  the  spaces  surrounding  our  atmosphere,  which,  accord- 
ing to  the  calculations  of  M.  Fourier,  have  a  temperature  much  inferior 
to  that  of  freezing  water. 

After  the  geographical  revolution  above  assumed,  the  climate  of 
equinoctial  lands  might  be  brought  at  last  to  resemble  that  of  the  pres- 
ent temperate  zone,  or  perhaps  be  far  more  wintry.  They  who  should 
then  inhabit  such  small  isles  and  coral  reefs  as  are  now  seen  in  the 
Indian  Ocean  and  South  Pacific,  would  wonder  that  zoophytes  of  laige 
dimensions  had  once  been  so  prolific  in  their  seas ;  or  if,  perchance, 
they  found  the  wood  and  fruit  of  the  cocoa-nut  tree  or  the  palm  silici- 
fied  by  the  waters  of  some  ancient  mineral  spring,  or  incmsted  with 
calcareous  matter,  they  would  muse  on  the  revolutions  which  had  anni- 
hilated such  genera,  tind  replaced  them  by  the  oak,  the  chestnut,  and 
the  pine.-  With  equal  admiration  would  they  compare  the  skeletons  of 
their  small  lizards  with  the  bones  of  fossil  alligators  and  crocodiles  more 
than  twenty  feet  in  length,  which,  at  a  former  epoch,  had  multiplied 
between  the  tropics :  and  when  they  saw  a  pine  included  in  an  iceberg, 
drifted  from  latitudes  which  we  now  call  temperate,  they  would  be  as- 
tonished at  the  proof  thus  afforded,  that  forests  had  once  grown  where 
nothing  could  be  seen  m  their  own  times  but  a  wilderness  of  snow. 

If  the  reader  hesitate  to  suppose  so  extensive  an  alteration  of  temper- 
ature as  the  probable  consequence  of  geographical  changes,  confined  to 
one  hemisphere,  he  should  remember  how  great  are  the  local  anomalies 
in  climate  now  resulting  from  the  peculiar  distribution  of  land  and  sea 

*  See  Scoreby's  Arctic  Regions,  vol.  I  p.  878.  f  Ibid.  p.  820. 
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in  certain  regions.  Thus,  in  tbe  island  of  South  Georgia,  before  men- 
tioaed  (p.  98),  Cap^in  Cook  found  the  everlasting  snows  descending 
to  the  level  of  the  sea,  between  lat.  54^  and  55^  S. ;  no  trees  or  shrubs 
were  to  be  seen,  and  in  summer  a  few  rocks  only,  after  a  partial  melt- 
ing of  the  ice  and  snow,  were  scantily  covered  with  moss  and  tufts  of 
grass.  If  such  a  climate  can  now  exist  at  the  level  of  the  sea  m  a  lati- 
tude corresponding  to  that  of  Yorkshire  in  spite  of  all  those  equalizmg 
causes  before  enumerated,  by  which  the  mixture  of  the  temperatures  of 
distant  regions  is  faicilitated  throughout  the  globe,  what  rigors  might 
we  not  anticipate  in  a  winter  generated  by  the  transfer  of  the  mountains 
of  India  to  our  arctic  circle ! 

But  we  have  still  to  contemplate  the  additional  refrigeration  which 
might  be  efiEected  by  changes  in  the  relative  position  of  land  and  sea  in 
the  southern  hemisphere.  If  tbe  remaining  continents  were  uansferred 
from  the  equatorial  and  contiguous  latitudes  to  the  south  polar  regions, 
the  intensity  of  cold  produced  might,  perhaps,  render  the  globe  unin- 
habitable. We  are  too  ignorant  of  the  laws  governing  the  direction  of 
subterranean  forces,  to  determine  whether  such  a  crisis  be  within  the 
limits  of  possibility.  At  the  same  time,  it  may  be  observed,  that  no 
distribution  of  land  can  well  be  imagined  more  irregular,  or,  as  it  were, 
capricious,  than  that  which  now  prevails ;  for  at  present,  the  globe  may 
be  divided  into  two  equal  parts,  in  such  a  manner,  that  one  hemisphere 
shaU  be  almost  entirely  covered  with  water,  while  the  other  shall  con- 
tain less  Tvater  than  land  (see  figs.  3  and  4)  ;*  and,  what  is  still  more 
extraordinary,  on  comparing  the  extratropical  lands  in  the  northern  and 
southern  hemispheres,  the  lands  in  the  northern  are  found  to  be  to  those 
in  the  southern  in  the  proportion  of  thirteen  to  one  !f  To  imagine  all 
the  lands,  therefore,  m  high,  and  all  the  sea  in  low  latitudes,  as  deline- 
ated in  fig*.  0,  p.  111,  would  scarcely  be  a  more  anomalous  state  of  the 
surface. 

Fontion  of  land  and  sea  which  might  give  riee  to  the  extreme  of  heat. — 
Let  us  now  turn  from  the  contemplation  of  the  winter  of  the  "  great  year," 
and  consider  the  opposite  train  of  circumstances  which  would  bring  on 
the  spring  and  summer.  To  imagine  all  the  lands  to  be  collected  to- 
gether in  equatorial  latitudes,  and  a  few  promontories  only  to  project 

*  This  is  shown  by  projecting  a  map  on  the  horizon  of  LondoD,  that  is  to  say, 
bv  sapposing  the  eye  ot  the  observer  to  be  placed  above'  that  city,  and  to  see  from 
thence  one  half  of  the  globe.  For  it  so  happens  that  from  that  point,  and  no  other, 
we  shonld  behold  the  greatest  possible  quantity  of  land ;  and  ii  we  are  then  trana- 
ferred  to  the  opposite  or  antipodal  point,  we  should  see  the  greatest  possible  quan- 
tity of  water.  (See  figs.  3  and  4.)  A  singular  fact,  first  pointed  out  by  Mr.  James 
Oardner,  namely,  that  only  one  twenty-seventh  part  of  the  dry  land  has  any  land 
opposite  to  it,  is  intimately  connected  with  this  excess  of  land  in  one  of  mo  two 
hemispheres  above  alluded  to.  Thus,  in  fig.  8,  the  land  shaded  black  in  part  of 
China  answers  to  that  portion  of  the  extremity  of  South  America  and  Tierra  del 
Fuego  which  is  opposite  or  antipodal  to  it,  wiulst  the  dark  spots  in  the  northern 
and  central  parts  of  South  America  represent  Borneo,  Sumatra,  and  other  antipo- 
dal idands  m  tbe  Eastern  Archipelago.  See  Oardner,  GeoL  Soc.  Proceedii^B^ 
1833,  vol  L  p.  488. 

t  Humboldt  on  Isothermal  Lines 
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Hap  showing  the  present  unequal  Diatribution  of  Land  and  Wat»  on  Um 
Surfioce  of  the  Olobk. 


Fig.& 


Fig.  4. 


Fk.  8w  Here  London  Is  Uken  aa  a  centre,  and  we  behold  the  greatest  qnantitj  of  land 
existing  in  one  hemisphere. 


Fig.  L  Here  the  centre  is  the  antipodal  point  to  London,  and  we  see  the  groatart 
qnantltf  of  water  existing  in  one  hemisphere. 

The  hhwk  shading  eiqtreases  Und  haying  land  opposite  or  antipodal  to  It 
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Hats  showing  the  position  of  Land  and  Sea  which  might  produce  the  Extremes 
of  Heat  and  Cold  in  the  Climates  of  the  Globk. 

Fig.  6. 


Extreme  of  Heat 


Fig.  6. 


Extreme  of  Cold. 


OBSXsTATiom.— Theee  mapi  an  Intended  to  show  that  contlii«nte  and  isUndt  hsTlng  th«  asms 
ihape  and  relative  dimensions  as  those  now  eslsting,  might  he  placed  so  as  to  oceapy  either  the 
eqnstorkd  or  polar  regions. 


In  flc.  fis  searcelj  any  of  the  land  extends  from  the  equator  towards  the  poles  beyond  the  80tk 
MrsUeior  Istitode ;  and  fig.  8,  a  rery  small  proportion  of  it  extends  fh>m  the  poles  towsrds  tke 
jBqsstor  bejoBd  tbs  40Ch  psridlel  of  Istltade. 
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beyond  the  thirtietli  parallel,  as  represented  in  the  anneze<f  maps  (figs. 
5  and  6),  would  be  undoubtedly  to  suppose  an  extreme  result  of  geo- 
logical change.  But  if  we  consider  a  mere  approximation  to  such  a  state 
of  things,  it  would  be  sufficient  to  cause  a  general  elevation  of  tempera- 
ture. Nor  can  it  be  r^arded  as  a  visionary  idea,  that  amidst  the  revo- 
lutions of  the  earth's  sur£Gu^e,  the  quantity  of  land  should,  at  certain  pe- 
riods, have  been  simultaneously  lessened  in  the  vicinity  of  both  the  poles, 
and  increased  within  the  tropics.  We  must  recollect  that  even  now  it 
is  necessary  to  Sficend  to  the  height  of  fifteen  thousand  feet  in  the  Andes 
under  the  line,  and  in  the  Himalaya  mountains,  which  are  without  the  tropie^ 
to  seventeen  thousand  feet,  before  we  reach  the  limit  of  perpetual  snow. 
On  the  northern  slope,  indeed,  of  the  Himalaya  range,  where  the  heat  ra- 
diated from  a  great  continent  moderates  the  cold,  there  are  meadows  and 
cultivated  land  at  an  elevation  equal  to  the  height  of  Mont  Blanc*  If  then 
there  were  no  arctic  lands  to  chill  the  atmosphere,  and  freeze  the  sea,  and 
if  the  loftiest  chains  were  near  the  line,  it  seems  reasonable  to  imagine  that 
the  highest  mountains  might  be  clothed  with  a  rich  vegetation  to  their 
summits,  and  that  nearly  all  signs  of  frost  would  disappear  from  the  earth. 

When  the  absorption  of  the  solar  rays  was  in  no  region  impeded,  even 
in  winter,  by  a  coat  of  snow,  the  mean  heat  of  the  earth's  cmst  would 
augment  to  considerable  depths,  and  springs,  which  we  know  to  be  in 
general  an  index  of  the  mean  temperature  of  the  climate,  would  be 
warmer  in  all  latitudes.  The  waters  of  lakes,  therefore,  and  rivers, 
would  be  much  hotter  in  winter,  and  would  be  never  chilled  in  summer 
by  melted  snow  and  ice.  A  remarkable  uniformity  of  climate  would  pre- 
vail amid  the  archipelagoes  of  the  temperate  and  polar  oceans,  where  the 
tepid  waters  of  equatorial  currents  would  freely  circulate.  The  general  hu- 
midity of  the  atmosphere  would  far  exceed  that  of  the  present  period,  for 
increased  heat  would  promote  evaporation  in  all  parts  of  the  globe.  The 
winds  would  be  first  heated  in  their  passage  over  the  tropical  plains,  and 
would  then  gather  moisture  from  the  surface  of  the  deep,  till,  charged  with 
vapor,  they  arrived  at  extreme  northern  and  southern  regions,  and  there 
encountering  a  cooler  atmosphere,  discharged  then:  burden  in  warm  rain. 
If,  during  the  long  night  of  a  polar  winter,  the  snoWs  should  whiten  the 
summits  of  some  arctic  islands,  they  would  be  dissolved  as  rapidly  by  the 
returning  sun,  as  are  the  snows  of  Etna  by  the  blasts  of  the  sirocco. 

We  learn  from  those  who  have  studied  the  geographical  distribution  of 
plants,  that  in  very  low  latitudes,  at  present,  the  vegetation  of  small  islands  re- 
mote from  continents  has  a  peculiar  character ;  the  ferns  and  allied  families, 
in  particular,  bearing  a  great  proportion  to  the  total  number  of  other  plants. 
Other  circumstances  being  the  same,  the  more  remote  the  isles  are  from 
the  continents,  the  greater  does  this  proportion  become.  Thus,  in  the  con- 
tinent of  India,  and  the  tropical  parts  of  New  Holland,  the  proportion  of 
ferns  to  the  phenogamous  plants  is  only  as  one  to  twenty-six ;  whereas* 
in  the  South-Sea  Islands,  it  is  as  one  to  four,  or  even  as  one  to  three.f 

*  Humholdt,  Tahleauz  de  la  Nature,  torn.  I  p  112. 

t  Ad.  BroDgniart,  Oonnd.  G6n6rales  Bur  la  Nat.  de  la  Y^t  ifea  Ann.  dee  S<a«ncea 
Nat.,  Nov.  1828. 
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We  might  expect^  therefore,  in  the  summer  of  the  '*  great  year,"  or 
cycle  of  climate,  that  there  would  he  a  predominance  of  tree  ferns  and 
plants  allied  to  genera  now  called  tropical,  in  the  islands  of  the  wide 
ocean,  while  many  forms  now  confined  to  arctic  and  temperate  regions, 
or  only  found  neaf  the  equator  on  the  summit  of  the  loftiest  mountains, 
would  almost  disappear  from  the  earth.  Then  might  those  genera  of 
animals  return,  of  which  the  memorials  are  preserved  in  the  ancient  rocks 
of  our  continents.  The  pterodactyle  might  flit  again  through  the  air» 
the  huge  iguanodon  reappear  in  the  woods,  and  the  ichthyosaurs  swarm 
ooce  more  in  the  sea.  Coral  reefs  might  be  prolonged  again  beyond 
the  arctic  circle,  where  the  whale  and  the  narwal  now  abound ;  and 
droves  of  turtles  might  begin  again  to  wander  through  regions  now  ten- 
anted by  the  walrus  and  the  seal. 

But  not  to  indulge  too  far  in  these  speculations,  I  may  observe,  in 
conclusion,  that  however  great,  during  the  lapse  of  ages,  may  be  the 
▼iciSMtudes  of  temperature  in  every  zone,  it  accords  with  this  theory  that 
the  general  climate  should  not  experience  any  sensible  change  in  the 
eourse  of  a  few  thousand  years ;  because  that  period  is  insufficient  to 
affect  the  leading  features  of  the  physical  geography  of  the  globe. 

Notwithstanding  the  apparent  uncertainty  of  the  seasons,  it  is  found 
that  the  mean  temperature  of  particular  locsjities  is  very  constant,  when 
observations  made  for  a  sufficient  series  of  years  are  compared. 

Yet  there  must  be  exceptions  to  this  rule ;  and  even  the  labors  of 
man  have,  by  the  drainage  of  lakes  and  marshes,  and  the  felling  of  ex- 
tensive forests,  caused  such  changes  in  the  atmosphere  as  greatly  to  raise 
our  conception  of  the  more  important  influence  of  those  forces  to  which, 
in  certain  latitudes,  even  the  existence  of  land  or  water,  hill  or  valley, 
lake  or  sea,  must  be  ascribed.  K  we  possessed  accurate  information  of 
the  amount  of  local  fluctuation  in  climate  in  the  course  of  twenty  cen- 
turies, it  would  often,  undoubtedly,  be  considerable.  Certain  tracts,  for 
example,  on  the  coast  of  Holland  and  of  England  consisted  of  cultivated 
land  in  the  time  of  the  Romans,  which  the  sea,  by  gradual  encroach- 
ments, has  at  length  occupied.  Here,  at  least,  a  slight  alteration  has 
been  effected ;  for  neither  the  distribution  of  heat  in  the  different  seasons, 
nor  the  mean  annual  temperature  of  the  atmosphere  investing  the  sea,  is 
precisely  the  same  as  that  which  rests  upon  the  land. 

In  those  countries,  also,  where  earthquakes  and  volcanoes  are  in  full 
activity,  a  much  shorter  period  may  produce  a  sensible  variation.  The 
climate  of  the  great  table-land  of  Malpais  in  Mexico,  must  differ  mate- 
rially from  that  which  prevailed  before  the  middle  of  the  last  century ;  for, 
nnce  that  time,  six  mountains,  the  highest  of  them  rising  sixteen  him- 
dred  feet  above  the  plateau,  have  been  thrown  up  by  volcanic  eruptions. 
It  is  by  the  repetition  of  an  indefinite  number  of  such  local  revolutions, 
and  by  slow  movements  extending  simultaneously  over  wider  areas,  a» 
win  be  afterwards  shown,  that  a  general  change  of  climate  may  finally 
be  brought  about 
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CHAPTER  Vni. 

ON   FORMER   CHANGES   IN   PHT8ICAL   6E06RAPH7   AND   CLIMATX. 

Geographical  features  of  the  northeni  faemuphere,  at  the  period  of  the  oldest  fos- 
siltferous  strata — State  of  the  surface  when  the  mountaiD  limestoDe  and  ooa] 
were  deposited — Changes  in  physical  geography,  between  the  carboniferous 
period  and  the  chalk — ^Abrupt  transition  from  the  secondary  to  the  tertiary  fos- 
sils— Accession  of  land,  and  elevation  of  mountain  chains,  after  the  consolida- 
tion  of  the  secondary  rocks — Explanation  of  Map,  showing  the  area  covered  by 
sea,  since  the  commencement  of  the  tertiary  period — Astronomical  theories  of 
the  causes  of  yariations  in  climate — Theory  of  the  diminution  of  the  supposed 
primitive  heat  of  the  globe. 

In  the  sixth  cbapter,  I  stated  the  arguments  derived  from  organic  re- 
mains  for  concluding  that  in  the  period  when  the  carboniferous  strata 
were  deposited,  the  temperature  of  the  ocean  and  the  air  was  more  uni* 
form  in  the  different  seasons  of  the  year,  and  in  different  latitudes,  than 
at  present,  and  that  there  was  a  remarkable  absence  of  cold  as  well  as 
great  moisture  in  the  atmosphere.  It  was  also  shown  that  the  climate 
had  been  modified  more  than  once  since  that  epoch,  and  that  it  had  be^i 
reduced,  by  successive  changes,  more  and  more  nearly  to  that  now  pie- 
vailing  in  the  same  latitudes.  Farther,  I  endeavored,  in  the  last  chap* 
ter,  to  prove  that  vicissitudes  in  climate  of  no  less  importance  may  be 
expected  to  recur  in  future,  if  it  be  admitted  that  causes  now  active  in 
nature  have  power,  in  the  lapse  of  ages,  to  produce  considerable  varia- 
tions in  the  relative  position  of  land  and  sea.  It  remains  to  inquire 
whether  the  alterations,  which  the  geologist  can  prove  to  have  actually 
taken  place  at  former  periods,  in  the  geographical  features  of  the  northern 
hemisphere,  coincide  in  their  nature,  and  in  the  time  of  their  occurrence, 
with  such  revolutions  in  climate  as  might  naturally  have  resulted,  ac- 
cording to  the  meteorological  principles  already  explained. 

Period  of  the  primary  fossiliferous  rocks, — ^The  oldest  system  of  strata 
which  afford  by  their  organic  remains  any  evidence  as  to  climate,  or  the 
former  position  of  land  and  sea,  are  those  formerly  known  as  the  tran- 
sition rocks,  or  what  have  since  been  termed  Lower  Silurian  or  "  pri- 
mary fossiliferous"  formations.  These  have  been  found  in  England, 
France,  Germany,  Sweden,  Russia,  aud  other  parts  of  central  and  north- 
em  Europe,  as  also  in  the  great  Lake  district  of  Canada  and  the  United 
States.  The  multilocular  or  chambered  univalves,  including  the  Nauti- 
lus, and  the  corals,  obtained  from  the  limestones  of  these  ancient  groupsi, 
have  been  compared  to  forms  now  most  largely  developed  in  tropical 
seas.  The  corals,  however,  have  been  shown  by  M.  Miloe  Edwards  to 
differ  generally  from  all  living  zoophytes ;  so  that  condusbns  as  to  a 
warmer  climate  drawn  from  such  remote  analogies  must  he  received  with 
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caution.  Hitherto,  few,  if  any,  contemporaneous  vegetable  remains  haye 
been  noticed ;  but  such  as  are  mentioned  agree  more  nearly  with  the 
plants  of  the  carboniferous  era  than  any  other,  and  would  therefore 
imply  a  warm  and  humid  atmosphere  entirely  free  from  intense  cold 
throughout  the  year. 

This  absence  or  great  scarcity  of  plants  as  well  as  of  freshwater  shells 
and  other  indications  of  neighboring  land,  coupled  with  the  wide  extent 
of  marine  strata  of  this  age  in  Europe  and  North  America,  are  facts 
which  imply  such  a  state  of  physical  geography  (so  far  at  least  as  re- 
gards the  northern  hemisphere)  as  would,  according  to  the  principles 
before  explained,  give  rise  to  such  a  moist  and  equable  climate.  (See  p. 
109,  and  fig.  5,  p.  111.) 

Carboniferous  group. — Tliis  group  comes  next  in  the  order  of  succes- 
sion ;  and  one  of  its  principal  members,  the  mountain  limestone,  was 
evidently  a  marine  fonnation,  as  is  shown  by  the  shells  and  corals  which 
it  contains.  That  the  ocean  of  that  period  was  of  considerable  extent  in 
our  latitudes,  we  may  infer  from  the  continuity  of  these  calcareous  strata 
over  large  arete  in  Europe,  Canada,  and  the  United  States.  The  same 
group  has  also  been  traced  in  North  America,  towards  the  borders  of 
the  arctic  sea.* 

There  are  also  several  regions  in  Scotland,  and  in  the  central  and 
northern  parts  of  England,  as  well  as  in  the  United  States,  where  ma- 
rine carboniferous  limestones  alternate  with  strata  containing  coal,  in  such 
a  manner  as  to  imply  the  drifting  down  of  plants  by  rivers  into  the  sea» 
and  the  alternate  occupation  of  the  same  space  by  fresh  and  salt  water. 

Since  the  time  of  the  earlier  writers,  no  strata  have  been  more  exten- 
sively investigated,  both  in  Europe  and  North  America,  than  those  of 
the  ancient  carboniferous  group,  and  the  progress  of  science  has  led  to 
a  general  belief  that  a  large  portion  of  the  purest  coal  has  been  formed, 
not,  as  was  once  imagined,  by  vegetable  matter  floated  from  a  distance, 
but  by  planta  which  grew  on  the  spot,  and  somewhat  in  the  manner  of 
peat  on  the  spaces  now  covered  by  the  beds  of  coal.  The  former  ex- 
istence of  land  in '  some  of  these  spaces  has  been  proved,  as  already 
stated,  by  the  occurrence  of  numerous  upright  fossil  trees,  with  their 
roots  terminating  downwards  in  seams  of  coal ;  and  still  more  generally 
by  the  roots  of  trees  (stigmariae)  remaining  in  their  natural  position  in 
the  days  which  underlie  almost  every  layer  of  coal. 

As  some  nearly  continuous  beds  of  such  coal  have  of  late  yeare  been 
traced  in  North  America,  over  areas  100  or  200  miles  and  upwards  in 
diameter,  it  may  be  asked  whether  the  large  tracts  of  ancient  land  im- 
plied by  this  fact  are  not  inconsistent  with  the  hypothesis  of  the  general 
prevalence  of  islands  at  the  period  under  consideration  ?  In  reply,  I 
may  observe  that  the  coal-fields  must  originally  have  been  low  alluvial 
grounds,  resembling  in  ntuation  the  cypress-swamps  of  the  Mississippi, 
or  the  sunderbunds  of  the  Ganges,  being  liable  like  them  to  be  inun* 

•  Sir  J.  Ridiardtofi,  Proceedings  of  OeoL  Soc  Na  7,  p.  68,  March,  1828. 
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dated  at  cert»n  periods  by  a  river  or  by  the  sea,  if  the  land  sliould  be 
depressed  a  few  feet.  All  the  phenomena,  organic  and  inorganic,  imply 
conditions  nowhere  to  be  met  with  except  in  the  deltas  of  large  rivers. 
We  have  to  account  for  an  abundant  supply  of  fluviatile  sediment,  car- 
ried for  ages  towards  one  and  the  same  region,  and  capable  of  forming 
strata  of  mud  and  sand  thousands  of  feet,  or  even  fathoms,  m  thickness, 
many  of  them  consisting  of  laminated  shale,  inclosing  the  leaves  of  ferns 
and  other  terrestrial  plants.  We  have  also  to  explain  the  frequent  in- 
tercalations of  root-beds,  and  the  interposition  here  and  there  of  brack- 
ish and  marine  deposits,  demonstrating  the  occasional  presence  of  the 
neighboring  sea.  But  these  forest-covered  deltas  could  only  have  been 
formed  at  the  termination  of  large  hydrographical  basins,  each  drained 
by  a  great  river  and  its  tributaries ;  and  the  accumulation  of  sediment 
bears  testimony  to  contemporaneous  denudation  on  a  lai^e  scale,  and, 
therefore,  to  a  wide  area  of  land,  probably  containing  within  it  one  or 
more  mountain  chains. 

In  the  case  of  the  great  Ohio  or  Appalachian  coal-field,  the  largest 
in  the  world,  it  seems  clear  that  the  uplands  drained  by  one  or  more 
great  rivers  were  chiefly  to  the  eastward,  or  they  occupied  a  space  now 
filled  by  part  of  the  Atlantic  Ocean,  for  the  mechanical  deposits  of  mud 
and  sand  increase  greatly  in  thickness  and  coarseness  of  material  as  we 
approach  the  eastern  borders  of  the  coal-field,  or  the  southeast  flanks 
of  the  Alleghany  mountains,  near  Philadelphia.  In  that  region  numer- 
ous beds  of  pebbles,  often  of  the  size  of  a  hen's  egg,  are  seen  to  alter- 
nate with  beds  of  pure  coal. 

But  the  American  coal-fields  are  all  comprised  within  the  80th  and 
50th  degrees  of  north  latitude ;  and  there  is  no  reason  to  presume  that 
the  lands  at  the  borders  of  which  they  originated  ever  penetrated  so  far 
or  in  such  masses  into  the  colder  and  arctic  regions,  so  as  to  generate  a 
Qold  climate.  In  the  southern  hemisphere,  where  the  predominance  of 
sea  over  land  is  now  the  distinguishing  geographical  feature,  we  never- 
theless find  a  large  part  of  the  continent  of  Australia,  as  well  as  New 
Zealand,  placed  between  the  30th  and  50th  degrees  of  S.  latitude.  The 
two  islands  of  Kew  Zealand  taken  together,  are  between  800  and  900 
miles  in  length,  with  a  breadth  in  some  parts  of  ninety  miles,  and  they 
stretch  as  far  south  as  the  46th  degree  of  latitude.  They  afford,  there- 
fore, a  wide  area  for  the.  growth  of  a  terrestrial  vegetation,  and  the  bot- 
any of  this  region  is  characterized  by  abundance  of  ferns,  one  hundred 
and  forty  species  of  which  are  already  known,  some  of  them  attcuning 
the  size  of  trees.  In  this  respect  the  southern  shores  of  New  Zealand 
in  the  46th  degree  of  latitude  almost  vie  with  tropical  islands.  Another 
point  of  resemblance  between  the  Flora  of  New  Zealand  and  that  of  the 
ancient  carboniferous  period  is  the  prevalence  of  the  fir  tribe  or  of 
coniferous  wood. 

An  argument  of  some  weight  in  corroboration  of  the  theory  above 
explained  respectmg  the  geographical  condition  of  the  temperate  and 
arctic  latitudes  of  the  northern  hemisphere  in  the  carboniferous  period 
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may  also  be  derived  from  an  examination  of  those  groups  of  strata  whieli 
im^iediately  preceded  the  coal.  The  fossils  of  the  Devonian  and  Silu- 
rian strata  in  Europe  and  North  America  have  led  to  the  conclusion, 
that  they  were  formed  for  the  most  part  in  deep  seas,  far  from  land. 
In  those  older  strata  land  plants  are  almost  as  rare  as  they  are  abun- 
dant or  universal  in  the  coal  measures.  Those  ancient  deposits,  there- 
fore, may  be  supposed  to  have  belonged  to  an  epoch  when  dry  land  had 
only  just  begun  to  be  upraised  from  the  deep ;  a  theory  which  would 
imply  the  existence  during  the  carboniferous  epoch  of  blands,  instead  of 
an  extensive  continent,  in  the  area  where  the  coal  was  formed. 

Such  a  state  of  things  prevailing  in  the  north,  from  the  pole  to  the 
30th  parallel  of  latitude,  if  not  neutralized  by  circumstances  of  a  con- 
trary tendency  in  corresponding  regions  south  of  the  line,  would  give 
rise  to  a  general  warmth  and  uniformity  of  climate  throughout  the  globe. 

Changes  in  physical  geography  hetufeen  the  formation  of  thi  xtrbonif- 
erous  strata  and  the  chalk. — ^We  have  evidence  in  England  that  the 
strata  of  the  ancient  carboniferous  group,  already  adverted  to,  were,  in 
many  instances,  fractured  and  contorted,  and  often  thrown  into  a  vertical 
position,  before  the  deposition  of  some  even  of  the  oldest  known  second- 
ary rocks,  such  as  the  new  red  sandstone. 

Fragments  of  the  older  formations  are  sometimes  included  in  the  con- 
glomerates of  the  more  modem ;  and  some  of  these  fragments  still  retain 
their  fossil  shells  and  corals,  so  as  to  enable  us  to  determme  the  parent 
rocks  from  whence  they  were  derived.  There  are  other  proofs  of  the 
disturbance  at  successive  epochs  of  different  secondary  rocks  before  the 
deposition  of  others ;  and  satisfactory  evidence  that,  during  these  re- 
iterated convulsions,  the  geographical  features  of  the  northern  hemi- 
sphere were  frequently  modified,  and  that  from  time  to  time  new  lands 
emerged  from  the  deep.  The  vegetation,  during  some  parts  of  the  pe- 
riod in  question  (from  the  lias  to  the  chalk  inclusive),  when  genera  allied 
to  Cycas  and  Zamia  were  abundant,  appears  to  have  approached  to  that 
of  the  larger  islands  of  the  equatorial  zone ;  such,  for  example,  as  we 
now  find  in  the  West  Indian  archipelago.*  These  islands  appear  to 
have  been  drained  by  rivers  of  considerable  size,  which  were  inhabited 
by  crocodiles  and  gigantic  oviparous  reptiles,  both  herbivorous,  and  car- 
nivorous, belonging  for  the  most  part  to  extinct  genera.  Of  the  con- 
temporary inhabitants  of  the  land  we  have  as  yet  acquired  but  scanty 
information,  but  we  know  that  there  were  flying  reptiles,  insects,  and 
small  mammifers,  allied  to  the  marsupial  tribes. 

A  freshwater  deposit,  called  the  Wealden,  occurs  in  the  upper  part 
of  the  secondary  series  of  the  south  of  England,  which,  by  its  extent 
and  fossils,  attests  the  existence  in  that  region  of  a  large  river  draining 
a  continent  or  island  of  considerable  dimensions.  We  know  that  this 
land  was  clothed  with  wood,  and  inhabited  by  huge  terrestrial  reptiles 

and  birds.    Its  position  so  far  to  the  north  as  the  counties  of  Surrey  and 
I 
*  Ad  BroDgDiArt,  Coo«id.  G^n^nJes  sur  la  Nat  de  la  V^^t.  Ac,  Ann.  des  ScL 
Nat,  Nov.  1828. 
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Sa6sez>  at  a  time  when  the  mean  temperature  of  the  climate  is  supposed 
to  have  been  much  hotter  than  at  present,  may  at  first  sight  appear  in« 
consistent  with  the  theory  before  explained,  that  the  heat  was  caused 
by  the  gathering  together  of  all  the  great  masses  of  knd  in  low  latitudes, 
while  the  northern  regions  were  almost  entirely  sea.  But  it  must  not 
be  taken  for  granted  that  the  geographical  conditions  already  described 
(p.  100,  and  fig.  5>  p.  Ill)  as  capable  of  producing  the  extreme  of  heat 
were  ever  combined  at  any  geological  period  of  which  we  have  yet  ob- 
tained information.  It  is  more  probable,  from  what  has  been  stated  in 
the  preceding  chapters,  that  a  slight  approximation  to  such  an  extreme 
state  of  things  would  be  sufficient ;  in  other  words,  if  most  of  the  dry 
land  were  tropical,  and  scarcely  any  of  it  arctic  or  antarctic,  a  prodigious 
elevation  of  temperature  must  ensue,  even  though  a  part  of  some  conti- 
nents should  penetrate  far  into  the  temperate  zones. 

Changea  during  the  tertiary  periods, — ^The  secondary  ani  tertiary  for- 
mations of  Europe,  when  considered  separately,  may  be  contrasted  as 
having  very  different  characters ;  the  secondary  appearing  to  have  been 
deposited  in  open  seas,  the  tertiary  in  reg^ions  where  dry  land,  lakes, 
bays,  and  perhaps  inland  seas,  abounded.  The  secondary  series  is  al- 
most exclusively  marine ;  the  tertiary,  even  the  oldest  part,  contains  la- 
custrine strata,  and  not  unfrequently  freshwater  and  marine  beds  alter- 
nating. In  fact  there  is  evidence  of  important  geographical  changes 
having  occurred  between  the  deposition  of  the  cretaceous  system,  or 
uppermost  of  the  secondary  series,  and  that  of  the  oldest  tertiary  group, 
and  still  more  between  the  era  of  the  latter  and  that  of  the  newer  ter- 
tiary formations.  This  change  in  the  physical  geography  of  Europe 
and  North  America  was  accompanied  by  an  alteration  no  less  remark- 
able in  organic  life,  scarcely  any  species  being  common  both  to  the  sec 
ondary  and  tertiary  rocks,  and  the  fossils  of  the  latter  affording  evidence 
of  a  different  climate. 

On  the  other  hand,  when  we  compare  the  tertiary  formations  of  suc- 
cessive ages,  we  trace  a  gradual  approximation  in  the  imbedded  fossils, 
from  an  assemblage  in  which  extinct  species  predominate,  to  one  where 
the  species  agree  for  the  most  part  with  those  now  existing.  In  other 
words,  we  find  a  gradual  increase  of  animals  and  plants  fitted  for  oui 
present  climates,  in  proportion  as  the  strata  which  we  examine  are  more 
modem.  Now,  during  all  these  successive  tertiary  periods,  there  are 
signs  of  a  great  increase  of  land  in  European  and  North  American  lati- 
tudes. By  reference  to  the  map  (PL  1),  and  its  description,  p.  121, 
the  reader  will  see  that  about  two- thirds  of  the  present  European  lands 
have  emerged  since  the  earliest  tertiary  group  originated.  Nor  is  this 
the  only  revolution  which  the  same  region  has  undergone  within  the 
period  alluded  to,  some  tracts  which  were  previously  land  ha\ing  gained 
in  altitude,  others,  on  the  contrary,  having  sunk  below  their  former  level. 

That  the  existing  lands  were  not  all  upheaved  at  once  into  their 
present  position  is  proved  by  the  most  striking  evidence.  Several  Ital- 
ian geologists,  even  before  the  time  of  Brocchi,  had  justiy  inferred  that 
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the  Apennines  were  elevated  several  thousuid  feet  above  tbe  level  of 
the  Mediterranean  before  tbe  deposition  of  the  modem  Subapennine 
beds  which  flank  them  on  either  side.  What  now  constitutes  the  cen- 
tral calcareous  chain  of  the  Apennines  must  for  a  long  time  have  been  a 
narrow  ridgy  penmsula,  branching  off,  at  its  northern  extremity,  from 
tiie  Alps  near  Sarona.  This  peninsula  has  since  been  raised  from  one 
to  two  thousand  feet,  by  which  movement  the  ancient  shores,  and,  for  a 
certain  extent,  the  bed  of  the  contiguous  sea,  have  been  laid  dry,  both 
on  the  side  of  the  Mediterranean  and  the  Adriatic. 

The  nature  of  these  vicissitudes  will  be  explained  by  the  accompany- 
ing diagram,  which  represents  a  transverse  section  across  the  Italian 
peninsula.     The  inclined  strata  A  are  the  disturbed  formations  of  the 


Apennines,  into  which  the  ancient  igneous  rocks  a  are  supposed  to  have 
intruded  themselves.  At  a  lower  level  on  each  flank  of  the  chain  are 
the  more  recent  shelly  beds  b  h,  which  often  contain  rounded  pebbles 
derived  from  the  waste  of  contiguous  parts  of  the  older  Apennine  lime- 
stone. These,  it  will  be  seen,  are  horizontal,  and  lie  in  what  is  termed 
**  unconformable  stratification*'  on  the  more  ancient  series.  They  now 
constitute  a  line  of  hills  of  moderate  elevation  between  the  sea  and  the 
Apennines,  but  never  penetrate  to  the  higher  and  more  ancient  valleys 
of  that  chain. 

The  same  phenomena  are  exhibited  in  the  Alps  on  a  much  grander 
scale  ;  those  mountains  being  composed  in  some  even  of  their  higher  re- 
gions of  the  newer  secondary  and  oldest  tertiary  formations,  while  they 
are  encircled  by  a  great  zone  of  more  modem  tertiary  rocks  both  on 
their  southern  flank  towards  the  pluns  of  the  Po,  and  on  the  side  of 
Switzerland  and  Austria,  and  at  their  eastem  termination  towards  Styria 
and  Hungary.*  This  newer  tertiary  zone  marks  the  position  of  former 
seas  or  gulfs,  like  the  Adriatic,  wherein  masses  of  strata  accumulated, 
some  single  groups  of  which  are  not  inferior  in  thickness  to  the  most 
voluminous  of  our  secondary  formations  in  England.  Some  even  of 
these  newer  groups  have  been  raised  to  the  height  of  three  or  four  thou- 
sand feet,  and  in  proportion  to  their  antiquity,  they  generally  rise  to 
greater  heights,  the  older  of  them  forming  interior  zones  nearest  to  the 
central  ridges  of  the  Alps.  We  have  already  ascertamed  that  the  Alps 
gained  accessions  to  their  height  and  width  at  several  successive  peri- 

*  See  a  Memoir  od  the  Alps,  by  Profesaor  Sedgwiek  and  Sir  Rod.  Mnrchisooi 
IVioa.  of  OeoL  Soc.  aecond  Ber.  vol  iii  accompanied  by  a  map. 
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ods,  and  that  the  last  series  of  improvements  occurred  when  the  seas 
were  inhahited  by  many  existing  species  of  animals. 

We  may  imagine  some  future  series  of  convulsions  once  more  to  heave 
up  this  stupendous  chain,  together  with  the  adjoining  bed  of  the  sea,  so 
that  the  mountains  of  Europe  may  rival  the  Andes  in  elevation ;  in 
which  case  the  deltas  of  the  Po,  Adige,  and  Brenta,  now  encroaching 
upon  the  Adriatic,  might  be  uplifted  so  as  to  form  another  exterior  belt 
of  considerable  height  around  the  southeastern  flank  of  the  Alps. 

The  Pyrenees,  also,  have  acquired  their  present  altitude,  which  in 
Mont  Perdu  exceeds  eleven  thousand  feet,  since  the  deposition  of  the 
nummulitic  or  Eocene  division  of  the  tertiary  series.  Some  of  the  ter- 
tiary strata  at  the  base  of  the  chain  are  raised  to  the  height  of  only  a 
few  hundred  feet  above  the  sea,  and  retain  a  horizontal  position,  with- 
out partaking  in  general  in  the  disturbance  to  which  the  older  series 
has  been  subjected ;  so  that  the  great  barrier  between  France  and  Spain 
was  almost  entirely  upheaved  in  the  interval  between  the  deposition  of 
certun  groups  of  tertiary  strata. 

The  remarkable  break  between  the  most  modem  of  the  known  sec- 
ondary rocks  and  the  oldest  tertiary,  may  be  apparent  only,  and  ascriba- 
ble  to  the  present  deficiency  of  our  information.  Already  the  marles  and 
green  sand  of  Heers  near  Tongres,  in  Belgium,  observed  by  M.  Dumont, 
and  the  "  pisolitic  limestone"  of  the  neighborhood  of  Paris,  both  inter- 
mediate in  age  between  the  Maestricht  chalk  aqd  the  lower  Eocene 
strata,  begin  to  afford  us  signs  of  a  passage  from  one  state  of  things  to 
another.  Nevertheless,  it  is  far  from  impossible  that  the  interval  be- 
tween the  chalk  and  tertiary  formations  constituted  an  era  in  the  earth's 
history,  when  the  transition  from  one  class  of  organic  beings  to  another 
was,  comparatively  speaking,  rapid.  For  if  the  doctrines  above  ex- 
plained in  regard  to  vicissitudes  of  temperature  are  sound,  it  will  follow 
that  changes  of  equal  magnitude  in  the  geographical  features  of  the 
globe  may  at  different  periods  produce  very  unequal  effects  on  climate ; 
and,  so  far  as  the  existence  of  certain  animals  and  plants  depends 
on  climate,  the  duration  of  species  would  be  shortened  or  pro- 
tracted, according  to  the  rate  at  which  the  change  of  temperature 
proceeded. 

For  even  if  we  assume  that  the  intensity  of  the  subterranean  distm'b- 
ing  forces  is  uniform  and  capable  of  producing  nearly  equal  amounts  of 
alteration  on  the  surface  of  the  planet,  during  equal  periods  of  time,  still 
the  rate  of  alteration  in  climate  would  be  by  no  means  uniform.-  Let  us 
imagine  the  quantity  of  land  between  the  equator  and  the  tropic  in  one 
hemisphere  to  be  to  that  in  the  other  as  thirteen  to  one,  which,  as  before 
stated,  represents  the  unequal  proportion  of  the  extra-tropical  lands  in 
the  two  hemispheres  at  present.  (See  figs.  8  and  4,  p.  110.)  Then 
let  the  first  geographical  change  consist  in  the  shifting  of  this  preponder- 
ance of  land  froni  one  side  of  the  line  to  the  other ;  from  the  southern 
hemisphere,  for  example,  to  the  northern.  Now  this  need  not  affect  the 
general  temperature  of  the  earth.    But  if,  at  another  epoch,  we  suppose 
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a  continaance  of  the  sam^  agency  to  transfer  an  equal  volume  of  land 
from  the  torrid  zone  to  the  temperate  and  arctic  regions  of  the  northern 
and  southern  hemispheres,  or  into  one  of  them,  there  might  be  so  great 
a  refrigeration  of  the  mean  temperature  in  all  latitudes,  that  scarcely 
any  of  the  pre-existing  races  of  animals  would  survive ;  and,  unless  it 
pleased  the  Author  of  Nature  that  the  planet  should  be  uninhabited, 
new  species,  and  probably  of  widely  different  forms,  would  then  be  sub- 
stituted in  the  room  of  the  extinct.  We  ought  not,  therefore,  to  infer 
that  equal  periods  of  time  are  always  attended  by  an  equal  amount  of 
change  in  organic  life,  since  a  great  fluctuation  in  the  mean  temperature 
of  the  earth,  the  most  influential  cause  which  can  be  conceived  in  exter- 
minating whole  races  of  animals  and  plants,  must,  in  different  epochs, 
require  unequal  portions  of  time  for  its  compleUon. 

Plate  L  Map  tihoyaing  the  extent  of  turfaee  in  Europe  tehich  hati  at  one  period  or 
another  been  covered  by  the  tea  Hnce  the  commeneemeni  of  the  depontum  of  the 
older  or  JSocene  Tertiary  ttrata. 

This  map  will  enable  the  reader  to  perceive  at  a  glance  the  great  extent 
of  change  in  the  physical  geography  of  Europe,  which  can  be  proved 
to  have  taken  place  since  some  of  the  older  tertiary  strata  began  to  be 
deposited.  The  proofs  of  submei^ence,  during  some  part  or  other  of 
this  period,  in  all  the  districts  distinguished  by  ruled  lines,  are  of  a  most 
unequivocal  character ;  for  the  area  thus  described  is  now  covered  by 
deposits  containing  the  fossil  remains  of  animals  which  could  only  have 
lived  in  salt  water.  The  most  ancient  part  of  the  period  referred  to  can- 
not be  deemed  very  remote,  considered  geologically ;  because  the  de- 
posits of  the  Paris  and  London  basins,  and  many  other  districts  belong- 
ing to  the  older  tertiary  epoch,  are  newer  than  the  greater  part  of  the 
sedimentary  rocks  (those  commonly  called  secondary  and  primary  fos- 
sHiferous  or  paleozoic)  of  which  the  crust  of  the  globe  is  composed. 
The  species,  moreover,  of  marine  testacea,  of  which  the  remains  are 
found  in  these  older  tertiary  formations,  are  not  entirely  distinct  from 
such  as  now  live.  Yet,  notwithstanding  the  comparatively  recent  epoch 
to  which  this  retrospect  is  carried,  the  variations  in  the  distribution  of 
land  and  sea  depicted  on  the  map  form  only  a  part  of  those  which  must 
have  taken  place  during  the  period  under  consideration.  Some  approx- 
imation has  merely  been  made  to  an  estimate  of  the  amount  of  sea  eon- 
verted' into  land  in  parts  of  Europe  best  known  to  geologists  ;  but  we 
cannot  determine  how  much  land  has  become  sea  during  the  same  period ; 
and  there  may  have  been  repeated  interchanges  of  land  and  water  in  the 
same  places,  changes  of  which  no  account  is  taken  in  the  map,  and  re- 
specting the  amount  of  which  little  accurate  information  can  ever  be  ob- 
tained. 

I  have  extended  the  sea  in  some  instances  beyond  the  limits  of  the 
land  now  covered  by  tertiary  formations,  and  marine  drift,  because  other 
geological  data  have  been  obtained  for  inferring  the  submergence  of  these 
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tracts  after  the  deposiUon  of  the  Eocene  strata  had  begun.  Thus,  for 
example,  there  are  good  reasons  for  concluding  that  part  of  the  chalk  of 
England  (the  North  and  South  Downs,  for  example,  together  with  the 
intervening  secondary  tracts)  continued  beneath  the  sea  until  the  oldest 
tertiary  beds  had  begun  to  accumulate. 

A  strait  of  the  sea  separating  England  and  Wales  has  also  been  in- 
troduced, on  the  evidence  afforded  bj  shells  of  existing  species  found  in 
a  deposit  of  gravel,  sand,  loam,  and  clay,  called  the  northern  drift,  by 
Sir  R.  Murchison.*  And  Mr.  Trimmer  has  discovered  similar  recent 
marine  shells  on  the  northern  coast  of  North  Wales,  and  on  Moel  Try- 
fane,  near  the  Menai  Straits,  at  the  height  of  1892  feet  above  the  level 
of  the  sea  I 

Some  raised  sea-beaches,  and  drift  contiuning  marine  shells,  which  I 
examined  in  1843,  between  Limerick  and  Dublin,  and  which  have  been 
traced  over  other  parts  of  Ireland  by  different  geologists,  have  required 
an  extension  of  the  dark  lines  so  as  to  divide  that  island  into  several. 
In  improving  this  part  of  my  map  I  have  been  especially  indebted  to 
the  assistance  of  Mr.  Oldham,  who  in  1843  announced  to  the  British  As- 
sociation at  Cork  the  fact  that  at  the  period  when  the  drift  or  glacial  beds 
were  deposited,  Ireland  must  have  formed  an  archipelago  such  as  is  here 
depicted.  A  considerable  part  of  Scotland  might  also  have  been  repre- 
sented in  a  similar  manner  as  under  water  when  the  drift  originated. 

A  portion  of  Brittany  is  divided  into  islands,  because  it  is  known  to 
be  covered  with  patches  of  marine  tertiary  strata  chiefly  miocene.  When 
I  examined  these  in  1830  and  1843, 1  convinced  myself  that  the  sea 
must  have  covered  much  larger  areas  than  are  now  occupied  by  these 
small  and  detached  deposits.  The  former  connection  of  the  White  Sea 
and  the  Gulf  of  Finland  is  proved  by  the  fact  that  a  multitude  of  huge 
erratic  blocks  extend  over  the  intervening  space,  and  a  large  portion  of 
Norway,  Sweden,  and  Denmark,  as  well  as  Germany  and  Russia,  are 
represented  as  sea,  on  the  same  evidence,  strengthened  by  the  actual 
occurrence  of  fossil  sea-shells,  of  recent  species,  in  the  drift  of  various 
portions  of  those  countries.  The  submergence  of  considerable  areas 
under  large  bodies  of  fresh  water,  during  the  tertiary  period,  of  which 
there  are  many  striking  geological  proofs  in  Auverg^e,  and  elsewhere, 
has  not  been  expressed  by  ruled  lines.  They  bear  testimony  to  the 
former  existence  of  neighboring  lands,  and  a  certain  elevation  of  the 
areas  where  they  occur  above  the  level  of  the  ocean ;  they  are  there- 
fore left  blank,  tc^ther  with  all  the  space  that  cannot  be  demonstrated 
to  have  been  part  of  the  sea  at  some  time  or  other,  since  the  commence- 
ment of  the  Eocene  epoch. 

In  compiling  this  nwp,  which  has  been  entirely  recast  since  the  first 
edition,  I  have  availed  myself  of  the  latest  geological  maps  of  the  British 
isles,  and  north  of  Europe  ;  also  of  those  published  by  the  government 
•urveyors  of  France,  MM.  de  Beaumont  and  Dufresnoy ;  the  map  ot 

*  See  Pk'oeeedin^i  of  Qeol,  Soc  vol  il  p.  884. 
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Oennanj  and  part  of  Europe,  by  Yon  Decfaea^  and  that  of  Italy  by 
M.  Tchihatchofif  (Berlio,  1842).  Lastly,  Sir  K  Murchison's  important 
map  of  Russia,  and  the  adjoining  countries,  has  enabled  me  to  mark  out 
not  only  a  considerable  area,  previously  little  known,  in  which  tertiary 
formations  occur ;  but  also  a  still  wider  expanse,  over  which  the  north- 
ern drift,  and  erratic  blocks  with  occasional  marine  shells,  are  traceable. 
The  southern  limits  of  these  glacial  deposits  in  Russia  and  Germany  in- 
dicate the  boundary,  so  far  as  we  can  now  determine  it,  of  the  northern 
ocean,  at  a  period  immediately  antecedent  to  that  of  the  human  race. 

1  was  anxious,  even  in  the  title  of  this  map,  to  guard  the  reader  against 
the  supposition  that  it  was  intended  to  represent  the  state  of  the  physi- 
cal geography  of  part  of  Europe  at  any  one  point  of  time.  The  difficulty, 
or  rather  the  impossibility,  of  restoring  the  geography  of  the  globe  as  it 
may  have  existed  at  any  former  period,  especially  a  remote  one,  conusts 
in  this,  that  we  can  only  point  out  where  part  of  the  sea  has  been  turned 
mto  land,  and  are  almost  always  unable  to  determine  what  land  may 
have  become  sea.  All  maps,  therefore,  pretending  to  represent  the 
geography  of  remote  geological  epochs  must  be  ideal.  The  map  under 
consideration  is  not  a  restoration  of  a  former  state  of  things,  at  any  par- 
ticular moment  of  time,  but  a  synoptical  view  of  a  cerUun  amount  of  one 
kind  of  change  (the  conversion  of  sea  into  land)  known  to  have  bem 
brought  about  within  a  given  period. 

It  may  be  proper  to  remark  that  the  vertical  movements  to  which  the 
land  is  subject  in  certain  regions,  occasion  alternately  the  subsidence  and 
the  uprising  of  the  surface ;  and  that,  by  such  oscillations  at  successive 
periods,  a  great  area  may  have  been  entirely  covered  with  marine  de- 
posits, although  the  whole  may  never  have  been  beneath  the  waters  at 
one  time  ;  nay,  even  though  the  relative  proportion  of  land  and  sea  may 
have  continued  unaltered  throughout  the  whole  period.  I  believe,  how- 
ever, that  since  the  commencement  of  the  tertiary  period,  the  dry  land 
in  die  northern  hemisphere  has  been  continually  on  the  increase,  both 
because  it  is  now  greatly  m  excess  beyond  the  average  proportion  which 
land  generally  bears  to  water  on  the  globe,  and  because  a  comparison 
of  the  secondary  and  tertiary  strata  affords  mdications,  as  I  have  already 
shown,  of  a  passage  from  the  condition  of  an  ocean  interspersed  with 
islands  to  that  of  a  large  continent. 

But  supposing  it  were  possible  to  represent  all  the  vicissitudes  in  the 
distribution  of  land  and  sea  that  have  occurred  during  the  tertiary  pe- 
riod, and  to  exhibit  not  only  the  actual  existence  of  land  where  there 
was  once  sea,  but  also  the  extent  of  surface  now  submerged  which  may 
once  have  been  land,  the  map  would  still  fail  to  express  all  the  import  ^ 
ant  revolutions  in  physical  geography  which  have  taken  place  within  the 
epoch  under  consideration.  For  the  oscillations  of  level,  as  was  before 
stated,  have  not  merely  been  such  as  to  lift  up  the  land  from  below  the 
water,  but  in  some  cases  to  occasion  a  rise  of  many  thousand  feet  above 
the  sea.  Thus  the  Alps  have  acquired  an  additional  altitude  of  4000, 
and  even  in  some  places  10,000  feet ;  and  the  Apennines  owe  a  con« 
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siderable  part  of  their  present  height  to  subteininean  convulsions  which 
have  happened  within  the  tertiary  epoch. 

On  the  other  hand,  some  mountain  chains  may  have  been  lowered 
during  the  same  series  of  ages,  m  an  equal  degree,  and  shoals  may  have 
been  converted  into  deep  abysses.*  Since  this  map  was  recast  in  1847, 
geologists  have  very  generally  come  to  the  conclusion  that  the  nummu- 
litic  limestone,  together  with  the  overlying  fucoidal  grit  and  shale,  called 
"  Flysch,"  in  the  Alps,  belongs  to  the  older  tertiary  or  Eocene  group. 
As  these  nummulitic  rocks  enter  into  the  structure  of  some  of  the  most 
lofty  and  disturbed  parts  of  the  Alps,  Apennines,  Carpathians,  Pyrenees, 
and  other  mountain  chains,  and  form  many  of  the  elevated  lands  of  Af- 
rica and  Asia,  their  position  almost  implies  the  ubiquity  of  the  post- 
Eocene  ocean,  not,  indeed,  by  the  simultaneous,  but  by  the  successive, 
occupancy  of  the  whole  ground  by  its  waters.f 

Concluding  remarks  (m  changes  in  physical  geography, — The  foregoing 
observations,  it  may  be  said,  are  confined  chiefly  to  Europe,  and  there- 
fore merely  establish  the  increase  of  dry  land  in  a  space  which  consti- 
tutes but  a  small  portion  of  the  northern  hemisphere ;  but  it  was  stated 
in  the  preceding  chapter,  that  the  great  Lowland  of  Siberia,  lying  chiefly 
between  the  latitudes  55^  and  75^  N.  (an  area  nearly  equal  to  all  Eu- 
rope), is  covered  for  the  most  part  by  marine  strata,  which,  from  the 
account  given  by  Pallas,  and  more  recently  by  Sir  R.  Murchison,  belongs 
to  a  period  when  all  or  nearly  all  the  shells  were  of  a  species  still  living 
in  the  north.  The  emergence,  therefore,  of  this  area  from  the  deep  is, 
comparatively  speaking,  a  very  modem  event,  and  must,  as  before  re- 
marked, have  caused  a  great  increase  of  cold  throughout  the  globe. 

Upon  a  review,  then,  of  all  the  facts  above  enumerated,  respecting 
the  ancient  geography  of  the  globe  as  attested  by  geological  monuments, 
there  appear  good  grounds  for  inferring  that  changes  of  climate  coin- 
cided with  remarkable  revolutions  in  the  former  position  of  sea  and  land.  A 
wide  expanse  of  ocean,  interspersed  with  islands,  seems  to  liave  pervaded 
the  northern  hemisphere  at  the  periods  when  the  Silurian  and  carbonif- 
erous rocks  were  formed,  and  a  warm  and  very  imiform  temperature 
then  prevailed.  Subsequent  modifications  in  climate  accompanied  the 
deposition  of  the  secondary  formations,  when  repeated  changes  were  ef- 
fected in  the  physical  geography  of  our  northern  latitudes.  Lastly,  the 
refrigeration  became  most  decided,  and  the  climate  most  nearly  assimila- 
ted to  that  now  enjoyed,  when  the  lands  in  Europe  and  northern  Asia  had 
attained  their  full  extension,  and  the  mountain  chains  their  actual  height. 

Soon  after  the  first  publication  of  this  theory  of  climate,  an  objection 
was  made  by  an  anonymous  Gennan  critic  in  1833  that  there  are  no 
geological  proofs  of  the  prevalence  at  any  former  period  of  a  temperature 

♦  It  may  be  observed,  that  the  facts  and  inferences  exhibited  in  this  map  bear 
not  merely  on  the  theory  of  climate  above  proposed,  but  serve  also  to  illustrate 
the  views  explained  in  the  third  book  respecting  the  migration  of  animals  and 
plants  and  the  gradnal  extinction  of  species. 

J  See  Sir  R.  Murchison's  Paper  on  the  Alps,  Quart.  Joum.  Oeol  Soc  vol  v 
my  Anniversary  Address  for  1860,  ibid,  vol  vi 
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lower  than  that  now  enjoyed ;  whereas,  if  the  causes  above  assigned 
were  the  true  ones,  it  might  reasonably  have  been  expected  that  fossil 
remains  would  sometimes  mdicate  colder  as  well  as  hotter  climates  than 
those  now  established.*  In  answer  to  this  objection,  I  may  suggest, 
that  our  present  climates  are  probably  far  more  distant  from  the  extreme 
of  possible  heat  than  from  its  opposite  extreme  of  cold.  A  glance  at 
the  map  (fig.  6,  p.  1 1 1)  will  show  that  all  the  existing  lands  might  be 
placed  between  the  30th  parallels  of  latitude  on  each  side  of  the  equator, 
and  that  even  then  they  would  by  no  means  fill  that  space.  In  no  other 
position  would  they  give  rise  to  so  high  a  temperature.  But  the  present 
geographical  condition  of  the  earth  is  so  far  removed  from  such  a  state 
of  things,  that  the  land  lying  between  the  poles  and  the  parallels  of  30, 
is  in  great  excess ;  so  much  so  that,  instead  of  being  to  the  sea  in  the 
proportion  of  1  to' 3,  which  is  as  near  as  possible  the  average  general 
ratio  throughout  the  globe,  it  is  9  to  23.f  Hence  it  ought  not  to  sur- 
prise us  if,  in  our  geological  retrospect,  embracing  perhaps  a  small  part 
only  of  a  complete  cycle  of  change  in  the  terrestrial  climates,  we  should 
Dappen  to  discover  everywhere  the  signs  of  a  higher  temperature.  The 
strata  hitherto  exammed  may  have  originated  when  the  quantity  of  equa- 
torial land  was  always  decreasing  and  the  land  in  regions  nearer  the 
poles  augmenting  in  height  and  area,  until  at  length  it  attained  its  pres- 
ent excess  in  high  latitudes.  There  is  nothing  improbable  in  supposing 
that  the  geographical  revolutions  of  which  we  have  hitherto  obtamed 
proofs  had  this  general  tendency ;  and  in  that  case  the  refrigeration  must 
have  been  constant,  although,  for  reasons  before  explained,  the  rate  of 
cooling  may  not  have  been  uniform. 

It  may,  however,  be  as  well  to  recall  the  reader's  attention  to  what 
was  before  said  of  the  indication  brought  to  light  of  late  years,  of  a  con- 
siderable oscillation  of  temperature,  in  the  period  immediately  preceding 
the  human  era.  We  have  seen  that  on  examining  some  of  the  most 
northern  deposits,  those  commonly  called  the  northern  drift  in  Scotland, 
Ireland,  and  Canada,  in  which  nearly  all,  in  some  cases,  perhaps  all,  the 
fossil  shells  are  of  recent  species,  we  diiscover  the  signs  of  a  climate  colder 
than  that  now  prevailing  in  corresponding  latitudes  on  both  sides  the 
Atlantic.  It  appears  that  an  arctic  fauna  specifically  resembling  that 
of  the  present  seas,  extended  farther  to  the  south  than  now.  This  opin- 
ion is  derived  partly  from  the  known  habitations  of  the  corresponding 
living. species,  and  partly  from  the  abundance  of  certain  genera  of  shells 

*  ABgemeioe  Literatur  2^ttuDg,  No.  czzziz.    July,  1888. 

f  In  this  eatixnat«,  the  space  within  the  antarctic  circle  is  not  taken  into  ac- 
count :  if  indaded,  it  would  probably  add  to  the  excess  of  dry  land ;  for  the  late 
discoveries  of  Gapt  Sir  James  Ross,  who  penetrated  to  lat.  78^  W  S.,  confirm  the 
CQojecture  of  Captain  Cook  that  the  accumulation  of  antarctic  ice  implies  the  pres- 
ence of  a  certain  quantity  of  terra  firma.  The  number  of  square  miles  on  the  sur- 
face of  the  globe  are  148,622,000,  the  part  occupied  bjr  the  sea  being  110,849,000, 
and  that  by  land,  87,678,000 ;  so  that  the  land  is  very  nearly  to  the  sea  as  1  part 
in  4.  I  am  informe^iby  Mr.  Gardner  that,  according  to  a  rough  approximation,  the 
land  between  the  80^  N.  lat  and  the  pole  occupies  a  space  about  equal  to  thai  of 
ihe  SM,  and  the  land  between  the  80^  S.  lat  and  the  antarctic  circle  about  one* 
sixteenth  of  that  zone. 
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and  the  absence  of  others.*  The  date  of  the  refrigeration  thus  inferred 
appears  to  coincide  rery  nearly  with  the  era  of  the  dispersion  of  erratK 
blocks  over  Enrope  and  North  America,  a  phenomenon  which  will  be  as- 
cribed in  the  sequel  (ch.  16)  to  the  cold  then  prevailing  in  the  northern 
hemisphere.  The  force,  moreover,  of  the  German  critic's  objectiou  has 
been  since  in  a  great  measure  destroyed,  by  the  larger  and  more  profound 
knowledge  acquired  in  the  last  few  years  of  the  andent  carboniferous  flora, 
which  has  led  the  ablest  botanists  to  adopt  the  opinion,  that  the  climate 
of  the  coal  period  was  remaricable  for  its  warmth,  moisture,  equability, 
and  freedom  from  cold,  rather  than  the  intensity  of  its  tropkal  JaeaU  We 
are  therefore  no  long'er  entitled  to  assume  that  there  has  been  a  constant 
and  gradual  decline  in  the  absolute  amount  of  heat  formeriy  contained 
in  the  atmosphere  and  waters  of  the  ocean,  such  as  it  was  conjectured 
might  have  emanated  from  the  incandescent  central  nucleus  of  a  new 
and  nearly  fluid  planet,  before  the  interior  had  lost,  by  radiation  into 
surrounding  space,  a  great  part  of  its  original  high  temperature. 

Astronomical  eauHS  of  JluctuationM  in  c/tmato.-^Str  John  Herschel 
uos  lately  inquired,  whether  there  are  any  astronomical  causes  which 
may  ofier  a  possible  explanation  of  the  difierence  between  the  actual 
climate  of  the  earth's  snifece,  and  those  which  formerly  appear  to  have 
prevailed.  3e  has  entered  upon  thb  subject,  he  says,  "  impressed  with 
the  magnificence  of  that  view  of  geological  revolutions,  which  regards 
them  rather  as  regular  and  necessary  effects  of  great  and  general  causes, 
than  as  resulting  from  a  series  of  convulsions  and  catastrophes,  regulated 
by  no  laws,  and  reducible  to  no  fixed  principles."  Geometers,  he  adds* 
have  demonstrated  the  absolute  invariability  of  the  mean  distance  of  the 
earth  from  the  sun ;  whence  it  would  at  first  seem  to  follow,  that  the 
mean  annual  supply  of  light  and  heat  derived  from  that  luminary  would 
be  alike  invariable :  but  a  closer  consideration  of  the  subject  will  show, 
that  this  would  not  be  a  legitimate  conclusion ;  but  (hat  on  the  contrary, 
the  mean  amount  of  solar  radiation  is  dependent  on  the  eccentricity  of 
the  earth's  orbit,  and  therefore  liable  to  variation.f 

Now  the  eccentricity  of  the  orbit,  he  continues,  is  actually  diminish- 
mg,  and  has  been  so  for  ages  beyond  the  records  of  history.  In  conse* 
queoce,  the  ellipse  is  in  a  state  of  approach  to  a  circle,  and  the  annual 
average  of  solar  heat  radiated  to  the  earth  is  actually  on  the  decreate.  So 
far  this  is  in  accordance  with  geolo^cal  evidence,  which  indicates  a  gen- 
eral refrigeration  of  climate ;  but  the  question  remains,  whether  the  amount 
of  diminution  which  the  eccentricity  may  have  ever  undergone  can  be  sup- 
posed sufficient  to  account  for  any  sensible  refrigeration.     The  calcula- 

*  See  papers  by  Mr.  Smith  of  Jordanhill,  V.  G.  S^  and  the  aathor,  Proceediws 
GeoL  Soc.  No.  63,  1889,  also  that  of  ProC  £.  Forbes,  bef(xre  cited,  p  86,  note. 

t  The  theorem  is  thus  stated :— "  The  eccentricity  of  the  orbit  varying,  the  total 
qnantit^  of  heat  reeeived  b^  the  earth  from  the  sun  in  one  revolntion  is  inverMiy 

J)roportional  to  the  minor  axis  of  the  orbit  The  major  axis  i%.ipvariable,  and  there- 
ore,  of  course,  the  absolute  length  of  the  year :  heoiee  it  foUowa  that  the  maao  an* 
mial  average  of  heat  will  also  be  io  the  same  iaverse  ratio  of  the  minor  axJa.**— 
QeoL  Trans,  second  series,  vol  iil  p.  295. 
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taoDs  necessary  to  determine  this  point,  though  practicable,  have  never 
yet  been  made,  and  would  be  extremely  laborious ;  for  they  must  em- 
brace  all  the  perturbations  which'  the  most  infiuential  planets,  Yenus^ 
Mars,  Jupiter,  and  Saturn,  would  cause  in  the  earth's  orbit,  and  in  each 
other's  movements  round  the  sun. 

The  problem  is  also  very  complicated,  inasmuch  as  it  depends  not 
merely  on  the  ellipticity  of  the  earth's  orbit,  but  on  the  assumed  tem- 
perature of  the  celestial  spaces  beyond  the  earth's  atmosphere ;  a  mat> 
ter  still  open  to  discussion,  and  on  which  M.  Fourier  and  Sir  J.  Herschel 
have  arrived  at  very  different  opinions.  But  if,  says  Herschel,  we  sup- 
pose an  extreme  case,  as  if  the  earth's  orbit  should  ever  become  as  ec- 
centric as  that  of  the  planet  Juno  or  Pallas,  a  great  change  of  climate 
might  be  conceived  to  result^  the  winter  and  summer  temperatures 
being  sometimes  mitigated,  and  at  others  exaggerated,  m  the  same  lati* 
tudes. 

It  is  much  to  be  desired  that  the  calculations  alluded  to  were  exe- 
cuted, as  even  if  they  should  demonstrate,  as  M.  Arago  thinks  highly 
probable,*  that  the  mean  amount  of  solar  radiation  can  never  be  mate* 
rially  affected  by  irregularities  in  the  earth's  motion,  it  would  still  be 
satisfactory  to  ascertain  the  point.  Such  inquiries,  however,  can  never 
supersede  the  necessity  of  investigating  the  consequences  of  the  varying 
poMtion  of  ciHitinents,  shifted  as  we  know  them  to  have  been  during 
successive  epochs,  from  one  part  of  the  globe  to  the  other.* 

Another  astronomical  hypothesis  respecting  the  possible  cause  of  sec- 
ular variations  in  climate,  has  been  proposed  by  a  distinguished  mathe- 
matician and  philosopher,  M.  PoissOn.  He  begins  by  assuming,  Ist, 
that  the  sun  and  our  planetaiy  system  are  not  stationary,  but  carried 
onward  by  a  common  movement  through  space ;  2dly,  that  every  point 
in  Space  receives  heat  as  well  as  light  from  innumerable  stars  surround- 
ing it  on  all  sides,  so  that  if  a  right  line  of  indefinite  length  be  produced 
in  any  direction  from  such  a  point,  it  must  encounter  a  star  either  visible 
or  invisible  to  us.  3dly,  He  then  goes  on  to  assume,  that  the  different 
regions  of  space,  which  in  the  course  of  millions  of  years  are  traversed 
by  our  S3rstem,  must  be  of  very  unequal  temperature,  inasmuch  as  some 
of  them  must  receive  a  greater,  others  a  less,  quantity  of  radiant  heat 
from  the  great  stellary  inclosure.  If  the. earth,  he  continues,  or  any 
other  large  body,  pass  from  a  hotter  to  a  colder  region,  it  would  not 
readily  lose  in  the  second  all  the  heat  which  it  has  imbibed  in  the  first 
region,  but  retain  a  temperature  increasing  downwards  from  the  surface, 
as  in  the  actual  condition  of  our  planetf 

Now  the  opinion  originally  suggested  by  Sir  W.  Herschel,  that  our 
sun  and  its  attendant  planets  were  all  moving  onward  through  space, 
m  the  direction  of  the  constellation  Hercules,  is  very  generally  thought 
by  eminent  astronomers  to  be  confirmed.    But  even  if  its  reality  be 

-*  Ami.  du  Bor.  de»Loog.  1884b 

f  PoiMon,  Tb6orie  MatMmat  de  Ut  Ohaldur,  Compt«s  Rendiis  de  TAesd  dm 
ScL,  Jan.  80, 1887. 
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no  longer  matter  of  doubt,  conjectures  as  to  its  amount  are  still  yagne 
and  uncertain ;  and  great,  indeed,  must  be  the  extent  of  the  movement 
before  this  cause  alone  can  work  any  material  alteration  in  the  terrestrial 
climates.  Mr.  Hopkins,  when  treating  of  this  theory,  remarked,  that  so 
far  as  we  were  acquainted  with  the  position  of  the  stars  not  very  remote 
from  the  sun,  they  seem  to  be  so  distant  from  each  other,  that  there  are 
no  points  in  space  among  them,  where  the  intensity  of  radiating  heat 
would  be  domparable  to  that  which  the  earth  derives  from  the  sun,  ex- 
cept at  points  very  near  to  each  star.  Thus,  in  order  that  the  earth 
should  derive  a  degree  of  heat  from  stelUr  radiation  comparable  to  that 
now  derived  from  the  sun,  she  must  be  in  close  proximity  to  some  par- 
ticular star,  leaving  the  aggregate  effect  ofVadiation  from  the  other  staiv 
nearly  the  same  as  at  present.  This  approximation,  however,  to  a  sin- 
gle star  could  not  take  place  consistenUy  with  the  preservation  of  the 
motion  of  the  earth  about  the  sun,  according  to  its  present  laws. 

Suppose  our  sun  should  approach  a  star  within  the  present  distance 
of  Neptune.  That  planet  could  no  longer  remain  a  member  of  the  solar 
system,  and  the  motions  of  the  other  planets  would  be  disturbed  in  a 
degree  which  no  one  has  ever  contemplated  as  probable  since  the  exist- 
ence of  the  solar  system.  But  such  a  star,  suppoang  it  to  be  no  hunger 
than  the  sim,  and  to  emit  the  same  quantity  of  heat,  would  not  send  to 
the  earth  much  more  than  one-thousandth  part  of  the  heat  which  she 
derives  from  the  sun,  and  would  therefore  produce  only  a  very  small 
change  in  terrestrial  temperature.*^ 

Variable  splendor  of  stars, — ^There  is  still  another  astronomical  sug- 
gestion respecting  the  possible  causes  of  secular  variations  in  the  terres- 
trial climates  which  deserves  notice.  It  has  long  been  known  that  cer- 
tain stars  are  liable  to  great  and  periodical  fluctuations  in  splendor,  and 
Sir  J.  Herschel  has  lately  ascertained  (Jan.  1840),  that  a  large  and 
brilliant  star,  called  alpha  Orionis,  sustuned,  in  the  course  of  six  weeks, 
a  loss  of  nearly  half  its  light.  '*  This  phenomenon,"  he  remarks,  "  can- 
not fail  to  awaken  attention,  and  revive  those  speculations  which  were 
first  put  forth  by  my  father  Sir  W.  Herschel,  respecting  the  possibility 
of  a  change  in  the  lustre  of  our  sun  itself.  If  there  really  be  a  commu- 
nity of  nature  between  the  sun  and  fixed  stars,  every  proof  that  we  ob- 
tain of  the  extensive  prevalence  of  such  periodical  changes  in  those  re- 
mote bodies,  adds  to  the  probability  of  finding  something  of  the  kind 
nearer  home."  Referring  then  to  the  possible  bearing  of  such  facts  on 
ancient  revolutions,  in  terrestrial  climates,  he  says,  that ''  it  is  a  matter 
of  observed  fact,  that  many  stars  have  undergone,  in  past  ages,  within 
'  the  records  of  astronomical  history,  very  extensive  changes  in  apparent 
lustre,  without  a  change  of  distance  adequate  to  producing  such  an  ef- 
fect. If  our  sun  were  even  intrinsicalli/  much  brighter  than  at  present* 
the  mean  temperature  of  the  surface  of  our  globe  would,  of  course,  be 
proportionaUy  greater.    I  speak  now  not  of  periodical,  but  of  secular 

•  Quart.  Joum.  Gwl  Soc.  1852,  p.  63. 
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But  the  argument  is  complicated  with  the  consideration  of 
the  poeBibl J  imperfect  transparency  of  the  celestial  spaces,  and  with  the 
cause  of  diat  imperfect  transparency,  which  may  be  due  to  material 
non-liiminoas  particles  diffused  irregularly  in  patches  analogous  to  neb- 
ubsy  bat  of  greater  extent — ^to  cosmieal  clouds,  in  shortr-K>f  whose  ex- 
isteDoe  we  have,  I  think,  some  indication  in  the  singular  and  apparently 
capricious  phenomena  of  temporary  stars,  and  perhaps  in  the  recent 
extraordinary  sudden  increase  and  hardly  less  sudden  diminution  of 

More  recently  (1852)  Schwabe  has  observed  that  the  spots  on  the 
sun  alternately  increase  and  decrease  in  the  course  of  every  ten  years, 
and  Captain  Sabine  has  pointed  out  that  this  variable  obscuration  coin- 
cides in  time  both  as  to  its  maximum  and  minimum  with  changes  in  all 
those  terrestrial  magnetic  variations  which  arc  caused  by  the  sun. 
Hence  he  infers  that  the  period  of  alteration  in  the  spots  is  a  solar  mo^* 
ntOcjmiod.  Assuming  such  to  be  the  case,  the  variable  light  of  some 
stars  may  indicate  a  similar  phenomenon,  or  they  may  be  stellar  mag- 
netic periods,  differing  only  in  the  degree  of  obscuration  and  its  dura- 
tion. And  as  hitherto  we  have  perceived  no  fluotuatacMi  in  the  heat 
received  by  the  earth  from  the  sun  coincident  with  the  solar  magnetic 
period,  so  the  fluctuations  in  the  brilliancy  of  the  stars  may  not  {>er- 
baps  be  attended  with  any  perceptible  alteration  in  then:  power  of  ra- 
diating heat.  But  before  we  can  speculate  with  advantage  in  this  new 
and  interesting  field  of  inquiry,  we  j^uire  more  facts  and  observations. 

Supposed  gradual  diminution  of  the  earth*s  primitive  heat — ^The 
gradual  diminution  of  the  supposed  primitive  heat  of  the  globe  has  been 
resorted  to  by  many  geologists  as  the  principal  cause  of  alterations  of 
climate.  The  matter  of  our  planet  is  imagined,  m  accordance  with  the 
coi^ectares  of  Leibnitz,  to  have  been  originally  in  an  intensely  heated 
state,  and  to  have  been  parting  ever  since  with  portions  of  its  heat,  and 
at  the  same  time  contracting  its  dimensions.  There  are,  undoubtedly, 
good  grounds  for  inferring  from  recent  observation  and  experiment,  that 
the  temperature  of  the  earth  increases  as  we  descend  from  the  surface 
to  that  slight  depth  to  which  man  can  penetrate :  but  there  are  no 
positive  proofs  of  a  secular  decrease  of  internal  heat  accompanied  by 
coatractbn.  On  the  ccmtrary,  La  Place  has  shown,  by  reference  to 
astronomical  observations  made  in  the  time  of  Hipparchus,  that  in  the 
last  two  thousan'S  years  at  least  there  has  been  no  sensible  contraction 
of  the  globe  by  cooling ;  for  had  this  been  the  case,  even  to  an  ex- 
tremely small  amount,  the  day  would  have  been  shortened^  whereas  its 
length  has  certainly  not  diminished  during  that  period  by  xlz^^  ^^  ^ 
second. 

Baron  Fourier,  after  making  a  curious  series  of  experiments  on  the 
cooling  of  incandescent  bodies,  considers  it  to  be  proved  mathematically, 
that  the  actual  distribution  of  heat  in  the  earth's  envelope  is  precisely 

*  Proceediiigs  Roy,  Aatronoip.  Soa  Xa  iii.  Jan.  1840. 
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that  which  would  have  taken  place  if  the  globe  had  been  formed  in  a 
medium  of  a  very  high  temperature,  and  had  afterwards  been  constantly 
cooled.*  He  contends,  that  although  no  contraction  can  be  demon- 
strated to  have  taken  place  within  the  historical  period  (the  operation 
being  slow  and  the  time  of  observation  limited),  yet  it  is  no  less  certain 
that  heat  is  annually  passing  out  by  radiation  from  the  interior  of  the 
globe  into  the  planetary  spaces.  He  even  undertook  to  demonstrate 
that  the  quantity  of  heat  thus  transmitted  into  space  in  the  course  of 
every  century,  through  every  square  metre  of  the  earth's  surface,  would 
suffice  to  melt  a  column  of  ice  having  a  square  metre  for  its  base,  and 
being  three  metres  (or  9  feet  10  inches)  high. 

It  is  at  the  same  time  denied,  that  there  is  any  assignable  mode  b 
which  the  heat  thus  lost  by  radiation  can  be  again  restored  to  the  earth, 
and  consequently  the  interior  of  our  planet  must,  from  the  moment  of 
its  creation,  have  been  subject  to  refrigeration,  and  is  destmed  together 
with  the  sun  and  stars  forever  to  grow  colder.  But  I  shall  point  out 
in  the  sequel  (chapter  31)  many  objections  to  these  views,  and  to  the 
theory  of  the  intense  heat  of  the  earth's  central  nucleus,  and  shall  then 
mquire  how  far  the  obsei*ved  augmentation  of  temperature,  as  we  de- 
scend below  the  surface,  may  be  referable  to  other  causes  unconnected 
with  the  supposed  pristine  fluidity  of  the  entire  globe. 


CHAPTER  IX. 

THEORY   OF  THE  PROGRESSIVE   DEVELOPMENT    OF   ORGANIC   LIFE   AT 
SUCOEBSrVE   GEOLOGICAL  PERIODS. 

Tlieory  of  the  progreaMve  development  of  oi^ganic  life— Byidence  in  ite  support 
inoondiuiye — Vertebrated  animal8,and  plants  of  the  most  perfect  organuatioa, 
in  strata  of  very  high  antiquity — Differences  between  the  organic  renudns  oi 
successive  formations — Comparative  modem  origin  of  the  hmnan  race — The 
popular  doctrine  of  successive  development  not  established  by  the  admissioi; 
that  man  is  of  modern  origin — Introduction  of  man,  to  what  extent  a  change  in 
the  system. 

Progremve  development  of  organic  life, — ^In  the  precedmg  chapters  1 
have  considered  whether  revolutions  in  the  general  climate  of  the  globe 
afford  any  just  ground  of  opposition  to  the  doctrine  that  the  former 
changes  of  the  earth  which  are  treated  of  in  geology  belong  to  one  un- 
mterrupted  series  of  physical  events  governed  by  ordinary  causes. 
Agunst  this  doctrine  some  popular  arguments  have  been  derived  from 
the  great  vicissitudes  of  the  organic  creation  in  times  past ;   I  shaD 

*  See  a  Memoir  on  the  Temperature  of  the  Terrestrial  Globe,  and  the  Planst- 
ary  Spaces,  Ann.  de  Ohimie  et  Phys.  torn,  xzvil  p.  186.    Oct  1824. 
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therefore  proceed  to  the  discussion  of  such  objections,  which  have  been 
thus  formally  advanced  by  the  late  Sir  Humphrey  Davy.  '*  It  is  im- 
possible," he  affirms,  "  to  defend  the  proposition,  that  the  present  order 
of  things  is  the  ancient  and  constant  order  of  nature,  only  modified  by 
existing  laws :  in  those  strata  which  are  deepest,  and  which  must,  con- 
sequently, be  supposed  to  be  the  earliest  deposited,  forms  even  of  ve- 
getable life  are  rare ;  shells  and  vegetable  remains  are  found  in  the  next 
order ;  the  bones  of  fishes  and  oviparous  reptiles  exist  in  the  following 
class ;  the  remains  of  birds,  with  those  of  the  same  genera  mentioned 
before,  in  the  next  order ;  those  of  quadrupeds  of  extinct  species  in  a 
still  more  recent  class ;  and  it  is  only  in  the  loose  and  slightly  consoli- 
dated strata  of  gravel  and  sand,  and  which  are  usually  called  diluvian 
formations,  that  the  remains  of  animals  such  as  now  people  the  globe 
are  found,  with  others  belonging  to  extinct  species.  But,  in  none  of 
these  formations,  whether  called  secondary,  tertiary,  or  diluvial,  have 
the  remains  of  man,  or  any  of  his  works,  been  discovered ;  and  who- 
ever dwells  upon  this  subject  must  be  convinced,  that  the  present  order 
of  things,  and  the  comparatively  recent  existence  of  man  as  the  mastei 
of  the  globe,  is  as  certain  as  the  destruction  of  a  former  and  a  different 
order,  and  the  extinction  of  a  number  of  living  forms  which  have  no 
types  in  being.  In  the  oldest  secondary  strata  there  are  no  remains  of 
such  animak  as  now  belong  to  the  siuface ;  and  in  the  rocks,  which 
may  be  regarded  as  more  recently  deposited,  these  remains  occur  but 
rarely,  and  with  abundanc^of  extinct  species  ; — ^there  seems,  as  it  were, 
a  grstdual  approach  to  the  present  system  of  things,  and  a  succession  of 
destructions  and  creations  preparatory  to  the  existence  of  man."* 

In  the  above  passages,  the  author  deduces  two  important  conclusions 
from  geological  data :  first,  that  in  the  successive  groups  of  strata, 
from  the  oldest  to  the  most  recent,  there  is  a  progressive  development 
of  organic  life,  from  the  simplest  to  the  most  complicated  forms ; — 
secondly,  that  man  is  of  comparatively  recent  origin,  and  these  conclu- 
sions be  regards  as  inconsistent  with  the  doctrine,  "  that  the  present 
order  of  things  is  the  ancient  and  constant  order  of  nature  only  modified 
by  existing  laws." 

With  respect,  then,  to  the  first  of  these  proportions,  we  may  ask 
whether  the  theory  of  the  progressive  development  of  animal  and  vege- 
table life,  and  theur  successive  advancement  from  a  simple  to  a  more 
perfect  state,  has  any  secure  foundation  in  fact  ?  No  geologists  who 
are  in  possession  of  all  the  data  now  established  respecting  fossil  re- 
mains, will  for  a  moment  contend  for  the  doctrine  in  all  its  detail,  as 
laid  down  by  the  distinguished  philosopher  to  whose  opinions  we  have 
referred :  but  naturalists,  who  are  not  unacquainted  with  recent  discov- 
eries, continue  to  defend  it  in  a  modified  form.  They  say  that  in  the 
first  period  of  the  world  (by  which  they  mean  the  earliest  of  which  we 
have  yet  brought  to  light  any  memorials),  the  vegetation  was  charac- 
terized by  a  predominance  of  cryptogamic  plants,  while  the  animals 
•  Sir  H.  Davy,  Ooosolations  in  Travel :  Dialogue  III.  "  The  Unknown." 
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which  coexisted  were  ahnost  entu^lj  confined  to  zoophytes,  testacea, 
and  a  few  fish.  Plants  of  a  less  simple  structure,  conifers  and  cyca- 
dea,  flourished  largely  in  the  next  epoch,  when  oviparous  reptiles  began 
also,  to  abound.  Lastly,  the  terrestrial  flora  became  most  diversified 
and  most  p^ect  when  the  highest  ordisrs  of  animals^  the  mammalia 
and  birds,  were  called  into  existence. 

Now  in  the  first  place,  it  may  be  observed,  that  many  naturalists  are 
guilty  of  no  small  inconsistency  m  endeavoring  to  connect  the  phe- 
nomena of  the  earliest  vegetation  with  a  nascent  condition  of  oi^ganic  life, 
and  at  the  same*  time  to  deduce  from  the  numerical  predominance  of 
certain  forms,  the  greater  heat  or  uniformity  of  the  ancient  climate. 
The  arguments  in  favor  of  the  latter  conclusion  are  without  any  force, 
unless  we  can  assume  that  the  rules  followed  by  the  Author  of  Nature 
in  the  creation  and  distribution  pf  organic  beings  were  the  same  for- 
merly  as  now ;  and  that^  as  certain  families  of  animals  and  plants  are 
now  most  abundant  in,  or  exclusively  confined  to  regions  where  there  is 
a  certain  temperature,  a  certain  degree  of  humidity,  a  certain  intensity 
of  light,  and  other  conditions,  so  also  analogous  phenomena  were  ex- 
hibited at  every  former  era. 

If  this  postulate  be  denied,  and  the  prevalence  of  particular  families 
be  declared  to  depend  on  a  certain  order  of  precedence  in  the  introduc- 
tion of  different  cUisses  mto  the  earth,  and  if  it  be  maintained  that  the 
standard  of  organization,  was  raised  successively,  we  must  then  ascribe 
the  numerical  prjeponderance,  in  the  earliel*ages,  of  plants  of  simpler 
structure,  not  to  the  heat,  or  other  dimatal  conditions,  but  to  those  dif- 
ferent laws  which  reguli^te  organic  life  in  newly  created  worlds. 

Before  we  can  infer  a  warm  and  uniform  temperature  in  high  lati- 
tudes, from  the  presence  of  250  species  of  ferns,  some  of  them  arbo- 
rescent, accompanied  by  lycopadiac»  of  large  size,  and  araucarise,  we 
must  be  permitted  to  assume,  that  at  all  times,  past>  present,  and 
future,  a  heated  and  moist  atmosphere  pervading  Uie  northern  hemi- 
sphere has  a  tendency  to  produce  in  the  vegetation  a  predominance  of 
analogous  fanm. 

It  should  moreover  be  borne  in  mind,  when  we  are  considering  the 
question  of  development  from  a  botanical  point  of  view,  that  naturalists 
are  bj  no  means  agreed  as  to  the  existence  of  an  ascending  scale  of 
organization  in  the  vegetable  world  corresponding  to  that  which  is  very 
generally  recognized  in  animals.  "From  the  sponge  to  man,*'  in  the 
language  of  De  Blainville,  there  may  be  a  progressive  chain  of  being, 
although  often  broken  and  imperfect ;  but  if  we  Bee\  to  classify  plants 
according  to  a  linear  arrangement,  ascending  gradually  from  the  lichen 
to  the  lily  or  the  roset,  we  encounter  incomparably  greater  difficulties. 
Yet  the  doctrine  of  a  more  highly  developed  organization  in  the  plants 
created  at  successive  periods  presupposes  the  admission  of  such  a 
graduated  scale. 

We  have  as  yet  obtamed  but  scanty  inibrmation  respecting  the  state 
of  the  terrestrial  flora  at  periods  antecedent  to  the  coal.    In  the  carbw- 
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tferoos  epoch,  abont  500  species  of  fossil  plants  are  enumerated  bj 
Adolphe  Brongniart,  which  we  may  safely  regaid  as  a  mere  fragment  of 
an  ancient  flora ;  since,  in  Europe  alone,  tb^re  are  now  no  less  than 
11,000  living  species.  I  have  already  hinted  that  the  plants  which 
produced  coal  were  not  drifted  from  a  distance,  but  that  nearly  all  of 
them  grew  on  the  spots  where  they  became  fossil.  They  appear  to 
haye  belonged,  as  before  explained  (p.  115),  to  a  peculiar  class  of  sta- 
tions,— to  low  level  and  swampy  regions,  m  the  deltas  of  large  rivers, 
8%htly  elevated  above  the  level  of  the  sea.  From  the  study,  there- 
fore, of  such  a  vegetation,  we  can  derive  but  little  insight  into  the  na- 
ture of  the  contemporaneous  uphind  flora,  still  less  of  the  plants  of  the 
mountainouis  or  Alpine  country ;  and  if  so,  we  are  enabled  to  account 
for  the  apparent  monotony  of  the  vegetation,  although  its  uniform 
character  was  doubtl&ss  in  part  owing  to  a  greater  uniformity  of  climate 
then  prevailing  throughout  the  globe.  Some  of  the  coounonest  trees  of 
this  period,  such  as  the  sigillarise,  which  united  the  structure  of  ferns 
and  of  cycadeas,  departed  very  widely  from  all  known  living  types. 
The  conifer©  and  ferns,  on  the  contraiy,  were  very  closely  allied  to 
living  genera.  It  rs  remarkable  that  none  of  the  exogens  of  Lindley 
(dicotyledonous  an^osperms  of  Brongniart),  which  comprise  four- 
fifths  of  the  living  flora  of  the  globe,  and  include  all  the  forest  trees  of 
Europe  except  the  fir-tribe,  have  yet  been  discovered  in  the  coal  meas- 
ureSy  and  a  very  small  number — ^fifteen  species  only— of  monocotyle- 
dons. If  several  of  these  H&t  are  true  plants,  an  opinion  to  which  Messrs. 
Lindley,  Unger,  Corda,  and  other  botanists  of  note  incline,  the  question 
whether  any  of  the  most  highly  organized  plants  are  to  be  met  with  in 
ancient  strata  is  at  once  answered  in  the  affirmative.  But  the  determi- 
nation of  these  palms  being  doubtful,  we  have  as  yet  in  the  coal  no 
positive  proofs  either  of  the  existence  of  the  most  perfect,  or  of  the 
most  simple  forms  of  flowering  or  flowerless  vegetation.  We  have  no 
fungi,  lichens,  hepatici  or  mosses :  yet  this  latter  Glass  may  have  been 
as  fully  represented  then  as  now. 

In  the  flora  of  the  secondary  eras,  all  botanists  agree  that  palms 
existed,  although  in  Europe  plants  of  the  family  of  zamia  and  cycas 
together  with  conifers  predominated,  and  must  have  ^ven  a  peculiar 
aspect  to  the  flora.  As  only  200  or  800  species  of  plants  are  known 
in  all  the  rocks  ranging  from  the  Trias  to  the  Oolite  inclusive,  our  data 
are  too  Bcanty  as  yet  to  affirm  whether  the  vegetation  of  this  second 
epoch  was  or  was  not  on  the  whole  of  a  simpler  organization  than  that 
of  our  own  times. 

In  the  Lower  Cretaceous  formation,  near  Aix-la-Chapelle,  the  leaves 
of  a  great  many  dicotyledonous  trees  have  lately  been  discovered  by 
Dr.  Debey,  establishing  the  important  fact  of  the  coexistence  of  a  large 
number  of  angiosplerms  with  cycadeee,  and  with  that  rich  reptilian  fauna 
comprising  the  ichthyosaur,  plesiosamr,  and  pterodactyl*  which  some  had 
supposed  to  indicate  a  state  of  the  atmosphere  unfavorable  to  a  dicoty- 
ledonous vegetation. 
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The  number  of  plants  hitherto  obtained  from  tertiary  strata  of  differ^ 
ent  ages  is  very  limited,  but  is  rapidly  increasing,  lliey  are  referable 
to  a  much  greater  variety  of  families  and  classes  than  an  equal  number 
of  fossil  species  taken  from  secondary  or  primary  rocks,  the  angio- 
sperms  bearing  the  same  proportion  to  the  gymnosperms  and  acrogena 
as  in  the  present  flora  of  the  globe.  This  greater  variety  may,  doubtless, 
be  partly  ascribed  to  the  greater  diversity  of  stations  in  which  the  plants 
grew,  as  we  have  in  this  case  an  opportunity,  rarely  enjoyed  in  study- 
ing the  secondary  fossils,  of  investigating  inland  or  lacustrine  deposits 
accumulated  at  different  heights  above  the  sea,  and  containing  the  me- 
morials of  plants  washed  down  from  adjoining  mountiins. 

In  regard,  then,  to  the  strata  from  the  cretaceous  to  the  uppermost 
tertiary  inclusive,  we  may  affirm  that  we  find  in  them  all  the  principal 
classes  of  living  plants,  and  during  this  vast  lapse  of  time  four  or  five 
complete  changes  in  the  vegetation  occurred,  yet  no  step  whatever  was 
made  in  advance  at  any  of  these  periods  by  the  addiUon  of  more  highly 
organized  species. 

If  we  next  turn  to  the  fossils  of  the  animal  kingdom,  we  may  inquire 
whether,  when  they  are  arranged  by  the  geologists  in  a  chronological 
series,  they  imply  that  beings  of  more  highly  developed  structure  and 
greater  intelligence  entered  upon  the  earth  at  successive  epochs,  those 
of  the  simplest  organization  being  the  first  created,  and  those  more 
highly  organized  being  the  last. 

Our  knowledge  of  the  Silurian  fauna  is  at  present  derived  entirely 
from  rocks  of  marine  origin,  no  fresh- water  strata  of  such  high  anti^ity 
having  yet  been  met  with.  The  fossils,  however,  of  these  ancient  rocbi 
at  once  reduce  the  theory  of  progressive  development  to  within  very 
narrow  limits,  for  already  they  comprise  a  very  full  representation  of  the 
radiata,  mollusca,  and  articulata  proper  to  the  sea.  Thus,  in  the  great 
division  of  radiata,  we  find  asteriod  and  helianthoid  zoophytes,  be- 
sides crinoid  and  cystidean  echinoderms.  In  the  moUusca,  between 
200  and  300  species  of  cephalopoda  are  enumerated.  In  the  articulata 
we  have  the  crustaceans  represented  by  more  than  200  species  of  trilo 
bites,  besides  other  genera  of  the  same  class.  The  remains  of  fish  are 
as  yet  confined  to  the  upper  part  of  the  Silurian  series ;  but  some  of 
these  belong  to  placoid  fish,  which  occupy  a  high  grade  in  the  scale  of 
ox^anization.  Some  naturalists  have  assumed  that  the  earliest  fauna 
was  exclusively  marine,  because  we  have  not  yet  found  a  single  Siluiian 
helix,  insect,  bird,  terrestrial  reptile  or  mammifer ;  but  when  we  carry 
back  our  investigation  to  a  period  so  remote  from  the  present,  we  ought 
not  to  be  surprised  if  the  only  accessible  strata  should  be  limited  to 
deposits  formed  far  from  land,  because  the  ocean  probably  occupied 
then,  as  now,  the  greater  part  of  the  earth's  surface.  After  so  many 
entire  geographical  revolutions,  the  chances  are  nearly  three  to  one  in 
favor  of  our  finding  that  such  small  portions  of  the  existing  continents 
and  islands  as  expose  Silurian  strata  to  view,  should  coincide  in  position 
with  the  ancient  ocean  rather  than  the  land.     We  must  not,  therefore. 
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too  hastily  infer,  from  the  absence  of  fossil  bones  of  mammalia  in  the 
older  rocks,  that  the  highest  class  of  vertebrated  animals  did  not  exist 
in  remoter  ages.  There  are  regions  at  present,  in  the  Indian  and  Pacific 
Oceans,  coextensive  in  area  with  the  continents  of  Europe  and  North 
America,  where  we  might  dredge  the  bottom  and  draw  up  thousands 
of  shells  and  corals,  without  obtaining  one  bone  of  a  land  quadruped. 
Suppose  our  mariners  were  to  report,  that,  on  sounding  in  the  Indian 
Ocean  near  some  coral  reefs,  and  at  some  distance  irom  the  land,  they 
drew  up  on  hooks  attached  to  their  line  portions  of  a  leopard,  elephant, 
or  tapir,  should  we  not  be  skeptical  as  to  the  accuracy  of  their  state- 
ments ?  and  if  we  had  no  doubt  of  their  veracity,  might  we  not  suspect 
them  to  be  unsldlful  naturalists?  or,  if  the  fact  ^ere  unquestioned, 
should  we  not  be  disposed  to  believe  that  some  ves^l  had  been  wreck- 
ed on  the  spot  ? 

The  casualties  must  always  be  rare  by  which  land  quadrupeds  are 
swept  by  rivers  far  out  into  the  open  sea,  and  still  rarer  the  contingency 
cf  such  a  floating  body  not  being  devoured  by  sharks  or  other  preda- 
eeorjft  fish,  such  as  were  those  of  which  we  find  the  teeth  preserved  in 
some  of  the  carboniferous  strata.  But  if  the  carcass  should  escape,  and 
should  happen  to  sink  where  sediment  was  in  the  act  of  accumulating, 
and  if  the  numerous  causes  of  subsequent  disintegration  should  not  ef- 
face all  traces  of  the  body,  included  for  countless  ages  in  solid  rock,  is 
it  not  contrary  to  all  calculation  of  chances  that  we  should  hit  upon  the 
exact  spot"-that  mere  point  in  the  bed  of  an  ancient  ocean,  where  the 
precious  relic  was  entombed  ?  Can  we  expect  for  a  moment,  when  we 
have  only  succeeded,  amidst  several  thousand  fragments  of  corals  and 
shells,  in  finding  a  few  bones  of  aquatic  or  amphibious  animab,  that  we 
should  meet  with  a  single  skeleton  of  an  inhabitant  of  the  land  ? 

Clarence,  in  his  dream,  saw,  '*  in  the  slimy  bottom  of  the  deep," 

a  thousand  fearfal  wrecks ; 

A  thousand  men,  that  fishes  gnaw'd  upon : 
Wedges  of  gold,  great  anchors,  heaps  of  pearL 

Had  he  also  beheld,  amid  "  the  dead  bones  that  lay  scattered  by,"  the 
carcasses  of  lions,  deer,  and  the  other  wild  tenants  of  the  forest  and  the 
plain,  the  fiction  would  have  been  deemed  unworthy  of  the  genius  of 
Shakspeare.  So  daring  a  disregard  of  probability  and  violation  of  anal- 
ogy would  have  been  condemned  as  unpardonable,  even  where  the  poet 
was  painting  those  incongruous  images  which  present  themselves  to  a 
distmrbed  imaginattoii  during  the  visions  of  the  night. 

Until  lately  it  was  supposed  that  the  old  red  sandstone,  or  Devonian 
rocks,  contained  no  vertebrate  remains  except  those  of  fish,  but  in  1850 
the  footprints  of  a  chelonian,  and  in  1851  the  skeleton  of  a  reptile,  al- 
lied both  to  the  batrachians  and  lizards,  were  found  in  a  sandstone  of 
that  age  near  Elgin  in  Scotland.*    Up  to  the  year  1844  it  was  laid 

*  Quart  Jonm.  GeoL  Soc.  1862. 
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down  as  a  received  d<^ma  in  manj  works  of  high  authority  m  geology* 
that  reptiles  were  not  created  until  after  the  clpfse  of  the  carbpniferoua 
epoch.  In  the  course  of  that  year,  however,  Hermann  Yon  Meyer  an- 
nounced the  discovery,  in  the  coal  measures  <^  Rhenish  Bavaria,  of  a 
reptile,  called  hy  him  Apateon,  related  to  the  salamanders;  and  in 
1847  three  species  of  another  genus,  called  archegosaurus  by  Goldfnss, 
were  obtuned  from  the  coal  of  Saarbriick,  between  Treves  and  Stras- 
burg.  The  footprints  of  a  large  quadruped,  probably  batrachian,  had 
also  been  observed  by  Dr.  King  in  the  carboniferous  rocks  of  Pennsyl- 
vania in  1844.  The  first  example  of  the  bones  of  a  reptOe  in  the  Coal 
of  North  America  was  detected  so  lately  as  September,  1852,  hj  Mr. 
Gt,  W.  Dawson  and  myself  in  Nova  Scotia.  These  remains,  referred  by 
Messrs.  Wyman  and  Owen  to  a  perennibrftnchiate  batrachian,  were  met 
with  in  the  interior  of  an  erect  fossil  tree,  apparently  a  sigillaria.  They 
seem  clearly  to  have  been  introduced  together  with  sediment  into  the 
tree,  during  its  submergence  and  after  it  had  decayed  and  was  standing 
as  a  hollow  cylinder  of  bark,  this  bark  being  now  converted  into  coal. 

When  Agassiz,  in  his  great  work  on  fossil  fish,  described  162  species 
of  ichthyolitcs  from  the  Coal,  he  found  them  to  consist  of  04  placoids, 
belonging  to  the  families  of  shark  and  ray,  and  58  ganoids.  One  fam- 
ily of  the  latter  he  called  "  sauroid  fish,"  including  the  megalicthys  and 
holoptychius,  often  of  great  size,  and  all  predaceous.  Although  true 
fish,  and  not  intermediate  between  that  class  and  reptiles,  they  seem  to 
have  been  more  highly  organized  than  any  living  fish,  reminding  us  of 
the  skeletons  of  saurians  by  the  close  suture  of  their  crania]  bones,  their 
lai^e  conical  teeth,  striated  longitudinally,  and  the  articulation  of  the 
spinous  processes  with  the  vertebra.  Among  living  species  they  are 
most  nearly  allied  to  the  lepidosteus,  or  bony  pike  of  the  North  Ameri- 
can rivers.  Before  the  recent  progress  of  discovery  above  alluded  to 
had  shown  the  fallacy  of  such  ideas,  it  was  imagined  by  some  geolo- 
gists that  this  ichthyic  type  was  the  more  highly  developed,  because  it 
took  the  lead  at  the  head  of  nature  before  the  class  of  reptiles  had  been 
created.  The  confident  assumption  indulged  in  till  the  year  1844,  that 
reptiles  were  first  introduced  into  the  earth  in  the  Permian  period,  shows 
the  danger  of  taking  for  granted  that  the  date  of  the  creation  of  any 
family  of  animals  or  plants  in  past  time  coincides  with  the  age  of  the 
oldest  stratified  rock  in  which  the  geologist  has  detected  its  remains. 
Nevertheless,  after  repeated  disappointments,  we  find  some  naturalists 
as  much  disposed  as  ever  to  rely  on  such  negative  evidence,  and  to  feel 
now  as  sure  that  reptiles  were  not  introduced  into  the  earth  till  after 
the  Silurian  epoch,  as  they  were  in  1844,  that  they  appeared  for  the 
first  time  at  an  era  subsequent  to  the  carboniferous. 

Scanty  as  is  the  information  hitherto  obtained  in  regard  to  the  articu- 
lata  of  the  coal  formation,  we  have  at  least  ascertained  that  some  in- 
sects winged  their  way  through  the  ancient  forests.  In  the  ironstone 
of  Coalbrook  Dale,  two  species  of  coleoptera  of  the  Linnaean  genus  ciu> 
culio  have  been  met  with :  and  a  neuropterous  insect  resembling  a  co« 
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ijdalis,  togeiher  with  another  of  tbe  same  order  related  to  the  phas* 
mids.  As  an  example  of  the  insectiToronfl  araehmdce,  I  may  mention 
the  scorpion  of  the  Bohemian  coal,  figured  by  Count  Sternberg,  m  -which 
even  the  ejes,  skin,  and  minute  hairs  were  preserved.*  We  need  not 
despair,  therefore,  of  obtaining  eventually  fossil  representatives  of  all 
the  principal  orders  of  hezapods  and  arachnidtt  in  carboniferous  strata. 

Next  in  chronological  order  above  the  Coal  comes  the  allied  Magne- 
sian  Limestone,  or  Permian  groupr  and  the  secondary  formations  from 
the  Trias  to  the  Chalk  inclusive.  These  rocks  comprise  tbe  monuments 
of  a  long  series  of  ages  in  which  reptiles  of  every  variety  of  size,  form, 
and  structure  peopled  the  earth ;  so  that  the  whole  period,  and  especially 
that  of  the  Lias  and  Oohte,  has  been  sometimes  called  "  the  age  of  rep- 
tiles." As  there  are  now  mammalia  entirely  confined  to  the  land ;  others 
which,  like  the  bat  and  vampire,  fly  in  the  air ;  others,  again,  of  amphibi- 
ous habits,  frequenting  rivers,  like  the  hippopotamus,  otter,  and  beaver ; 
others  exclusively  aquatic  and  marine,  like  the  seal,  whale,  a,nd  narwal ; 
so  in  tbe  early  ages  under  consideration,  there  were  terrestrial,  winged, 
and  aquatic  reptiles.  There  were  iguanodons  walking  on  the  land,  ptero- 
dactyls winging  their  way  through  the  air,  monitors  and  crocodiles  in 
the  rivers,  and  ichthyosaurs  and  plesiosaurs  in  the  ocean.  It  appears 
also^that  some  of  these  ancient  saurians  approximated  more  nearly  in 
their  organization  to  the  type  of  living  mammalia  than  do  any  of  the 
reptiles  now  existing.f 

In  the  vast  range  of  strata  above  alluded  to,  comprising  the  Permian, 
the  Upper  New  Bed  Sandstone  and  Muschelkalk,  the  Lias,  Oolite, 
Wealden,  Green-sand,  and  Chalk,  scarcely  any  well-authenticated  in- 
stances of  the  occurrence  of  fossil  birds  in  Europe  are  on  record,  and 
only  two  or  three  of  fossO  mammalia. 

In  regard  to  the  absence  of  birds,  they  are  usually  wanting,  for  rea- 
sons afterwards  to  be  explained  (see  chap.  47),  in  deposits  of  all  ages, 
even  in  the  tertiary  periods,  where  we  know  that  birds  as  well  as  land 
quadrupeds  abound^.  Some  at  least  of  the  fossil  remuns  formerly  re- 
ferred to  this  class  in  the  Wealden  (a  great  freshwater  deposit  below 
the  chalk),  have  been  recently  shown  by  Mr.  Owen  to  belong  to  ptero- 
dactyls.^ But  in  North  America  still  more  ancient  indications  of  the 
enstence  of  the  feathered  tribe  have  been  detected,  the  fossil  foot-marks 
of  a  great  variety  of  species,  of  various  sizes,  some  larger  than  the  ostrich, 
others  smaller  than  the  plover,  having. been  observed.  These  bipeds 
have  left  marks  of  their  footsteps  on  strata  of  an  age  decidedly  interme- 
diate between  the  Lias  and  the  Coa].§ 

The  Examples  of  mammalia,  above  alluded  to,  are  confined  to  the  Trias 
and  the  Oolite.  In  the  former,  the  evidence  is  as  yet  limited  to  two 
small  molar  teeth,  described  by  Professor  Plieninger  in  1847,  under  the 

*  BnckUmd's  Bridgewater  Treatige,  p.  409. 

\  Owen's  Report  on  **  British  FomU  Reptile^  to  Brit.  Soc."  1841,  p.  ioa 
•    Z  Qaart  Joora  Oeol.  Soc;  Na  6,  p.  96. 

i  See  Hitchcock's  Report  on  GeoL  of  Mawach1uett^  and  Lyell's  TraveU  ia 
IToith  America,  chapu  12. 
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generic  name  of  Microlestes.  They  were  found  near  Stuttgart,  and  pos- 
sess the  double  fangs  so  characteristic  of  mammalia.*  The  other  fossil 
remains  of  the  same  class  were  derived  from  one  of  the  inferior  members 
of  the  oolitic  series  in  Oxfordshire,  and  afford  more  full  and  satisfactory 
evidence,  consisting  of  the  lower  jaws  of  three  species  of  small  quadru«* 
neds  about  the  size  of  a  mole.    Cuvier,  when  he  saw  one  of  them  (during 


TliylMOtheriiim  FrevoAtU  (  V<iUncimns%\    Amphitberlam  ( Owm),    Jjomet  Jaw,  tnm.  th* 
slate  of  BtoDesfleld,  near  Oxfordt 

a  visit  to  Oxford  in  1818),  referred  it  to  the  marsupial  order,  stating, 
however,  that  it  differed  from  all  known  camivora  in  having  ten  molar 
teeth  in  a  row.  Professor  Owen  afterwards  pointed  out  that  the  Jaw 
belonged  to  an  extinct  genus,  having  considerable  affinity  to  a  newly 
discovered  Australian  mammifer,  the  Myrmecobius  of  Waterhouse,  which 
has  nine  molar  teeth  in  the  lower  jaw.    (Fig.  9.)  A  more  perfect  sped- 

men  enabled  Mr.  Owen  in  1 846  to 
^-  ••  prove  that  the  inflection  of  the  an- 

gular process  of  the  lower  jaw  was 
not  sufficiently  marked  to  entitle 
the  osteologist  to  infer  that  this 
V.    ,    .      .«,_.*      V    «      .     quadruped  was  marsupial,  as  the 

Mjrmecobiiia  fasctatusCTFo^AovM).    Recent      ^  ^,  ,  ,  \     , 

flx>m  Swan  Biyer.    Lower  jaw  of  tbenataial      procesS  IS  UOt  bent  mwards  m  a 

greater  degree  than  in  the  mote  or 
hedgehog.  Hence  the  genus  amphitherium,  of  which  there  are  two 
species  from  Stonesfield,  must  be  referred  to  the  ordmary  or  placental 

*  See  Manual  of  Geol  by  the  Author,  index  Mierolestea. 

f  This  figure  (Na  8)  is  from  a  drawing  by  ProfeBeor  C.  Prevoat,  published  Ann. 
des  Scu  Nat.  Avril,  1820.  The  fossil  is  a  lower  jaw,  adhering  by  its  inner  side  to 
the  slab  of  oolite,  in  which  it  is  sunk  The  form  of  the  condyle,  or  posterior  pro- 
cess of  the  jaw,  is  convex,  agreeing,  with  the  mammiferous  t^rpe,  and  is  dbtinctly 
seen,  an  impression  of  it  being  left  on  the  stone,  although  in  this  specimen  the  bone 
is  wanting.  The  anterior  part  of  the  jaw  has  been  partially  broken  away,  so  that 
the  double  fangs  of  the  molar  teeth  are  seen  fixed  in  their  sockets,  the  form  of  the 
fangs  being  characteristic  of  the  mammalia.  Ten  molars  are  preserved,  and  the 
place  of  an  eleventh  is  believed  to  ie  apparent  The  enamel  of  some  of  the  teeth 
IS  well  preserved. 

X  A  colored  figure  of  this  small  and  elegant  quadruped  is  given  in  the  Trana 
ZooL  Soc.  vol  it  pi.  28.  It  is  insectivorous,  and  was  taken  in  a  hollow  tree,  in  a 
country  abounding  in  ant-hills,  ninety  miles  to  the  southeast  of  the  mouth  of  Swan 
River  m  Australia. — It  is  the  first  living  marsupial  species  known  to  have  nine 
molar  teeth  in  the  lower  jaw,  and  some  of  the  teeth  are  widely  separated  from 
others,  one  of  the  peculiarities  in  the  thylaootherium  of  Stonesfield,  which  at  fint 
induoed  M.  BUunville  to  refer  that  creature  to  the  class  of  reptiles. 
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type  c^  insectiroroiis  nwminals,  although  it  approximates  in  some  points 

^  structure  to  the  myrmeoobtus  and  allied  marsupials  of  Australia.  The 

other  eontempcH^ry  genus,  called  phascolotherium,  agrees  much  more 

nearly  in  osteological  character  and  precisely  in  the  number  of  the  teeth 

with  the  opossums;  and  is  belicYed  to  have  been  truly  marsupial. 

(Fig.  10.) 

s  Fi«.ia 


Pbaaoolotherfaun  Bmkbndi,  (>icMn.  (8tni»  Dtdelphls  BookJandl,  Srod.) 
Lower  Jaw,  from  Btoneefleld.*' 

1.  Tbo  Jaw  mignlflod  twice  In  length,      i.  The  seeond  molar  tooth  magnified  ilz  tbneiL 

The  occurrence  of  these  most  ancient  memorials  of  the  mammiferous 
lype»  in  so  low  a  member  of  the  oolitic  series,  while  no  other  repre- 
sentatires  of  the  same  class  (if  we  except  the  microlestes)  have  yet  been 
found  in  any  other  of  the  inferior  or  superior  secondary  strata,  is  a 
striking  fact,  and  should  serve  as  a  warning  to  us  against  hasty  general- 
izations, founded  solely  on  negative  evidence.  So  important  an  excep- 
tion to  a  general  rule  may  be  perfectly  consistent  with  the  conclusion, 
tiiat  a  small  number  only  of  mammalia  mhabited  European  latitudes 
when  our  secondary  rocks  were  formed ;  but  it  seems  fatal  to  the  theory 
of  progressive  development,  or  to  the  notion  that  the  order  of  prece- 
dence in  the  creation  of  animals,  considered  chronologically,  has  pre- 
cisely coincided  with  the  order  in  which  they  would  be  ranked  accord- 
ing to  perfection  or  complexity  of  structure. 

It  was  for  many  years  suggested  that  the  marsupial  order  to  which 
the  fossil  animals  of  Stonesfield  were  supposed  exclusively  to  belong 
constitutes  the  lowest  grade  in  the  class  Mammalia,  and  that  this  order, 
of  which  the  brain  is  of  more  dmple  form,  evinces  an  inferior  degree  of 

*  Thb  figure  (Na  10)  was  taken  from  the  ori^al,  formerly  in  Mr.  Broderip's 
coUectioo,  and  now  in  the  British  Musemn.  It  cooaiats  of  the  right  half  of  a  lower 
jaw,  of  which  the  inner  aide  ia  seen.  The  jaw  eontains  seven  molar  teeth,  one 
canine,  and  three  inciaora ;  bat  the  end  of  the  jaw  ia  fractured,  and  traces  of  the 
alveolus  of  a  fourth  incisor  are  seea  With  thia  addition,  the  number  of  teeth 
would  agree  exactly  with  thoee  of  a  lower  jaw  of  a  didelphis.  The  fossil  is  well 
{Nreserved  in  a  slab  of  oolitic  structure  containing  shells  of  trigonia  and  other  mar 
rine  remains.  Two  or  three  other  similar  jaws,  oesides  those  above  represented 
have  been  proeured  fnm  the  auarries  of  Stonesfield.—* See  Broderip^  ZooL  Joum 
voL  Q.  p.  40S.    Owen,  Proceeoings  Geol.  Soc^  November,  18SS. 
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intelKgence.  If,  therefore,  in  the  oolitic  period  the  marsupial  tribes 
were  the  onlj  warm-blooded  quadrftpeds  which  had  as  yet  appeared 
upon  our  planet^  the  fact,  it  was  said,  confirmed  the  theory  which 
teaches  that  the  creation  of  the  more  simple  forms  in  each  diviaon  of 
)the  animal  Idngdom  preceded  that  of  the  more  complex.  But  on  how 
slender  a  support,  even  if  the  facts  had  continued  to  hold  true,  did  such 
important  conclusions  hang !  The  Australian  continent,  so  far  as  it  has 
been  hitherto  explored,  contains  no  indigenous  quadrupeds  save  those 
of  the  marsupial  order,  with  the  exception  of  a  few  small  rodents,  while 
some  neighboring  islands  to  the  north,  and  eyen  southern  Africa,  in  the 
same  latitude  as  Australia,  abound  in  mammalia  of  every  tribe  except 
the  marsupial.  We  are  entirely  unable  to  explain  on  what  physiologi- 
cal or  other  laws  this  singular  diversity  in  the  habitations  of  living  mam- 
malia depends ;  but  nothing  is  more  c.ear  than  that  the  causes  which 
stamp  so  peculiar  a  character  on  two  different  provinces  of  wide  extent 
are  wholly  independent  of  time,  or  of  the  age  or  maturity  of  the  planet 

The  strata  of  the  Wealden,  although  of  a  later  date  than  the  oolite  of 
Stonesfield,  and  although  filled  with  the  remains  of  large  reptiles,  both 
terrestrial  and  aquatic,  have  not  yielded  as  yet  a  angle  marsupial  bone. 
Were  we  to  assume  on  such  scanty  data  that  no  warm-blooded  quadru- 
peds were  then  to  be  found  throughout  the  northern  hemisphere,  there 
would  still  remain  a  curious  subject  of  speculation,  whether  the  entire 
suppression  of  one  important  class  of  vertebrata,  such  as  the  mammifer- 
bus,  and  the  great  development  of  another,  such  as  the  reptilian,  implies 
a  departure  from  fixed  and  uniform  rules  governing  the  fluctuations  of 
the  animal  world ;  such  rules,  for  example,  as  appear  from  one  century 
to  another  to  determine  the  growth  of  certain  tribes  of  plants  and  ani- 
mals in  arctic,  and  of  other  tribes  in  tropical  regions. 

In  Australia,  New  Zealand,  and  many  other  parts  of  the  southern 
hemisphere,  where  the  indigenous  land  quadrupeds  are  comparatively 
few,  and  of  small  dimensions,  the  reptiles  do  not  predominate  in  number 
or  size.  The  deposits  formed  at  the  mouth  of  an  Australian  river,  within 
the  tropics,  might  contain  the  bones  of  only  a  few  small  marsupial  an- 
imals,  which,  like  those  of  Stonesfield,  might  hereafter  be  discovered 
with  difficulty  by  geologists ;  but  there  would,  at  the  same  time,  be  no 
megalosauri  and  other 'fossil  remains,  showing  that  large  saurians  were 
plentiful  on  the  land  and  in  the  waters  at  a  time  when  mammalia  were 
scarce.  This  example,  therefoiie,  would  afford  a  very  imperfect  parallel 
to  the  state  of  the  animal  kingdom,  supposed  to  have  prevmled  during 
the  secondary  periods,  when  a  high  temperature  pervaded  European 
latitudes. 

It  may  nevertheless  be  advantageous  to  point  to  some  existing  anom- 
alies in  the  geographical  development  of  distinct  classes  of  vertebrata 
which  may  be  comparable  to  former  conditions  of  the  animal  creation 
brought  to  light  by  geology.  Thus  in  the  arctic  regions,  at  present, 
reptiles  are  small,  and  sometimes  wholly  wanting,  where  birds,  large 
land  quadrupeds,  and  cetaeea  abound.     We  meet  with  bears,  wolves, 
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foxes,  musk  oxen,  and  deer,  walnues,  seala,  whales,  and  narwals,  in  re- 
gions of  ice  and  snow,  wh^re  the  smallest  snakes,  efts,  and  frogs  are 
larely,  if  ever,  seen* 

A  still  more  anomalous  state  of  things  presents  itself  in  the  sonthem 
hemisphere.  Even  in  the  temperate  sone,  between  the  latitudes  62^ 
and  56^  8.,  as,  for  example,  in  Tierca  del  Fu^go,  as  well  as  b  the 
woody  region  immediately  north  of  the  Straits  of  Magellan,  and  in  the 
Falkland  Islfmds,  no  repUles  of  any  kind  are  met  with,  not  even  a  snake, 
lizard,  or  irog ;  but  in  these  same  countries  we  find  the  gnanaco  (aldnd 
of  Uama),  a  deer,  the  puma,  a  large  speoies  of  fox,  many  small  rodeotia» 
besides  the  seal  and  otter,  together  ^rith  the  porpoise,  whale,  and  other 
cetaceaw 

On  what  grand  laws  in  the  animal  physiology  these  remarkable  phe- 
nomena depend,  cannot  in  the  present  state  ;f  science  be  conjectured ; 
nor  could  we  predict  whether  any  opposite  condition  of  the  atmosphere, 
in  respect  to.  heat,  moisture,  and  other  circumstances,  would  bring  about 
a  state  of  animal  life  which  might  be  called  the  converse  of  that  above 
deacribed,  namely,  a  state  in.  which  reptiles'  of  every  sixe  and  order 
might  abound,  and  mammalia  disappear. 

The  nearest  approximation  to  such  a  fauna  is  found  in  the  Galapagos 
Archipelago.  These  islands,  situated  under  the  equator,  and  nearly 
600  miles  west  of  the  coast  of  Pern,  have  been  called  ''  the  land  of  rep- 
tiles," so  gceat  is  the  number  of  snakes,  laige  tortoises,  and  lizards, 
which  they  support.  Among  the  lizards,  the  first  living  species  proper 
to  the  ocean  has  been  discovered.  Tet,  although  some  of  these  islands 
are  from  8000  to  4000  feet  high,  and  one  of  them  75  miles  long,  they 
ctmtain,  with  the  exception  of  one  small  mouse,  no  indigenous  mammi- 
fer.  Even  here,  however,  it  is  true  that  in  the  neighboring  sea  mere 
are  seals,  and  several  kinds  of  cetacea.* 

It  may  be  unreasonable  to  look  for  a  nearer  analogy  between  the 
£Mma  now  existmg  in  any  part  of  the  globe,  and  that  which  we  can 
show  to  have  prevailed  when  our  secondary  strata  were  deposited,  be- 
cause we  must  always  recollect  that  a  climate  like  that  now  experienced 
at  the  equator,  coexbting  with  the  unequal  days  and  nights  of  Euro- 
pean latitudes,  was  a  state  of  things  to  which  there  is  now  no  counter* 
part  on  the  globe.  Consequently,  the  type  <^  animal  and  v^table 
existence  required  for  such  a  climate  might  be  expected  to  deviate 
almost  as  widely  from  that  now  established,  as  do  the  flora  and  fauna 
of  our  tropical  di&r  from  those  of  our  arctic  regions.  ^ 

In  the  Tertiary  strata, — ^The  tertiary  formations  were  deposited  when 
the  physical  geography  of  the  northern  hemisphere  had  been  entirely 
altered.  Large  inland  lakes  had  become  numerous,  as  in  oentral  France 
and  other  countries.  There  were  gulfs  of  the  sea,  into  which  consider- 
able rivers  emptied  themselves,  and  where  strata  like  those  of  the  Paris 
basin  were  accumulated.    There  were  also  formations  in  progress,  in 

*  Darwin's  Joomal,  chap  19.    Lyell's  Manual  of  OeoL  chap.  21,  p^  279. 
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shallow  seas  not  far  from  shore,  such  as  are  mdicated  by  portions  of  the 
Jfaluna  of  the  Loire,  and  the  English  (7ra^. 

The  proximity,  therefore,  of  large  tracts  of  dry  land  to  the  seas  and 
lakes  then  existing,  may,  in  a  great  measure,  explain  why  the  remains 
of  land  animals,  so  rare  in  the  older  strata,  are  not  uncommon  in  these 
more  modem  deposits.  Yet  even  these  have  sometimes  proved  en- 
tirely destitute  of  mammiferous  relics  for  years  after  they  had  become 
celebrated  for  the  abundance  of  their  fossil  testacea,  fish,  and  reptiles. 
Thus  the  calcaire  grossier,  a  marine  limestone  of  the  district  round  Paris, 
had  afforded  to  collectors  more  than  1100  species  of  shells,  beddes 
many  zoophytes,  echinodermata,  and  the  teeth  of  fish,  before  the  bones 
of  one  or  two  land  quadrupeds  were  met  with  in  the  same  rock.  The 
strata  called  London  and  Plastic  clay  in  England  have  been  studied  for 
more  than  half  a  centuiy,  and  about  400  species  of  shells,  50  or  more 
of  fish^  besides  several  kinds  of  chelonian  and  saurian  reptiles,  were 
known  before  a  single  mammifer  was  detected.  At  length,  in  the  year 
1839,  there  were  found  in  this  formation  the  remains  of  a  monkey,  an 
opossum,  a  bat,*  and  a  species  of  the  extinct  genus  Hyracotherium, 
allied  to  the  Peccaiy  or  hog  tribe. 

If  we  examine  the  strata  above  the  London  clay  in  England,  we  first 
meet  with  mammiferous  remains  in  the  Isle  of  Wight,  in  beds  also  be- 
longing to  the  Eocene  epoch,  such  as  the  remains  of  the  Palaeotherium, 
Anoplotherium,  and  other  extinct  quadrupeds,  agreeing  very  closely 
with  those  first  found  by  Cuvier,  near  Paris,  in  strata  of  the  same  age, 
and  of  similar  freshwater  origin. 

In  France  we  meet  with  another  fauna,  both  conchological  and  mam- 
malian in  the  Miocene  "faluns"  of  the  Loire;  above  which  in  the 
ascending  series  in  Great  Britain  we  arrive  at  the  coralline  crag  of  Suf- 
folk, a  marine  formation  which  has  yielded  three  or  four  hundred  species 
of  shells,  very  different  from  the  Eocene  testacea,  and  of  which  a  large 
proportion,  although  a  minority  of  the  whole  number,  are  recent,  be- 
sides many  corals,  echini,  foraminifera,  and  fish,  but  as  yet  no  relic  de- 
cidedly mammalian  except  the  ear-bone  of  a  whale. 

In  the  shelly  sand,  provincially  termed  "Red  Crag,"  in  Suffolk, 
which  immediately  succeeds  the  coralline,  constituting  a  newer  member 
of  the  same  tertiary  group,  about  250  species  of  shells  have  been  rec- 
ognized, of  which  a  still  larger  proportion  are  recent.  They  are  as- 
sociated with  numerous  teeth  of  fish  ;  but  no  signs  of  a  warm-blooded 
quadruped  had  been  detected  until  1839,  when  the  teeth  of  a  leopard, 
a  bear,  a  hog,  and  a  species  of  ruminant,  were  found  at  Newbourn,  in 
Suffolk,  and  since  that  time,  several  other  genera  of  mammalia  have 
been  met  with  in  the  same  formation,  or  in  the  Red  Crag.f 

Of  a  still  newer  date  is  the  Norwich  Crag,  a  fluvio  marine  deposit  of 
the  Plciocene  epoch,  containing  a  mixture  of  marine,  fluviatile,  and  land 

•  Taylor's  Annals  of  Nat  Hist  Not.  1889. 

f  See  notice  by  the  Author,  and  Professor  Owen,  TavWs  Annals  of  Nat  Hist 
Nov.  1880. 
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shells,  of  which  90  per  cent,  or  more  are  recent.  These  beds,  since  the 
time  of  their  first  investigation,  have  yielded  a  supply  of  mammalian 
bones  of  the  genera  mastodon,  elephant,  rhinoceros,  pig,  horse,  deer,  oz, 
and  others,  the  bodies  of  which  may  have  been  washed  down  into  the 
sea  by  rivers  draining  land,  of  which  the  contiguity  is  indicated  by  the 
occasicmal  presence  of  terrestrial  and  freshwater  shdls. 

Our  acquaintance  with  the  newer  Pleiocene  mammalia  m  Europe, 
South  America,  and  Australia,  is  derived  chiefly  from  cavern  deposits,  a 
iact  which  we  ought  never  to  foi^t  if  we  desire  to  appreciate  the  supe- 
rior facilities  we  enjoy  for  studying  the  more  modem  as  compared  to  the 
more  ancient  terrestrial  faunas.  We  know  nothing  of  the  fossil  bones 
which  must  have  been  inclosed  in  the  stalagmite  of  caverns  in  the  older 
Pleiocene,  or  in  the  Miocene  or  £ocene  epochs,  much  less  can  we  derive 
any  information  respecting  the  inhabitants  of  the  land  from  a  similar 
source,  when  we  carry  back  our  inquiries  to  the  Wealden  or  carboniferous 
epochs.  We  are  as  well  assured  that  land  and  rivers  then  existed,  as  that 
they  exist  now ;  but  it  is  evident  that  even  a  slight  geographical  revolution,' 
accompanied  by  the  submergence  and  denudation  of  land,  would  reduce 
to  an  extreme  improbability  the  chance  of  our  hitting  on  those  minute 
pdnts  of  space  where  caves  may  once  have  occurred  in  limestone  rocks. 

JFagsil  quadrumana, — ^IJntil  within  a  few  years  (1830,  1837)»  not  a 
single  bone  of  any  quadrumanous  animal,  such  as  the  orang,  ape,  baboon, 
and  monkey,  had  been  discovered  in  a  fossil  state,  although  so  much 
progress  had  been  made  in  bringing  to  light  the  extinct  mammalia  of 
successive  tertiary  eras,  both  carnivorous  and  herbivorous.  The  total 
absence  of  these  anthropomorphous  tribes  among  the  records  of  a  former 
world,  had  led  some  to  believe  that  the  type  of  organization  most  nearly 
resembling  the  hmnan,  came  so  hite  in  the  order  of  creation,  as  to  be 
scarcely,  if  at  all,  anterior  to  that  of  man.  That  such  generalizations 
were  premature,  I  endeavored  to  point  out  in  the  first  edition  of  this 
woik,*  in  which  I.  stated  tiiat  the  bones  of  quadrupeds  hitherto  met  with 
in  tertiary  deposits  were  chiefly  those  which  frequent  marshes,  rivers,  or 
the  borders  of  lakes,  as  the  elephant,  rhinoceros,  hippopotamus,  tapir, 
hog,  deer,  and  ox,  while  species  which  Uve  in  trees  are  extremely  rare  in 
a  fossil  state.  I  also  hinted,  that  we  had  as  yet  no  data  for  determining 
how  great  a  number  of  the  one  kind  we  ought  to  find,  before  we  have 
a  right  to  expect  a  single  individual  of  the  other.  Lastly,  I  observed 
that  the  climate  of  the  more  modem  (or  Post-Eocene)  tertiary  periods 
in  England  was  not  tropical,  and  that  m  regard  to  the  London  clay,  of 
which  the  crocodiles,  turtles,  and  fossil  fruits  implied  a  climate  hot  enough 
for  the  quadramana,  we  had  as  yet  made  too  Uttle  progress  in  ascertain- 
ing  what  were  the  Eocene  pachydermata  of  England,  to  entitle  us  to  ex- 
pect to  have  discovered  any  quadrumana  of  the  same  date. 

Since  those  remarks  were  first  written,  in  1829,  a  great  number  ci 
extinct  species  have  been  added  to  our  collections  of  tertiary  mammalia 

*  See  Principlee  of  Geology,  let  ed.  1S80,  voL  L  p.  168. 
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from  Great  Britain  and  other  parts  of  the  world.  At  length,  between 
the  years  1836  and  1830,  a  few  remains  of  quadrumana  were  found  in 
France  and  England,  India  and  Brazil.  Those  of  India,  belonging  to 
more  than  one  exUnot  species  of  monkey,  were  first  discovered  near  the 
Sntlej,  in  lat  30°  N.,  in  tertiary  strata,  of  which  the  age  is  not  yet  de- 
termined ;  the  Bradlian  fossil,  brought  from  the  basin  of  the  Rio  das 
Yelhas,  about  lat  18^  S„  is  referable  to  a  form  now  peculiar  in  America, 
allied  to  the  genus  Callithiiz,  the  species  being  extinct.  The  skull  and 
other  bones  met  with  in  the  South  of  France  belong  to  a  gibbon,  or  one 
of  the  tailless  apes,  which  stand  next  in  the  scale  of  organization  to  the 
orang.  It  occurred  at  Sansan,  about  forty  mUes  west  of  Toulouse,  in 
lat.  43.°  40'  N.,  in  freshwater  strata,  probably  of  the  Miocene  or  middle 
tertiary  period.  Lastly,  the  English  quadrumane  first  met  with,  occurred 
in  a  more  ancient  skatum  than  the  rest,  and  at  a  point  more  remote 
from  the  equator.  It  belongs  to  the  genus  Macacus,  is  an  extinct  species, 
and  was  found  in  Suffolk,  in  lat.  62°,*  in  the  London  clay,  the  fossils  of 
which,  such  as  crocodiles,  turtles,  shells  of  the  genus  Nautilus,  and  many 
curious  fruits,  had  already  led  geologists  to  the  conclusion  that  ihe 
climate  of  that  era  (the  Eocene)  was  warm  and  nearly  tropical. 

Some  years  later  (in  1846)  the  jaw  of  another  British  species  of  fos- 
sil monkey,  Macacus  pliocenus,  was  announced  by  Mr.  Owen  as  having 
been  met  with  in  the  newer  Pleiqcene  strata,  on  the  banks  of  the 
Thames,  at  Grays,  in  Essex,  accompanying  the  remains  of  hippopotamus, 
elephant,  and  other  quadrupeds,  and  associated  with  freshwater  and 
land  shells,  most  of  which  are  now  inhabitants  of  the  British  Isles.f 

When  we  consider  the  small  area  of  the  earth's  surface  hitherto  ex- 
plored geologically,  and  the  new  discoveries  brought  to  light  daily, 
even  in  the  environs  of  great  European  capitals,  we  must  feel  that 
it  would  be  rash  to  assume  that  the  Lower  Eocene  deposits  mark  the 
era  of  the  first  creation  of  quadmmana.    It  would,  however,  be  stall 

*  The  first  quadrumanoofl  fossils  discoyered  in  India  were  obeenred  in  1886  in  the 
Sewalik  Hills,  a  lower  range  of  the  Himalayan  Mountains,  bj  Lieutenants  Baker 
and  Durond,  by  whom  their  osteological  characters  were  determined  (Jouro.  of 
Asiat  Soa  of  Bengal,  vol  v.  p  789),  and  in  the  year  following,  other  fossils  of  tlie 
same  class  were  brought  to  liffht  and  described  by  Oapt  Cautley  and  Dr.  Falconer. 
These  were  imbedded,  like  the  former,  in  tertiary  strata  of  conglomerate,  sand, 
marl,  and  day,  in  the  Sub-Himalayan  Mountains.  (Ibid.  voL  y.  p  879.  Koy. 
1886 ;  and  yol.  yl  p.  854.    May,  1837.) 

The  Brazilian  quadrumane  was  found,  with  a  great  many  other  extinct  species 
of  animals,  by  a  Danish  naturalist,  Dr.  Lund,  between  the  riyers  Franclsoo  and 
Velhas,  in  1887. 

The  gibbon  of  the  South  of  France  was  found  by  M.  Lartet  in  the  beginning  of 
1887,  and  determined  by  M.  de  Blainville.  It  occurred  near  Auch,  in  the  depart- 
ment of  Gens  about  forty  miles  west  of  Toulouse,  in  freshwater  marl,  iimestoDe, 
and  sand*  Thev  were  acoompanied  by  the  remains  of  the  mastodon,  dinotherittm, 
palnotherium,  rhinoceros,  gigantic  sloth,  and  other  extinct  quadrupeds.  (Bulletin 
de  la  Soc  Gool  de  France,  tom.  yiii.  p.  92.) 

The  British  quadrumane  was  discovered  in  1889,  by  Messrs.  WiDiam  Oolcheeter 
and  Searles  Wood,  at  Kysoo,  near  Woodbridge,  in  Suffolk,  and  was  referred  by  Pro* 
fessor  Owen  to  the  genus  Macacus.  (Mag.  of  Nat  Hist  Sept  1889.  Taylor, 
Annals  of  Nat  Hist  Na  xxiil  Noy.  1889.) 

t  Owen's  IntiQdaetioa  to  British  Fossil  Mammale,  p  46w 
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more  unphiloeophical  to  infer,  as  some  ^riterB  have  *.V>ne,  from  a  smgle 
extinct  species  of  this  family  obtained  in  a  latitude  fa*  from  the  tropics, 
that  the  Eocene  qnadnunana  did  not  attain  as  high  a  ^«Tade  of  organisa- 
tion as  they  do  in  onr  own  times.  What  would  the  ntituraHst  know  of 
the  apes  and  orangs  now  contemporary  with  man,  if  our  investigations 
were  restricted  to  such  northern  latitudes  as  those  where  alone  the  geol- 
ogist has  hitherto  found  all  the  fossil  quadrumana  of  Europe  ? 

Ceiaeea. — ^The  absence  of  Cetacea  from  rocks  older  than  the  Eocene 
has  been  frequently  adduced  as  lending  countenance  to  the  theory  of 
the  very  late  appearance  of  the  highest  class  of  Yertebrata  on  the 
earth.  Professor  Sedgwick  possesses  in  the  Cambridge  Museum  a  mass 
%i  anchylosed  cervical  vertebrs  cf  a  whale,  which  he  found  in  drift 
Jay  near  Ely,  and  which  he  has  no  doubt  was  washed  out  of  the  Kim- 
meridge  clay,  an  upper  member  of  the  Oolite.  According  to  Professor 
Owen,  it  exhibits  well-marked  specific  characters,  distingubhing  it  from 
all  other  known  recent  or  fossil  cetacea.  Dr.  Leidy,  of  Philadelphia, 
has  lately  described  (1851)  two  species  of  cetacea  of  a  new  genus, 
which  he  has  called  Priscodelphinus  from  the  green  sand  of  New  Jer- 
sey, which  corresponds  in  age  with  the  English  Chalk  or  the  cretaceous 
strata  above  the  gault.  The  specimens  consist  of  dorsal  and  cervical 
vertebrae.*  Even  m  the  Eocene  strata  of  Europe,  the  discovery  of 
cetaceans  has  never  kept  pace  with  that  of  land  quadrupeds.  The  only 
instance  cited  m  Great  Britain  is  a  species  of  Monodon,  from  the  Lon- 
don clay,  of  doubtful  authenticity  as  to  its  geological  position.  On  the 
other  hand,  the  gigantic  Zeuglodon  of  North  America  occurs  abundantly 
in  the  Middle  Eocene  strata  of  Georgia  and  Alabama,  from  which  as 
yet  no  bones  of  land  quadrupeds  have  been  obtained. 

In  the  present  imperfect  state  then  of  our  information,  we  can  scarcely 
say  more  than  that  the  cetacea  seem  to  have  been  scarce  in  the  secondary 
and  primary  periods.  It  is  quite  conceivable  that  when  aquatic  saurians, 
*8ome  of  them  carnivorous,  like  the  Ichthyosaurus,  were  swarming  in  the 
sea,  and  when  there  were  large  herbivorous  reptiles,  like  the  Iguanodon, 
on  the  land,  the  class  of  reptiles  may,  to  a  certain  extent,  have  super- 
seded the  cetacea,  and  discharged  their  functions  in  the  animal  economy. 

That  mammalia  had  been  created  long  before  the  epoch  of  the  Eim- 
meridge  clay,  is  shown  by  the  Microlestes  of  the  Trias  before  alluded 
to,  and  by  the  Stonesfield  quadrupeds  from  the  Inferior  Oolite.  And 
we  are  bound  to  remember,  whenever  .we  infer  the  poverty  of  the  flora 
or  fauna  of  any  given  period  of  the  past,  from  the  small  number  of  fos- 
sils occurring  in  ancient  rocks,  that  it  has  been  evidently  no  part  of  the 
plan  of  Nature  to  hand  down  to  us  a  complete  or  systematic  record  of 
the  former  history  of  the  animate  world.  We  may  have  failed  to  dis- 
cover a  single  shell,  marine  or  freshwater,  or  a  single  coral  or  bone  in* 
certain  sandstones,  such  as  that  of  the  valley  of  the  Connecticut,  where 
the  footprints  of  bipeds  and  quadrupeds  abound ;  but  such  failure  may 

•  Proceedings  of  Acad  Kat.  Scl  Philad  Dec.  9, 1861. 
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have  arisen,  not  because  the  population  of  the  land  or  sea  was  ieantjafc 
that  era,  bat  because  in  general  the  preservatioii  of  any  relies  of  the 
animals:  or  plants  of  former  times  is  tiie  exception  to  a  general  rule. 
Time  so  enormous  as  that  contemplated  by  the  geologist  naj  midl^ly 
exceptional  cases  till  they  seem  to  constitute  the  rule,  and  so  irapoee  on 
the  ima^natioa  as  to  lead  us  to  infer  the  non-existence  of  creatures  of 
which  no  monuments  happen  to  remain.  Professor  Forbes  has-  re* 
marked,  that  few  geologists  are  aware  how  large  a*  proportion  of  all 
known  species  of  fossils  are  founded  on  single  spedmens,  while  a  stfll 
greater  number  are  founded  on  a  few  individuals  diseovered  in  one  spot. 
Thb  hoMs  true  not  only  in  regard  to  animals  and  plants  inhabiting  the 
land,  the  lake,  and  the  river,  but  even  to  a  surprising  number  of  the 
marine  moUusca,  articulata,.and  radiata.  Our  knowledge,  therefore,  of 
the  living  creation  of  any  given  period  of  the  past  may  be  said  to  de- 
pend in  a  great  d^ree  on  what  we  commonly  call  chance,  and  the  cas- 
ual discovery  of  some  new  localities  rich  in  peculiar  fossils  may  modify 
or  entirely  overthrow  all  our  previous  generaMaitions. 

Upon  the  whole  then  we  derive  this  result  from  a  general  review  of 
the  fossils  of  the  successive  tertiary  strata,  namely,  that  since  the  Eocene 
period,  there  have  been  several  great  changes  in  the  land  quadrupeda 
inhabiting  Europe,  probably  not  less  than  five  complete  revolutions, 
during  which  there  has  been  no  step  whatever  made  in  advance,  no  ele- 
vation in  the  scale  of  being ;  so  that  had  man  been  created  at  the  com- 
mencement of  the  Eocene  era,  he  would  not  have  constituted  a  greater 
innovation  on  the  state  of  the  animal  creation  previously  established  than 
now,  when  we  believe  iiim  to  have  begun  to  exist  at  the  close  of  the 
Pleiocene.  The  views,  therefore,  which  I  proposed  in  the  first  edition 
of  this  work,  January,  1830,  in  opposition  to  the  theoiy  of  prc^rresave 
development,  do  not  seem  to  me  to  require  material  modifioaUon,  not- 
withstanding the  large  additions  since  made  to  our  knowledge  of  fossil 
remains.  * 

These  views  may  be  thus  briefly  stated.  From  the  earliest  period  at 
which  plants  and  animals  can  be  proved  to  have  existed,  there  has  been 
a  continual  change  going  on  in  the  position  of  land  and  sea,  accompanied 
by  great  fluctuations  of  climate.  To  these  ever-varying  geographical 
and  climatal  conditions  the  state  of  the  animate  world  has  been  un- 
ceasingly adapted.  No  saUsfoctory  proof  has  yet  been  discovered  of 
the  gradual  passage  of  the  earth  from  a  chaotic  to  a  mori;  habitable 
state,  nor  of  any  law  of  progressive  development  governing  the  extinc- 
tion and  renovation  of  species,  and  causing  the  fauna  and  flora  to  pass 
from  an  embryonic  to  a  more  perfect  condition,  from  a  simple  to  a  more 
complex  organization. 

The  principle  of  adaptation  to  which  I  have  alluded,  appears  to  have 
been  analogous  to  that  which  now  peoples  the  arctic,  temperate,  and 
tropical  regions  contemporaneously  with  distinct  assemblages  of  species 
and  genera,  or  which,  independently,  of  mere  temperature,  gives  rise  to 
a  predominance  of  the  marsupial  or  didelphous  tribe  of  quadrupeds  in 
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Australia,  of  tke  placeBtal  or  monodelphoos  tribe  in  Asia  and  Europe^ 
or  which  causes  a  profusion  of  reptiles  without  mammalia  in  the  Oala* 
pagos  Archipelago,  and  of  mammalia  without  reptiles  in  Greenland. 

Recent  origin  offnan.-^Ky  then,  the  popular  theory  of  the  successiTd 
development  of  the  animal  and  vegetable  world,  from  the  simplest  to 
the  most  perfect  forms,  rests  on  a  very  insecure  foundation;  it  may 
be  asked,  whether  the  recent  origin  of  man  lends  any  support  to  the 
same  doctrine,  or  how  far  the  influence  of  man  may  be  considered  as 
soeh  a  deviation  from  the  analogy  of  the  order  of  things  previously  es- 
tablished^ as  to  wedcen  our  confidence  in  the  uniformity  of  the  course 
of  nature. 

Antecedently  to  mvestigation,  we  might  reasonably  have  anticipated 
that  the  vest^es  of  man  would  have  been  traced  back  at  least  as  far  as 
those  modem  strata  in  which  all  the  testacea  and  a  certain  number  of 
the  mammalia  are  of  existing  species,  for  of  all  the  mammalia  the  hu- 
man species  is  the  most  cosmopolite,  and  perhaps  more  capable  than 
any  other  of  surviving  considerable  vicissitudes  in  climate,  and  in  the 
physical  geography  of  the  globe. 

•  No  inhabitant  of  the  land  exposes  himself  to  so  many  dangers  on  the 
waters  as  man,  whether  m  a  savage  or  a  civilized  state  ;*  and  there  is 
no  animal,  therefore,  whose  skeleton  is  so  liable  to  become  imbedded  in 
lacustrine  or  submarine  deposits ;  nor  can  it  be  said  that  bis  remains 
are  more  perishable  than  those  of  other  animals ;  for  in  ancient  fields 
of  battle,  as  Cuvier  has  observed,  the  bones  of  men  have  sufifered 
as  little  decomposition  as  those  of  horses  which  were  buried  in  the 
same  grave.f  But  even  if  the  more  solid  parts  of  our  species  had  dis- 
appeared, the  impression  of  their  form  would  have  remained  engraven 
on  the  rocks,  as  have  the-  traces  of  the  tenderest  leaves  of  plants,  and 
the  soft  integuments  of  many  animals.  Works  of  art,  moreover,  com- 
posed of  the  most  indestructible  materials,  would  have  outlasted  al- 
most all  the  organic  contents  of  sedimentary  rocks.  Edifices,  and  even 
entire  cities,  have,  within  the  times  of  hbtory,  been  buried  nnder  vol- 
canic ejections,  submerged  beneath  the  sea,  or  engulfed  by  earthquakes ; 
and  had  these  catastrophes  been  repeated  throughout  an  indefinite 
lapse  of  ages,  the  high  antiquity  of  man  would  have  been  inscribed  in 
far  more  l^ble  characters  on  the  framework  of  the  globe  than  are  the 
forms  of  the  ancient  vegetation  which  once  covered  the  islands  of  the 
northern  ocean,  or  of  those  gigantic  reptiles  which  at  s^l  later  periods 
peopled  the  seas  and  rivers  of  the  northern  hemisphere.^ 

Dr.  Prichard  has  argued  that  the  hunum  race  have  not  always  ex- 
isted on  the  surface  of  the  earth,  because  **  the  strata  of  which  our  con- 
tinents are  composed  were  once  a  part  of  the  ocean's  bed" — **  mankind 
had  a  beginning,  since  we  can  look  back  to  the  period  when  the  surface 
on  which  they  lived  began  to  exist."§    This  proof,  however,  is  insuffi* 

•8eedi.48.  4  Ibid.  f  IbidL 

g  Fhya.  Hist  of  Mankind,  vol  it  p.  594. 
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cient,  for  many  thousands  of  human  beings  now  dwell  in  various  quar< 
ters  of  the  globe  where  marine  species  lived  within  the  times  of  history, 
and,  on  the  other  hand,  the  sea  now  prevails  permanently  over  large 
districts  once  inhabited  by  thousands  of  human  beings.  Nor  can  this 
interchange  of  sea  and  land  ever  cease  while  the  present  causes  are  in 
ezbtence.  Terrestrial  species,  therefore,  might  be  older  than  the  con- 
tinents which  they  inhabit,  and  aquatic  species  of  higher  antiquity  than 
the  lakes  and  seas  which  they  now  people. 

But  so  far  as  our  interpretation  of  physical  movements  has  yet  gone, 
we  have  every  reason  to  infer  that  the  human  race  is  extremely  mod- 
em, even  when  compared  to  the  larger  number  of  species  now  our  con- 
temporaries on  the  earth,  and  we  may,  therefore,  ask  whether  his  crear 
tion  can  be  considered  as  one  step  m  a  supposed  progressive  system,  by 
which  the  organic  world  has  advanced  slowly  from  a  more  simple  to  a 
more  complex  and  perfect  state  ?  If  we  concede,  for  a  moment,  the 
truth  of  the  proposition,  that  the  sponge,  the  cephalopod,  the  fish,  the 
reptile,  the  buxl,  and  the  mammifer;  have  followed  each  other  in  reg- 
ular chronological  order,  the  creation  of  each  class  being  separated  from 
the  other  by  vast  intervals  of  time,  should  we  be  able  to  recognize,  in 
man's  entrance  upon  the  earth,  the  last  term  of  one  and  the  same  series 
of  progressive  developments  ? 

In  reply  to  this  question  it  should  first  be  observed,  that  the  superi- 
ority of  man  depends  not  on  those  faculties  and  attributes  which  he 
shares  in  common  with  the  inferior  animals,  but  on  his  reason,  by  which 
he  is  distinguished  from  them.  When  it  is  said  that  the  human  race 
is  of  far  higher  dignity  than  were  any  pre-existing  beings  on  the  earth, 
it  is  the  intellectual  and  moral  attributes  of  our  race,  rather  than  the 
physical,  which  are  considered ;  and  it  is  by  no  means  clear  that  the 
organization  of  man  is  such  as  would  confer  a  decided  pre-eminence 
upon  him,  if,  in  place  of  his  reasoning  powers,  he  was  merely  provided 
with  such  instincts  aa  are  possessed  by  the  lower  animals. 

If  this  be  admitted,  it  would  not  follow,  even  if  there  were  sufficient 
geological  evidence  in  favor  of  the  theory  of  progresdve  development, 
that  the  creation  of  man  was  the  last  link  in  the  same  chain.  For  the 
sudden  passage  from  an  irrational  to  a  rational  animal,  is  a  phenome- 
non of  a  distinct  kind  from  the  passage  from  the  more  simple  to  the 
more  perfect  forms  of  animal  organization  and  instinct.  To  pretend 
that  such  a  step,  or  rather  leap,  can  be  part  of  a  regular  series  ol 
changes  in  the  animal  world,  is  to  strain  analogy  beyond  all  reasonable 
bounds. 

Introduction  of  man,  to  what  extent  a  change  in  the  system, — But 
setting  aside  the  question  of  progressive  development,  another  and  a 
far  more  difficult  one  may  arise  out  of  the  admission  that  man  is  com- 
paratively of  modem  origin.  Is  not  the  interference  of  the  human  spe- 
cies, it  may  be  asked,  such  a  deviation  from  the  antecedent  course  oi 
physical  events,  that  the  knowledge  of  such  a  fact  tends  to  destroy  aU 
our  confidience  m  the  uniformity  of  the  order  of  nature,  both  in  regard 
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to  time  past  and  fiitare  ?  If  such  fm  innovation  could  take  place  after 
the  earth  had  been  esclusivelj  inhabited  for  thousands  of  ages  by  infe- 
rior animals,  why  should  not  other  changes  as  extraordinary  and  unpre- 
cedented happen  from  time  to  time  ?  If  one  new  cause  was  permitted 
to  supervene,  differing  in  kind  and  energy  from  any  before  m  operation, 
why  may  not  others  have  come  into  action  at  different  epochs  ?  Or 
what  security  have  we  that  they  may  not  arise  hereafter  ?  And  if  such 
be  the  case,  how  can  the  experience  of  one  period,  even  though  we  are 
acquainted  with  all  the  possible  effects  of  the  then  existing  causes,  be  a 
standard  to  which  we  can  refer  all  natural  phenomena  of  other  periods  ? 
Now  these  objections  would  be  unanswerable,  if  udduced  against  one 
who  was  contending  for  the  absolute  uniformity  throughout  all  time  of 
the  succession  of  sublunary  events — ^if,  for  example,  he  was  disposed  to 
indulge  in  the  philosophical  reveries  of  some  Egyptian  and  Greek  sects, 
who  represented  all  the  changes  both  of  the  moral  and  material  world 
as  repeated  at  distant  intervals^  so  as  to  follow  each  other  in  their  for- 
mer connection  of  place  and  time.  For  they  compared  the  course  of 
events  on  our  globe  to  astronomical  cycles ;  and  not  only  did  they  con- 
rider  all  sublunary  affairs  to  be  under  the  influence  of  the  celestial  bod- 
ies, but  they  taught  that  on  the  earth,  as  well  as  in  the  heavens,  the 
same  identical  phenomena  recurred  again  and  again  in  a  perpetual  vicis- 
situde. The  same  individual  men  were  doomed  to  be  re-bom,  and  to 
perform  the  same  actions  as  before ;  the  same  arts  were  to  be  invented, 
and  the  same  cities  built  and  destroyed.  The  Argonautic  expedition 
was  destined  to  sail  again  with  the  same  heroes,  and  Achilles  with  his 
Myrmidons  to  renew  the  combat  before  the  walls  of  Troy. 

Alter  erit  turn  Tipbys,  et  altera  qum  yehat  Argo 

Dilectos  heroas ;  erunt  etiam  altera  bella, 

Atque  iteram  ad  Trojam  magnus  mittetur  Achillea* 

The  geologist,  however,  may  condemn  these  tenets  as  absurd,  with- 
out running  into  the  opposite  extreme,  and  denying  that  the  order  of 
nature  has,  from  the  earliest  periods,  been  unifoiln  in  the  same  sense  in 
which  we  believe  it  to  be  unifonn  at  present,  and  expect  it  to  remain  so 
in  future.  We  have  no  reason  to  suppose,  that  when  man  first  became 
master  of  a  small  part  of  the  globe,  a  greater  change  took  place  in  its 
physical  condition  than  is  now  experienced  when  districts,  never  before 
inhabited,  become  successively  occupied  by  new  settlers.  When  a 
powerful  European  colony  lands  on  the  shores  of  Australia,  and  intro- 
duces at  once  those  arts  which  it  has  required  many  centuries  to  ma- 
ture ;  when  it  imports  a  multitude  of  plants  and  large  animals  from  the, 
opposite  extremity  of  the  earth,  and  begins  rapidly  to  extirpate  many  of 
the  indigenous  species,  a  mightier  revolution  is  effected  in  a  brief  period 
than  the  first  entrance  of  a  savage  horde,  or  their  continued  occupation 

♦  Virgil,  Eclog.  iv.  For  an  account  of  these  doctrines,  see  Dogald  Stewart's 
Elements  of  the  Philosophy  of  the  Human  Mind,  voL  ii.  chap,  il  sect  4,  and  Pricfa- 
ard's  Egypt.  MythoL  p.  117. 
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of  the  country  for  many  centuries,  can  possibly  be  imagined  to  havn 
produced.  If  there  be  no  impropriety  in  aiwumiog  that  the  system  is 
uniform  when  disturbances  so  unprecedented  occur  in  certain  localities, 
we  can  with  much  greater  confidence  apply  the  same  language  to  those 
primeval  ages  when  the  aggregate  number  and  power  of  the  human 
race,  or  the  rate  of  their  advancement  in  civilization,  must  be  supposed 
to  have  been  far  inferior.  In  reasoning  on  the  state  of  the  globe  imme- 
diately before  our  species  was  called  into  existence,  we  must  be  guided 
by  the  same  rules  of  induction  as  when  we  speculate  on  the  state  of 
America  in  the  interval  that  elapsed  between  the  introduction  of  man 
into  Asia,  the  supposed  cradle  of  our  race,  and  the  arrival  of  the  first 
adventurers  on  the  shores  of  the  "New  World.  In  that  interval,  we  im- 
agine the  state  of  things  to  have  gone  on  according  tq  the  order  now 
observed  in  regions  unoccupied  by  man.  Even  now,  the  waters  of 
lakes,  seas,  and  the  great  ocean,  which  teem  with  life,  may  be  said  to 
have  no  immediate  relation  to  Uie  human  race — to  be  portions  of  the 
terrestrial  system  of  which  man  has  never  taken,  nor  ever  can  take  pos- 
session ;  so  that  the  greater  part  of  the  inhabited  surface  of  the  planet 
may  still  remain  as  insensible  to  our  presence  as  before  any  isle  or  con- 
tinent was  appointed  to  be  our  residence. 

If  the  barren  soil  around  Sydney  had  at  once  become  fertile  upon  the 
landing  of  our  first  settlers ;  if,  like  the  happy  isles  whereof  the  poets 
have  given  such  glowing  descriptions,  those  sandy  tracts  had  begun  to 
yield  spontaneously  an  annual  supply  of  grain,  we  might  then,  indeed, 
have  fancied  alterations  still  more  remarkable  in  the  economy  of  nature 
to  have  attended  the  first  coming  of  our  species  into  the  planet.  Or  it 
when  a  volcanic  island  like  Ischia  was,  for  the  first  time,  brought  under 
.  cultivation  by  the  enterprise  and  industry  of  a  Greek  colony,  the  inter- 
nal fire  had  become  dormant,  and  the  earthquake  had  remitted  its  de- 
structive violence,  there  would  then  have  been  some  ground  for  specu- 
lating on  the  debilitation  of  the  subterranean  forces,  when  the  earth  was 
first  placed  under  the  dominion  of  man.  But  after  a  long  interval  of 
rest,  the  volcano  bursts  forth  again  with  renewed  energy,  annihilates 
one  half  of  the  inhabitants,  and  compels  the  renuiinder  to  emigrate. 
The  course  of  nature  remains  evidently  unchanged;  and,  in  like  manner, 
we  may  suppose  the  general  condition  of  the  globe,  immediately  before 
and  after  the  period  when  our  species  first  began  to  exist,  to  have  been 
the  same,  with  the  exception  only  of  man's  presence. 

The  modifications  in  the  system  of  which  man  is  the  instrument  do 
not,  perhaps,  constitute  so  great  a  deviation  from  previous-  analogy  as 
we  usually  imagine ;  we  often,  for  example,  form  an  exaggerated  esti- 
mate of  the  extent  of  our  power  in  extirpating  some  of  the  inferior  ani- 
mals, and  causing  others  to  multiply  ;  a  power  which  is  cu-cumscribed 
within  certain  limits,  and  which,  in  all  likeUbood,  is  by  no  means  exclu« 
sively  exerted  by  our  species.*    The  growth  of  human  population  can* 

*  See  ch.  41. 
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not  take  place  without  diminisbing  the  numbers,  or  causing  the  entire 
destmction,  of  numj  animab.  The  larger  beasts  of  prey,  in  particular, 
give  way  before  us ;  but  other  quadrupeds  of  smaller  si^e,  and  innumer* 
d>le  birds,  insects,  and  plants,  which  are  inimical  to  our  interests,  m* 
crease  in  spite  of  us,  spme  attacking  our  food,  others  our  raiment  and 
persons,  and  others  interfering  with  our  agricultural  and  horticultural 
kbors.  We  behold  the  rich  harvest  which  we  have  raised  by  the  sweat 
of  our  brow,  devoured  by  mrriads  of  insects,  and  are  often  as  incapable 
of  arresting  their  depredations,  as  <^  staying  the  fahock  of  an  earthquake, 
or  the  course  of  a  stream  of  lava. 

A  great  philosopher  has  observed,  that  we  can  command  nature  only 
by  obeying  her  laws ;  and  this  principle  is  true  even  in  regard  to  the 
astonishing  changes  which  are  superinduced  in  the  quahties  of  certain 
animals  and  plants  by  domestication  and  garden  culture.  I  shall  point 
9nt  in  the  tliird  book  that  we  can  only  effect  such  surprising  alterations 
6y  assisting  the  development  of  certain  instincts,  or  by  availing  ourselves 
of  that  mysterious  law  of  their  organization,  by  which  mdividual  pecu- 
liarities are  transmissible  from  one  generation  to  another.* 

It  is  probable  from  these  and  many  other  considerations,  that  as  we 
enlarge  our  knowledge  of  the  system,  we  shall  become  more  and  more 
convinced,  that  the  alterations  caused  by  the. interference  of  man  devi- 
ate far  less  from  the  analogy  of  those  effected  by  other  animals  than  is 
usually  supposed.f  We  are  often  misled,  when  we  institute  such  com- 
puisons,  by  our  knowledge  of  the  wide  distinction  between  the  instincts 
of  animals  and  the  reasoning  power  of  man ;  and  we  are  apt  hastily  to 
infer,  that  the  effects  of  a  rational  and  irrational  species,  considered 
merely  as  physical  agents,  will  differ  almost  as  much  as  the  faculties  by 
which  their  actions  are  cUrected. 

It  is  not,  however,  intended  that  a  real  departure  from  the  antecedent 
course  of  physical  events  cannot  be  traced  in  the  introduction  of  man. 
If  that  latitude  of  action  which  enables  the  brutes  to  accommodate 
themselves  in  some  measure  to  accidental  circumstances  could  be  im- 
agined to  have  been  at  any  former  period  so  great,  that  the  operations 
of  instinct  were  as  much  diversified  as  are  those  of  human  reason,  it 
might,  perhaps,  be  contended,  that  the  agency  of  man  did  not  consti- 
tute an  anomalous  deviation  from  the  previously  established  order  of 
things.  It  might  then  have  been  said,  that  the  earth's  becoming  at  a 
particular  period  the  residence  of  human  beings,  was  an  era  in  the 
moral,  not  in  the  physical  world — that  our  study  and  contemplation 
of  the  earth,  and  the  laws  which  govern  its  animate  productions,  ought 
no  more  to  be  considered  in  the  light  of  a  disturbance  or  deviation  from 
the  system,  than  the  discovery  of  the  satellites  of  Jupiter  should  be 
regarded  as  a  physical  event  affecting  those  heavenly  bodies.  Their 
influence  in  advancing  the  progress  of  science  among  men,  and  in  aid- 
ing  navigation  and  commerce,  was  accompanied  by  no  reciprocal  action 

•  See  eh.  80.  f  See  ch.  87, 88, 89, 41. 
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of  the  human  mind  upon  the  economy  of  nature  in  those  distant  planets ; 
and  so  the  earth  might  be  conceived  to  have  become,  at  a  certain  pe- 
riod, a  place  of  moral  discipline  and  intellectual  impi-ovement  to  man, 
without  the  slightest  derangement  of  a  previously  existing  order  of 
change  in  its  animate  and  inanimate  productions. 

The  distinctness,  however,  of  the  human  from  all  other  species,  con- 
sidered merely  as  an  efficient  cause  in  the  physical  world,  is  real ;  for 
we  stand  in  a  relation  to  contemporary  species  of  animals  and  plants 
widely  different  from  that  which  other  irrational  animals  can  ever  be 
supposed  to  have  held  to  each  other.  We  modify  their  instincts,  rel- 
ative numbers,  and  geographical  distribution,  in  a  manner  superior  in 
degree,  and  in  some  respects  very  different  in  kind  from  that  in  which 
any  other  species  can  affect  the  rest.  Besides,  the  progressive  move- 
ment of  each  successive  generation  of  men  causes  the  human  species 
to  differ  more  from  itself  in  power  at  two  distant  periods,  than  any 
one  species  of  the  higher  order  of  animals  differs  from  another.  The 
establishment,  therefore,  by  geological  evidence,  of  the  first  interven- 
tion of  such  a  peculiar  and  unprecedented  agency,  long  after  other  parts 
of  the  animate  and  inanimate  world  existed,  affords  ground  for  con- 
cludmg  that  the  experience  during  thousands  of  ages  of  all  the  events 
which  may  happen  on  this  globe,  would  not  enable  a  philosopher  to 
speculate  with  confidence  concerning  future  contingencies. 

If,  then,  an  intelligent  being,  after  observing  the  order  of  events 
for  an  indefinite  series  of  ages,  had  witnessed  at  last  so  wonderful  an 
innovation  as  this,  to  what  extent  would  his  belief  in  the  regularity  of 
the  system  be  weakened  ? — ^would  he  cease  to  assiune  that  there  was 
permanency  in  the  laws  of  nature? — ^would  he  no  longer  be  guided 
in  his  speculations  by  the  strictest  rules  of  induction  ?  To  these  ques- 
tions it  may  be  answered,  that»  had  he  previously  presumed  to  dog- 
matize respecting  the  absolute  uniformity  of  the  order  of  nature,  he 
would  undoubtedly  be  checked  by  witnessing  this  new  and  unexpected 
event,  and  would  form  a  more  just  estimate  of  the  limited  range  of  his 
own  knowledge,  and  the  unbounded  extent  of  the  scheme  of  the  uni- 
verse. But  he  would  soon  perceive  that  no  one  of  the  fixed  and  con- 
stant laws  of  the  animate  or  inanimate  world  was  subverted  by  hunum 
agency,  and  that  the  modifications  now  introduced  for  the  first  time 
were  the  accompaniments  of  new  and  extraordinary  circumstances, 
and  those  not  of  a  physical  but  a  tMral  nature.  The  deviation  per^ 
mitted  would  also  appear  to  be  ajs  slight  as  was  consistent  with  the 
accomplishment  of  the  new  moral  ends  proposed,  and  to  be  in  a  great 
degree  temporary  in  its  nature,  so  that,  whenever  the  power  of  the 
new  agent  was  withheld,  even  for  a  brief  period,  a  relapse  would  take 
place  to  the  ancient  state  of  things ;  the  domesticated  animal,  for  ex- 
ample, recovering  in  a  few  generations  its  wild  instinct,  and  the  garden- 
flower  and  fmit-tree  reverting  to  the  likeness  of  the  parent  stock. 

Now,  if  it  would  be  reasonable  to  draw  such  inferences  with  respect 
to  the  future,  we  <»nnot  but  apply  the  same  rules  of  induction  to  the 
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past.  We  have  no  right  to  anticipate  anj  modifications  in  the  results 
of  existing  causes  in  time  to  come,  which  are  not  conformahle  to  analogy, 
unless  they  he  produced  hy  the  progres^ve  development  of  human 
power,  or  perhaps  by  some  other  new  relations  which  may  hereafter 
spring  up  between  the  moral  and  material  worlds.  In  the  same  man- 
ner, when  we  speculate  on  the  ricissitudes  of  the  animate  and  inanimate 
creation  in  former  ages,  we  ought  not  to  look  for  any  anomalous  results, 
unless  where  man  has  interfered,  or  unless  clear  indications  appear  of 
some  other  moral  source  of  temporary  derangement. 


CHAPTER  X. 

SUPPOSED  INTBNSrrr  OF  AQUEOUS  FORCES  AT  REMOTE  PERIODS. 

Inteiuity  of  aqaeona  cause*— Slow  aocamiilatioa  of  strata  prored  by  fossils— Bate 
of  denndatioD  can  only  keep  pace  with  depoeitioii— >£rratic8»  and  effects  of  io&— 
Deluges,  and  the  causes  to  which  they  are  referred— Supposed  universality  of 
ancient  deposits. 

Intensity  of  aqueous  causes, — ^Thb  great  problem  considered  in  the 
preceding  chapters,  namely,  whether  the  former  changes  of  the  earth 
made  known  to  us  by  geology,  resemble  in  kind  and  degree  those  now 
in  daily  progress,  m^y  still  be  contemplated  from  several  other  points  of 
view.  We  may  inquire,  for  example,  whether  there  are  any  grounds 
for  the  belief  entertained  by  many,  that  the  intensity  both  of  aqueous 
and  of  igneous  forces,  in  remote  ages,  far  exceeded  that  which  we  wit- 
ness in  our  own  times. 

FiiBt,  then,  as  to  aqueous  causes :  it  has  been  shown,  in  our  history 
of  the  science,  that  Woodward  did  not  hesitate,  in  1695,  to  teach  that 
the  entire  mass  of  fossiliferous  strata  contained  in  the  earth's  crust  had 
been  deposited  in  a  few  months ;  and,  consequently,  as  their  mechanical 
and  derivative  origin  was  already  admitted,  the  reduction  of  rocky 
masses  into  mud,  sand,  and  pebbles,  the  transportation  of  the  same  to 
a  distance,  and  their  accumulation  elsewhere  in  regular  strata,  were  all 
assumed  to  have  taken  place  with  a  rapidity  unparalleled  in  modem 
times.  This  doctrine  was  modified  by  degrees,  in  proportion  as  different 
classes  of  organic  remains,  such  as  shells,  corals,  and  fossil  plants,  had 
been  studied  with  attention.  Analogy  led  every  naturalist  to  assume, 
that  each  full-grown  incUvidual  of  the  animal  or  vegetable  kingdom,  had 
rtqtined  a  certam  number  of  months  or  years  for  the  attainment  of  ma- 
turity, and  the  perpetuation  of  its  species  by  generation ;  and  thus  tha 
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fiiBt  approach  was  made  to  the  conception  of  a  common  standard  <^ 
time,  without  which  there  are  no  means  whatever  of  measuring  the 
comparative  rate  at  which  any  succession  of  events  has  taken  pkoe  at 
two  distinct  periods.  This  standard  conasted  of  the  average  duration 
of  the  lives  of  individuals  of  the  same  genera  or  families  in  the  animal 
and  vegetable  kingdoms;  and  the  multitude  of  fossib  dispersed  through 
successive  strata  implied  the  continuance  of  the  same  species  for  many 
generations.  At  length  the  idea  that  species  themselves  had  had  a 
lunited  duration,  arose  out  of  the  observed  fact  that  sets  of  strata  of  dif- 
ferent ages  contained  fossils  of  distinct  species.  Finally,  the  opinion 
became  general,  that  in  the  course  of  ages,  one  asscAnblage  of  animals 
and  plants  had  disappeared  after  another  again  and  again,  and  new 
tribes  had  started  into  life  to  replace  them. 

Denudation. — In  addition  to  the  proofs  derived  from  organic  remains, 
the  forms  of  stratification  led  also,  on  a  fuller  mvestigation,  to  the  belief 
that  sedimentary  rocks  had  been  slowly  depodted ;  but  it  was  still  Ap- 
posed that  denudation,  or  the  power  of  running  water,  and  the  waves 
and  currents  of  the  ocean,  to  strip  off  superior  strata,  and  lay  bare  the 
rocks  below,  had  formerly  operated  with  an  energy  wholly  unequalled 
in  our  times.  These  opinions  were  both  illogical  and  inconustent,  be- 
cause deposition  and  denudation  are  parts  of  the  same  process,  and 
what  is  true  of  the  one  must  be  true  of  the  other.  Their  speed  must 
be  always  limited  by  the  same  causes,  and  the  conveyance  of  solid  mat- 
ter to  a  particular  region  can  only  keep  pace  with  its  removal  from  an- 
other, so  that  the  aggregate  of  sedimentary  strata  in  the  earth's  crust 
can  never  exceed  in  volume  the  amount  of  solid  matter  which  has  been 
ground  down  and  washed  away  by  running  water.  How  vast,  then, 
must  be  the  spaces  which  this  abstraction  of  matter  has  left  vacant ! 
how  far  exceeding  in  dimenswns  all  the  valleys,  however  numerous,  and 
the  hollows^  however  vast,  which  we  can  prove  to  have  been  cleared  out 
by  aqueous  erosion  1  The  evidences  of  the  work  of  denudation  are  de- 
fective, because  it  is  the  natune  of  every  destroying  cause  to  obtiterate 
the  signs  of  its  own  agency ;  but  the  amount  of  reproduction  in  the  f<»m 
of  sedin&entary  strata  must  always  aff<HxL  a  true  measure  of  the  mtnim«n^ 
jof  denudation  which  the -earth's  suiface  has  undergone. 

Erratics, — ^The  next  phenomenon  to  which  the  advocates  of  the 
excessive  power  of  running  water  in  times  past  have  a]^>ealed,  is  the 
enormous  sixe  of  the  blocks  called  erratic,  which  Ue  scattered  over  the 
northern  parts  of  Europe  and  North  America.  Unquestionably  a  large 
proportion  of  these  blocks  have  been  transpcnrted  liir  from  their  original 
position,  for  between  them  and  the  parent  rodcs  we  now  find^  not  unfre- 
quently,  deep  seas  and  vaUeys  intervening,  or  hills  more  than  a  thousand 
feet  high.  To  explain  the  present  situation  of  such  travelled  fragments^ 
a  deluge  oi  mud  has  been  imagined  by  some  to  have  come  from  the 
north,  bearing  along  with  it  sand,  gravd,  and  stony  fragments^  some  of 
them  hundreds  of  tons  in  weight.  This  flood,  in  its  transient  passage 
over  the  continents,  dispened  the  boulders  irregularly  over  hill,  vallejt 
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and  plain ;  or  forced  them  along  orer  a  surface  of  hard  TOok,.Bo  aa  ta 
polish  it  and  leave  it  indented  with  parallel  scratches  and  grooves — such 
markings  as  are  still  visible  in  the  rocks  of  Scandinavia,  Scotland*  Can- 
ada, and  many  other  countries. 

There  can  be  no  doubt  that  the  myriads  of  angular  and  rounded  Uocks 
above  alluded  to»  cannot  have  been  borne  along  by  oi:dinary  rivers  or 
marine  currents^  so  great  is  their  volume  and  weight,  and  so  clear  are 
the  signs,  in  many  places,  of  time  having  been  occupied  in  their  succes- 
sive deposition ;  for  they  are  often  distributed  at  various  depths  through 
heaps  of  regularly  stratified  sand  and  gravel  No  waves  of  the  sea 
nused  by  earthquakes,  nor  the  bursting  of  lakes  dammed  up  for  a  time 
hy  landslips  or  by  avalanches  of  snow,  can  account  for  the  observed 
facts ;  but  I  shall  endeavor  to  show,  in  the  next  book,  chap.  15,*  that 
a  combination  of  existing  causes  may  have  ccmveyed  erratics  into  their 
present  situations. 

The  causes  which  will  be  referred  to  are,  first,  the  carrying  power  of 
ice,  combined  with  that  of  running  water ;  and  second,  the  upward 
movement  of  the  bed  of  the  sea,  converting  it  gradually  into  land. 
Without  entering  at  present  into  any  details  respecting  these  causes, 
I  may  mention  that  the  transportation  of  blocks  by  ice  is  now  simulta- 
neously in  progress  in  the  cold  and  temperate  latitudes,  both  of  the 
northern  and  southern  hemisphere,  as,  for  example,  oa  the  coasts  of  Can- 
ada and  Gulf  of  St  Lawrence,  and  also  in  ChiU,  Patagonia,  and  the 
island  of  South  Georgui.  In  those  regions  the  uneven  bed  of  Uie  ocean 
b  becoming  strewed  over  with  ice-drifted  fragments,  which  have  either 
stranded  on  shoals,  or  been  dropped  in  deep  water  by  melting  bergs.  The 
entanglement  of  boulders  in  drift-ice  will  idso  be  shown  to  occur  annually 
in  Korth  America,  and  these  stones^  when  firmly  frozen  into  ice,  wander 
year  after  year  fnHn  Labrador  to  the  St.  Lawrence,  and  reach  points  of 
the  western  hemisphere  farther  south  than  any  part  of  Great  Britain. 

The  general  absence  of  erratics  in  the  warmer  part»  of  the  equatorial 
r^ons  of  Asia,  ^rica,  and  America,  confirms  the  same  views^  As  to 
the  polishing  and  grooving  c^  hard  rocks,  it  has  lately  been  ascertained 
that  glaciers  give  rise  to  these  effects  when  pushing  forward  sand,  peb- 
bles, and  rocky  fragments,  and  causing  them  to  grate  along  the  bottom. 
Nor  can  there  be  any  reasonable  doubt  that  icebeigsy  when  they  run 
aground  on  the  floor  of  the  ocean,  must  imprint  similar  marks  upon  it. 

It  is  unnecessary,  therefore,  to  refer  to  deluges,  or  even  to  speculate 
on  the  former  existence  of  a  climate  more  severe  than  that  now  prevail- 
ing in  the  western  hemisphere,  to. explain  the  geographical  distribution 
of  most  of  the  European  erratics. 

Deluges. — ^As  deluges  have  been  often  alluded  to,  I  shall  say  some- 
thing of  the  causes  which  may  be  supposed  to  give  rise  to  these  grand 
movements  of  water  in  addition  to  those  already  alluded  to  (p.  0). 
Geologists  who  believe  that  mountain-chains  have  been  thrown  up  sud- 

*  See  ako  Mannal  of  G«ology,  cb.  11,  la. 
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denly  at  many  successive  epochs,  imagine  that  the  waters  of  the  ocean 
may  be  raised  by  these  convulsions,  and  then  break  in  terrific  waves  upon 
the  land,  sweeping  over  whole  contments,  hollowing  out  valleys,  and 
transporting  sand,  gravel,  and  erratics,  to  great  distances.  The  sudden 
rise  of  the  Alps  or  Andes,  it  is  said,  may  have  produced  a  flood  even 
subsequently  to  the  time  when  the  earth  became  the  re»dence  of  man. 
But  it  seems  strange  that  none  of  the  writers  who  have  indulged  their 
imaginations  in  conjectures  of  this  kind,  should  have  ascribed  a  deluge 
to  the  sudden  conversion  of  part  of  the  unfathomable  ocean  into  a  shoal 
rather  than  to  the  rise  of  mountain-chains.  In  the  latter  case,  the 
mountains  themselves  could  do  no  more  than  displace  a  certain  quantity 
of  atmospheric  air,  whereas,  the  instantaneous  formation  of  the  shoal 
would  displace  a  vast  body  of  water,  which  being  heaved  up  tc  a  great 
height  might  roll  over  and  permanently  submerge  a  large,  portion  of  a 
continent. 

If  we  restrict  ourselves  to  combinations  of  causes  at  present  known, 
it  would  seem  that  the  two  principal  sources  of  extraordinary  inunda- 
tions are,  first,  the  escape  of  the  waters  of  a  large  lake  raised  far  above 
the  sea ;  and,  secondly,  the  pouring  down  of  a  marine  current  into  lands 
depressed  below  the  mean  level  of  the  ocean. 

As  an  example  of  the  first  of  these  cases,  we  may  take  Lake  Superior, 
which  is  more  than  400  geographical  miles  in  length  and  about  150  in 
breadth,  having  an  average  depth  of  from  500  to  900  feet.  The  sur- 
face of  this  vast  body  of  fresh  water  is  no  less-than  600  feet  above  the 
level  of  the  ocean ;  the  lowest  part  of  the  barrier  which  separates  the 
lake  on  its  southwest  side  from  those  streams  which  flow  into  the  head 
waters  of  the  Mississippi  being  about  600  feet  high.  If,  theref(H:e,  a 
series  of  subsidences  should  lower  any  part  of  this  barrier  600  feet»  any 
subsequent  rending  or  depression,  even  of  a  few  yards  at  a  time,  would 
allow  the  sudden  escape  of  vast  floods  of  water  into  a  hydrographical 
basin  of  enormous  extent.  If  the  event  happened  in  the  dry  season, 
when  the  ordinary  channels  of  the  Mississippi  and  its  tributaries  are  in  a 
great  degree  empty,  the  inundation  might  not  be  con^derable ;  but  if  m 
the  flood-season,  a  region  capable  of  supporting  a  population  of  many 
millions  might  be  suddenly  submerged.  But  even  this  event  would  be 
msufficient  to  cause  a  violent  rush  of  water,  and  to  produce  those  effects 
usually  called  diluvial ;  for  the  difference  of  level  of  600  feet  betwe^ 
Lake  Superior  and  the  Gulf  of  Mexico,  when  distributed  over  a  distance 
of  1800  miles,  would  give  an  average  fall  of  only  four  inches  per  mile. 

The  second  case  before  adverted  to  is  where  there  are  large  tracts  of 
dry  land  beneath  the  mean  level  of  the  ocean.  It  seems,  after  much 
controversy,  to  be  at  length  a  setUed  point,  that  the  Caspian  is  really 
83  feet  6  inches  lower  than  the  Black  Sea.  As  the  Caspian  covers  an 
area  about  equal  to  that  of  Spain,  and  as  its  shores  are  in  general  low 
and  flat,  there  must  be  many  thousand  square  miles  of  country  less  than 
83  feet  above  the  level  of  that  inland  sea,  and  consequently  depressed 
below  the  Black  Sea  and  Mediterranean.     This  area  includes  the  site  of 
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tiie  populous  city  of  AstraUban  and  other  towns.  Into  this  region  the 
ocean  would  pour  its  waters,  if  the  land  now  intenrening  between  the 
Sea  of  Azof  and  the  Caspian  should  subside.  Yet  even  if  this  event 
should  occur,  it  is  most  probable  that  the  submergence  of  the  whole 
region  would  not  be  accomplished  simultaneously,  but  by  a  series  of 
minor  floods,  the  sinking  of  die  hairier  being  gradual.* 

Supposed  wttivenaiity  of  anicimi  i^ponte.-— The  next  fallacy  which 
has  helped  to  perpetuate  the  doctrine  that  the  operations  of  water  were 
fm  a  different  and  grander  scale  in  ancient  times,  is  founded  on  the  indef- 
inite areas  over  which  homogeneous  deposits  were  supposed  to  extend. 
No  modem  sedimentary  strata,  it  is  said,  equally  identica  ji  mineral 
cnaracter  and  fossil  contents,  can  be  traced  continuously  from  one  quar- 
ter of  the  globe  to  another.  But  the  first  propagators  of  these  opinions 
were  Yery  slightly  acquainted  with  the  inconstancy  in  mmeral  composi- 
tion of  the  ancient  formations,  and  equally  so  of  the  wide  spaces  oyer 
which  the  same  kind  of  sediment  is  now  actually  distributed  by  rivers 
and  currents  in  the  course  of  centuries.  The  persistency  of  character 
in  the  older  series  was  exaggerated,  its  extreme  variability  in  the  newer 
was  assumed  without  proof.  In  the  chapter  which  treats  of  river-deltas 
and  the  dispersion  of  sediment  by  currents,  and  in  the  description  of 
reefs  of  coral  now  growing  over  areas  many  hundred  miles  in  length,  I 
shall  have  opportunities  of  convincmg  the  reader  of  the  danger  of  hasty 
generalizations  on  this  head. 

In  regard  to  the  imagined  universality  of  particular  rocks  of  ancient 
date,  it  was  almost  unavoidable  that  this  notion,  when  once  em- 
braced, should  be  perpetuated ;  for  the  same  kinds  of  rock  have  occa- 
sionally been  reproduced  at  successive  epochs;  and  when  once  the 
agreement  or  disagreement  in  mineral  character  alone  was  relied  on  as 
the  test  of  age,  it  followed  that  similar  rocks,  if  found  even  at  the 
antipodes,  were  referred  to  the  same  era,  until  the  contrary  could  be 
shown. 

*  It  has  been  suspected  ever  since  the  middle  of  the  last  century,  that  the 
Caspian  was  lower  tnan  the  ocean,  it  being  known  that  in  Astrakhan  the  mercury 
in  the  barometer  generally  stands  above  Uiirty  inchea  In  1  SIX,  MM.  Engelhardt 
and  Parrot  attempted  to  determine  the  exact  amount  of  difference  by  a  series  of 
levelling^  and  barometrical  measurements  across  the  isthmus  at  two  different 
places  near  the  foot  of  Mount  Caucasus.  The  result  of  their  operations  led  them 
to  the  opinion  that  the  Caspian  was  more  than  800  feet  below  the  Black  Sea. 
But  the  correctness  of  the  ooservatioos  haying  afterwards  been  called  in  question, 
M.  Parrot  reyisited  the  ground  in  1S29  and  1830,  and  inferred  from  new  level- 
lings,  that  the  mouth  of  the  Don  was  between  three  and  four  feet  lower  than 
that  of  the!  Wolga ;  in  other  words,  that  the  sea  of  Azof;  which  communicates 
with  the  Black  Sea,  was  actually  lower  than  the  Caspian  i  Other  statements, 
uo  less  contradictory,  haying  been  made  by  other  observers,  the  Russian  govern- 
ment at  length  directed  the  Academy  of  St  Petersburg  to  send  an  expedition, 
in  1886,  to  decide  the  point  by  a  trigonometrical  survey,  from  which  it  appeared 
that  the  Caspian  is  101  Russian,  or  108  English,  feet  lower  than  the  Black  Sea. 
(For  authorities,  see  Joum.  Roy.  Geograph.  Soc.  vol  viil  p.  186).  Sir  R  Murchi- 
ton,  however,' concludes,  in  1845,  from  the  best  Russian  authorities,  that  the  de- 
pression of  the  Caspian  is  on\j  88  feet  6  inches. 

The  measurements  of  Maior  Anthony  Symonds,  since  confirmed  by  French 
authorities^  make  the  Dead  Sea  to  be  1200  feet  below  the  Mediterranean. 
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Now  it  is  usually  impossible  to  combat  such  an  assumption  on  geo- 
logical grounds,  $o  long  as  we  are  imperfectly  acquainted  with  the  ord^ 
of  superposition  and  the  organic  iBmains  of  these  same  formations. 
Thus,  for  example,  a  group  of  red  marl  and  red  sandstone,  containing 
salt  and  gypsum,  being  interposed  in  England  between  the  Lias  and  the 
Coal,  all  other  red  marls  and  sandstones,  associated  some  of  them  with 
salt,  and  others  with  gypsum,  and  occurring  not  only  in  different  parts  of 
Europe,  but  m  North  America,  Peru,  India,  the  salt  deserts  of  Asia, 
those  of  Africa — in  a  word,  in  every  quarter  of  the  globe,  were  referred 
to  one  and  the  same  period.  The  burden  of  proof  was  not  supposed  to 
rest  with  those  who  insisted  on  the  identity  in  age  of  all  these  groups — 
their  identity  in  mineral  compo«tion  was  Uiought  sufficient.  It  was  in 
Tun  to  uige  as  an  objection  the  improbability  of  the  hypothesis  wluch 
implies  that  all  the  moving  waters  on  the  globe  were  once  simultaneously 
charged  with  sediment  of  a  red  color. 

But  the  rashness  of  pretending  to  identify,  in  age,  all  the  red  sand* 
stones  and  marls  in  question,  has  at  length  been  sufficiently  exposed,  by 
the  discovery  that,  even  in  Europe,  they  belong  decidedly  to  many  dif- 
ferent epochs.  It  is  already  ascertained,  that  the  red  sandstone  and  red 
marl  containing  the  rock-salt  of  Oardona  in  Catalonia  is  newer  thah  the 
Oolitic,  if  not  more  modem  than  the  Cretaceous  period;  It  is  also 
known  that  certidn  red  marls  and  variegated  sandstones  in  Auvergne 
which  are  undistinguishable  in  mineral  composition  from  the  New  Red 
Sandstone  of  Engleh  geologists,  belong,  nevertheless,  to  the  Eocene 
period ;  and,  lastly,  the  gypseous  red  marl  of  Aiz,  in  Provence,  for- 
merly supposed  to  be  a  marine  secondary  group,  is  now  acknowledged 
to  be  a  tertiary  freshwater  formation.  In  Nova  Scotia  one  great  de- 
posit of  red  marl,  sandstone,  and  gypsum,  precisely  resembling  in  min- 
eral character  the  "New  Red'*  of  England,  occurs  as  a  member  of  the 
Carboniferous  group,  and  in  the  United  States  near  the  Falls  of  Niagara, 
a  similar  formation  constitutes  a  subdivision  of  the  Silurian  series.* 

Nor  was  the  nomenclature  commonly  adopted  in  geology  without  its 
influence  m  perpetuating  the  erroneous  doctrine  of  universal  formations. 
Such  names,  for  example,  as  Chalk,  Green  Sand,  Oolite,  Red  Marl,  Coal, 
and  others,  were  given  to  some  of  the  principal  fossihferous  groups  in 
consequence  of  mineral  peculiarities  which  happened  to  characterize 
them  in  the  countries  where  they  were  first  studied.  When  geologists 
had  at  length  shown,  by  means  of  fossils  and  the  order  of  superposition, 
that  other  strata,  entirely  dissimilar  in  color,  texture,  and  composition, 
were  of  contemporaneous  date,  it  was  thought  convenient  still  to  retain 
the  old  names.  That  these  were  often  inappropriate  was  admitted ; 
but  the  student  was  taught  to  understand  them  in  no  other  than  a 
chronological  sense ;  so  that  the  Chalk  might  not  be  a  white  cretaceous 
rock,  but  a  hard  dolomitic  limestone,  as  in  the  Alps,  or  a  brown  sand- 
otone  or  green  marl,  as  in  New  Jersey,  U.  S.    In  like  manner,  the 

*  See  Lyeli'8  Travels  in  N.  America,  ch.  2  and  Si. 
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Qreen  Sand,  it  was  foU,  might  in  some  pkces  be  represented  by  ted 
siiiidstcme,  red  marl,  salt,  and  gypsum,  as  in  the  north  of  Spain.  So 
the  oolitic  texture  was  declared  to  be  rather  an  exception  than  other- 
wise to  the  general  rule  in  rocks  of  the  Oolitic  period ;  and  it  often 
became  necessary  to  affirm  that  no  particle  of  carbonaceous  matter 
could  be  detected  in  districts  where  the  true  Coal  series  abounded.  In 
8pit«  of  every  precaution  the  habitual  use  of  this  language  could  scarcely 
fail  to  instil  into  the  mind  of  the  pupil  an  idea  that  chalk,  coal,  salt,  red 
marl,  or  the  Oolitic  structure  were  far  more  widely  characteristic  of 
the  rocks  of  a  given  age  than  was  really  the  case. 

There  is  still  another  cause  of  deception,  disposing  us  to  ascribe  a 
more  limited  range  to  the  newer  sedimentary  formations  as  compared 
to  the  older,  namely,  the  very  general  concealment  of  the  newer  strata 
beneath  the  waters  of  lakes  and  seas,  and  the  wide  exposure  above 
waters  of  the  more  ancient.  The  Chalk,  for  example,  now  seen  stretch- 
ing for  thousands  of  miles  over  different  parts  of  Europe,  has  become 
visible  to  us  by  the  effect,  not  of  one,  but  of  many  distinct  series  of  sub- 
terranean movements.  Time  has  been  required,  and  a  succession  of 
geological  periods,  to  raise  it  above  the  waves  in  so  many  regions ;  and 
if  calcareoQs  rocks  of  the  middle  and  upper  tertiary  periods  have  been 
formed,  as  homogeneous  in  mineral  composition  throughout  equally  ex- 
tensive regions,  it  may  require  convulsions  as  numerous  as  all  those 
which  have  occurred  since  the  origin  of  the  Chalk  to  bring  them  up 
within  the  sphere  of  human  observation.  Hence  the  rocks  of  more 
modem  periods  may  appear  partial,  as  compared  to  those  of  remoter 
eras,  not  because  of  any  original  inferiority  in  their  extent,  but  because 
there  has  not  been  suffieient  time  since  their  origin  for  the  development 
of  a  great  series  of  elevatory  movements. 

In  regard,  however,  to  one  of  the  most  important  characteristics  of 
sedimentary  rocks,  their  organic  remains,  many  naturalists  of  high  au- 
thority have  maintained  that  the  same  species  of  fossils  are  more  uni- 
formly distributed  through  formations  of  high  antiquity  than  in  those  of 
more  modem  date,  and  that  distinct  zoolo^cal  and  botanical  provinces, 
as  they  are  called,  which  form  so  striking  a  feature  in  the  living  crea- 
tion, were  not  established  at  remote  eras.  Thus  the  plants  of  the  Coal, 
the  shells,  the  trilobites  of  the  Silurian  rocks,  and  the  ammonites  of  the 
OoHte,  have  been  supposed  to  have  a  wider  geographical  range  than 
any  living  species  of  plants,  crustaceans,  or  moUusks.  This  opinion 
seems  in  certain  cases  to  be  well  founded,  especially  in  relation  to  the 
plants  of  the  Carboniferous  epoch,  owing  probably  to  the  more  uniform 
temperature  of  the  globe,  at  a  time  when  the  position,  of  sea  and  land 
was  less  favorable  to  variations  in  climate,  according  to  principles 
already  explained  in  the  seventh  and  eighth  chapters.  But  a  recent 
comparison  of  the  fossils  of  North  American  rocks  with  those  of  corre- 
sponiding  ages  in  the  European  series,  has  proved  that  the  terrestrial 
rotation  of  the  Carboniferous  epoch  is  an  exception  to  the  general 
role,  and  that  the  launa  and  flora  of  the  earth  at  successive  periods. 
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from  the  oldest  Siluriaii  to  the  newest  Tertiary  was  as  diversified  as 
now.  The  shells,  corals,  and  other  classes  of  organic  remains  dem<m- 
strate  the  fact  that  the  earth  might  then  have  been  divided  into  separate 
zoological  provinces,  in  a  manner  analogous  to  that  observed  in  the  geo- 
graphical distribution  of  species  now  living. 


CHAPTER  XI. 

OK  THE   SUPPOSED   FORMER  INTENSFTT   OF  THE   IGNEOUS  FORCES. 


Yoleanie  action  at  sucoeeBive  geological  periodfl^-HatoDic  rocks  of  differeDt  i 
Gradual  development  of  Bubterranean  movementfl — ^Faulte — Doctrine  of  the 
Budden  upheaval  of  parallel  mountain-chains — Objections  to  the  proof  of  the 
suddenness  of  the  upheayal,  and  the  contemporaneousness  of  parallel  chains — 
TVains  of  active  volcanoes  not  parallel — Ab  large  tracts  of  land  are  rising  ot 
sinking  slowly,  so  narrow  cones  of  land  may  be  pushed  up  gradually  to  great 
heights— Bending  of  strata  by  lateral  pressure^Adequacy  of  the  vdlcanie 
power  to  effect  this  without  paroxysmal  convulsions. 

When  reasoning  on  the  intensity  of  volcanic  action  at  former  periods, 
as  well  as  on  the  power  of  moving  water,  already  treated  of,  geologists 
have  been  ever  prone  to  represent  Nature  as  having  been  prodigal  of 
violence  and  parsimonious  of  time.  Now,  although  it  is  less  easy  to 
determine  the  relative  ages  of  the  volcanic  than  of  the  fossiliferous  for- 
mations, it  is  undeniable  that  igneous  rocks  have  been  produced  at  all 
geological  periods,  or  as  often  as  we  find  distinct  deposits  marked  by 
peculiar  animal  and  vegetable  remains.  It  can  be  shown  that  rocks 
commonly  called  trappean  have  been  injected  into  fissures,  and  ejected 
at  the  surface,  both  before  and  during  the  deposition  of  the  Carbon- 
iferous series,  and  at  the  time  when  the  Magnesian  Limestone,  and 
when  the  Upper  New  Red  Sandstone. were  formed,  or  when  the  Uas, 
Oolite,  Green  Sand,  Chalk,  and  the  several  tertiary  groups  newer  than 
the  chalk,  originated  in  succession.  Nor  is  this  all :  distinct  volcanic 
products  may  be  referred  to  the  subordinate  divisions  of  each  period, 
such  as  the  Carboniferous,  as  in  the  county  of  Fife,  in  Scotland,  where 
certfun  masses  of  contemporaneous  trap  are  associated  with  the  Lower, 
others  with  the  Upper  Coal  measures.  And  if  one  of  these  masses  is 
more  minutely  examined,  we  find  it  to  consist  of  the  products  of  a  great 
many  successive  outbursts,  by  which  scoriae  and  lava  were  again  and 
again  emitted,  and  afterwards  consolidated,  then  fissured,  and  finally 
traversed  by  melted  matter,  constituting  what  are  called  dikes.*  As 
we  enlarge,  therefore,  our  knowledge  of  the  ancient  rocks  formed  by 

*  See  Manual  of  Geology,  chap.  29  to  88,  indusiva 
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labtertaDean  beat,  we  find  ounelTes  compelled  to  regard  them  as  the 
aggregate  ^ects  of  inmmierable  eraptions,  each  of  which  may  have 
been  comparable  in  violence  to  those  now  experienced  in  volcanic 
regions. 

It  may  indeed  be  said  that  we  have  as  yet  no  data  for  estimating  the 
rdadye  yolnme  of  matter  simultaneously  in  a  state  of  fusion  at  two 
given  periods,  as  if  we  were  to  compare  the  columnar  basaltof  Staffa 
and  its  environs  with  the  lava  poured  oat  in  Iceland  in  1783 ;  but  for 
this  very  reaaoa  it  would  be  rash  and  unphilosophical  to  assume  an  ex- 
cess'of  ancient  as  contrasted  with  modem  t>utpouring8  of  melted  matter 
at  particular  periods  of  time.*  It  would  be  still  more  presumptuous  to 
take  for  granted  that  the  more  deep-seated  effects  of  subterranean  heat 
surpassed  at  remote  eras  the  correspondmg  effects  of  internal  heat  in 
our  own  times.  Certain  porphyries  and  granites,  and  aU  the  rocks  com- 
monly called  plutonicy  are  now  generally  supposed  to  have  resulted  from 
the  slow  cooling  of  materials  fused  and  solidified  under  great  pressure ; 
and  we  cannot  doubt  that  beneath  existing  volcanoes  there  are  large 
spaces  filled  with  melted  stone,  which  must  for  centuries  remmn  in  an 
iaeaadescent  state,  and  then  cool  and  become  hard  and  crystalline  when 
the  subterranean  heat  shall  be  exhausted.  That  lakes  of  lava  are  con- 
tinuous for  hundreds  of  miles  beneath  the  Chilian  Andes»  seems  estob- 
lished  by  observations  made  in  the  year  18d5.f 

Now,  wherever  the  fluid  contents  of  such  reservoirs  are  poured  out 
successively  from  craters  in  the  open  air,  or  at  the  bottom  of  the  sea, 
the  matter  so  ejected  may  afford  evidence  by  its  arrangement  of  having 
originated  at  different  periods;  but  if  the  subterranean  residue  after  the 
withdrawal  of  the  heat  be  converted  into  crystalline  or  plutonic  rock, 
the  entire  mass  may  seem  to  have  been  formed  at  once,  however  count- 
less the  ages  required  for  its  fusion  and  subsequent  refrigeration.  As 
the  idea  that  all  the  granite  in  the  earth's  crust  was  produced  simulta- 
neously, and  m  a  primitive  state  of  the  planet,  has  now  been  universally 
abandiMied ;  so  the  suggestion  above  adverted  to,  may  put  us  on  our 
guard  against  too  readUy  adopting  another  opinion,  namely,  that  each 
lai^e  mass  of  granite  was  generated  in  a  brief  period  of  time. 

Modem  writers  indeed,  of  authdrity,  seem  more  and  more  agreed  that 
m  the  case  of  granitic  rocks,  the  passi^  from  a  liquid  or  pasty  to  a 
solid  and  crystalline  state  must  have  been  an  extremely  gradual  process. 

The  doctrine  sa  much  insisted  upon  formerly,  that  crystalline  rocks,  . 
such  as  granite,  gneiss,  mica-schist,  quartzite»  and  others  were  produced 
m  the  greatest  abundance  in  the  earlier  ages  of  the  planet,  and  that 
tiieir  fomiation  has  ceased  altogether  m  our  own  times,  will  be  contro- 
verted in  the  next  chapter. 

Ghradtud  development  of  iubterranean  movementi. — ^The  extreme  vio< 
ience  of  the  subterranean  forces  in  remote  ages  has  been  often  inferred 
from  the  facte  that  the  older  rocks  are  more  fractured  and  dislocated 

•9eecli.SS,lf»/V<i.  t  Bee  ch.  3*7,  m>dL 
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than  the  newer.  But  what  other  result  could  we  hare  antacipated  if  the 
quantity  of  movement  had  been  always  equal  in  equal  periods  of  time  ? 
Time  must,  in  that  case,  multiply  the  derangement  of  strata  in  the  ratio 
of  their  antiquity.  Indeed  the  numerous  exceptions  to  the  above  rule 
which  we  find  in  nature,  present  at  first  sight  the  only  objection  to  the 
hypothesis  of.  uniformity.  For  the  more  ancient  formations  remiunia 
many  places  horizontal,  while  in  others  much  newer  strata  are  curved 
and  vertical.  This  apparent  anonudy,  however,  will  be  seen  in  the  next 
chapter  to  depend  on  the  irregular  manner  in  which  the  volcanic  and 
subterranean  agency  affect  different  parts  of  the  earth  in  succession,  be- 
ing often  renewed  again  and  again  in  certain  areas,  while  others  remaia 
during  the  whole  time  at  rest. 

That  the  more  impressive  effects  of  subterranean  power,  such  as  the 
upheaval  of  mountain- chains,  may  have  been  due  to  multiplied  convul- 
sions of  moderate  intensity  rather  than  to  a  few  paroxysmal  exploaoos, 
will  appear  the  less  improbable  when  the  gradual  and  intermittent  de- 
velopment of  volcanic  eruptions  in  times  past  is  once  established.  It  is 
now  very  generally  conceded  that  these  eruptions  have  their  source  in 
the  same  causes  as  those  which  give  rise  to  the  permanent  elevation  and 
sinking  of  land ;  the  admission,  therefore,  that  one  of  the  two  volcanic 
or  subterranean  processes  has  gone  on  gradually,  draws  with  it  the  con- 
clusion that  the  effects  of  the  other  have  been  elaborated  by  successive 
and  gradual  efforts. 

Faults, — ^The  same  reasoning  is  applicable  to  great  faults,  or  those 
striking  instances  of  the  upthrow  or  downthrow  of  laige  masses  of  rock, 
which  have  been  thought  by  some  to  imply  tremendous  catastrophes 
wholly  foreign  to  the  ordinary  course  of  nature.  Thus  we  have  ic 
England  faults,  in  which  the  vertical  displacement  is  between  600  and 
SOOO  feet,  and  the  horizontal  extent  thirty  nules  or  more,  the  width  of 
the  fissures  since  filled  up  with  rubbish  varying  from  ten  to  fifty  feet. 
But  when  we  inquire  into  the  proofs  of  the  mass  having  risen  or  fallen 
suddenly  on  the  one  side  of  these  great  rents,  several  hundreds  or  thou- 
sands of  feet  above  or  below  the  rock  with  which  it  was  once  continuous 
on  the  other  side,  we  find  the  evidence  defective.  There  are  grrooves,  it 
b  said,  and  scratches  on  the  rubbed  and  polished  walls,  which  have 
often  one  common  direction,  favoring  the  theory  that  the  movement  was 
accomplished  by  a  single  stroke,  and  not  by  a  series  of  interrupted  move- 
ments. But,  in  fact,  the  striae  are  not  always  parallel  in  such  cases,  but 
often  irregular,  and  sometimes  the  stones  and  earth  which  are  in  the  mid* 
die  of  the  fault,  or  fissure,  have  been  polished  and  striated  by  friction  in 
different  directions,  showing  that  there  have  been  slidings  subsequent  to 
the  first  intr^uction  of  the  fragmentary  matter.  Nor  should  we  forget 
that  the  last  movement  must  always  tend  to  obliterate  the  signs  of  pre- 
vious trituration,  so  that  neither  its  instantaneousness  nor  the  uniformity 
of  its  direction  «an  be  inferred  from  the  parallelism  of  the  strise  that 
have  been  last  produced. 

When  rocks  have  been  once  fractured,  and  freedom  of  motion  com- 
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mnnicated  to  detached  portions  of  them,  these  wOl  naturally  continue 
to  yield  in  the  same  direction,  if  the  process  of  upheaval  or  of  under- 
mining be  repeated  agfun  and  again.  The  incumbent  mass  will  always 
give  way  along  the  lines  of  least  resistance,  or  where  it  was  formerly 
rent  asunder.  Probably,  the  effects  of  reiterated  movement,  whether 
upward  or  downward,  in  a  fault,  may  be  undistinguishable  ftx>m  those 
of  a  single  and  instantaneous  rise  or  subsidence ;  and  the  same  may  be 
said  of  the  rising  or  falling  of  continental  masses,  such  as  Sweden  or 
Greenland,  which  we  know  to  take  place  slowly  and  insen^bly. 

Doctrine  of  the  sudden  upheaval  of  parallel  mountain-ehains. — ^The 
doctrine  of  the  suddenness  of  many  former  revolutions  in  the  physical 
geography  of  the  globe  has  been  thought  by  some  to  derive  additional 
confirmation  from  a  theory  respecting  the  origin  of  mountain-chains,  ad- 
vanced in  1883  by  a  distinguished  geologist,  M.  Elie  de  Beaumont.  In 
several  essays  on  this  subject,  the  last  published  in  1852,  he  has  at- 
tempted to  establish  two  points ;  first,  that  a  variety  of  independent 
chains  of  mountains*  have  been  thrown  up  suddenly  at  particular  periods ; 
and,  secondly,  that  the  contemporaneous  chains  thus  thrown  up,  pre- 
serve a  parallelism  the  one  to  the  other. 

These  opinions,  and  others  by  which  they  are  accompanied,  are  so 
adverse  to  the  method  of  mterpreting  the  history  of  geological  changes 
which  I  have  recommended  in  this  work,  that  I  am  desirous  of  ezphdn- 
ing  the  grounds  of  my  dissent,  a  course  which  I  feel  myself  the  more 
called  upon  to  adopt,  as  the  generalizations  alluded  to  are  those  of  a 
skilful  writer,  and  an  original  observer  of  great  talent  and  experience. 
I  shall  begm,  therefore,  by  giving  a  brief  summary  of  the  principal  prop- 
ositions laid  dovm  in  the  works  above  referred  to.* 

1st.  M.  de  Beaumont  supposes  ''that  in  the  history  of  the  earth 
there  have  been  long  periods  of  comparative  repose,  during  which  the 
deposition  of  sedimentary  matter  has  gone  on  in  regular  continuity ;  and 
there  have  also  been  short  periods  of  paroxysmal  violence,  during  which 
that  continuity  was  broken. 

"  2dly.  At  each  of  these  periods  of  violence  or  '  revolution,'  in  the 
state  of  the  earth's  surface,  a  great  number  of  mountain-chains  have 
been  formed  suddenly. 

''Sdly.  The  chiuns  thrown  up  by  a  particular  revolution  have  one 
uniform  direction,  being  parallel  to  each  other  within  a  few  degrees  of 
the  compass,  even  when  situated  in  remote  regions ;  whilst  the  chains 
thrown  up  at  different  periods  have,  for  the  most  part,  different  di- 
rections. 

"  4thly.  Each  '  revoluta.on,'  or  '  great  convulsion,*  has  fallen  in  with 
the  date  of  another  geological  phenomenon ;  namely,  '  the  passage  from 

♦  Ann.  des  ScL  Nat.,  Septembre,  Kovembre,  et  D6oembre,  1829.  Revue  Fran- 
fain,  Na  15,  May,  1880.  Bulletin  de  la  Soci6t6  O^ol  de  France,  p.  864,  May, 
1847.  The  latest  edition  of  M.  de  Beanmont's  theory  will  be  found  in  the  12th 
voL  of  the  Dictionnaire  UniverMl  d'Hist  Kat.  1852,  art  <*Sjat«me8  desMon- 
tagoee  i*  also  the  aame  printed  separately. 
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one  indepe&dent  sedimentary  formation  to  another/  characterized  hj  a 
considerable  difference  in  *  oi^pinic  types.' 

*'  athly.  There  has  been  a  recurrence  of  these  paroxysmal  moyementa 
from  the  remotest  geological  periods ;  and  they  may  still  be  reproduced, 
and  the  repose  in  which  we  li^e  may  hereafter  be  broken  by  the  sudden 
upthrow  (^  another  system  of  parallel  chains  of  mountains. 

"  6thly.  Ti^  otiffn  of  these  chains  depends  not  on  partial  volcan]« 
action,  or  a  reiteration  of  ordinary  earthquakes,  but  on  the  secular  re- 
frigeration of  the  entire  planet.  For  the  whole  globe,  with  the  excep- 
tion of  a  thin  envelope,  much  thinner  in  proportion  than  the  shell  to  an 
egg,  is  a  fused  mass,  kept  fluid  by  heat,  but  constantly  cooling  and 
contracting  its  dimensions.  The  external  crust  does  not  gradually  col- 
lapse and  accommodate  itself  century  after  century  to  the  shrunkoa 
nucleus,  subsiding  as  often  aa  there  is  a  slight  failure  of  aupport,  but  it 
is  sustained  throughout  whole  geological  periods,  so  as  to  become  par- 
tiaUy  separated  from  the  nucleus,  until  at  last  it  gives  way  suddenly, 
cracking  and  falling  in  along  determinate  lines  of  £ra<5ture.  During  such 
a  crisb  the  rocks  are  subjected  to  great  lateral  pressure,  the  unyielding 
ones  are  crushed,  and  the  pliant  strata  benty  and  are  forced  to  pack 
ihemselyes  more  closely  into  a  smaller  space,  haying  no  longer  the 
same  room  to  spread  themselves  out  horizontally.  At  the  same  time, 
a  large  portion  of  the  mass  is  squeezed  upwards,  because  it  is  in  the 
upward  direction  only  that  the  excess  in  size  of  the  envelope,  as  com- 
pared to  the  contracted  nucleus,  can  find  relief.  This  excess  produces 
one  or  more  of  those  folds  or  wrinkles  in  the  earth's  crust  which  we  call 
mountain-chains. 

"  Lastly,  some  chains  are  comparatively  modem ;  such  as  the  Alps, 
^i^ch  were  partly  upheaved  after  the  middle  tertiary  period.  The 
elevation  of  the  Andes  was  much  more  recent,  and  was  accompanied  by 
the  simultaneous  outburst  for  the  first  time  of  270  of  the  principal  vol- 
canoes now  active.* 

"  The  agitation  of  the  waters  of  the  ocean  caused  by  this  convulsion 
probably  occasioned  that  transient  and  general  deluge  whidi  is  noticed 
in  the  traditions  of  so  many  nations."! 

Several  of  the  topics  enimierBted  in  the  above,  summary,  such  aa  the 
cause  of  interruptions  in  the  sedimentaiy  series,  will  be  discussed  in  the 
thirteenth  chapter,  and  I  shall  now  confine  myself  to  what  I  oonoeiva 
to  be  the  insufficiency  of  the  proofs  adduced  in  favor  of  the  suddenness 
of  the  upthrow,  and  the  contemporaneousness  of  the  origin  of  the  paral- 
lel chains  referred  to.  At  the  same  time  I  may  remark,  that  the  great 
body  of  facts  collected  together  by  M.  de  Beaumont  will  always  form 
a  most  valuable  addition  to  our  knowledge,  tending  as  they  do  to  ^ooa- 
finn  the  doctrine  that  different  mountain-chains  have  been  formed  in 
successbn,  and,  as  Werner  first  pointed  out,  that  there  are  certun  de- 
terminate lines  of  directioa  or  strike  in  the  strata  of  various  oountrias. 

♦  SyBt*me  de  Mont  p  76t.  f  Ibid.  pp.  761  and  77«, 
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The  i<^wmg  may  senre  as  an  analyab  of  the  eyidence  on  which 
the  theory  above  stated  dependa.  "  We  observe/'  says  M.  de  Beau- 
moiit,  **  when  we  attentively  ezamiae  nearly  all  mountain-chains^  that 
the  most  recent  rocks  extend  horizontally  np  to  tiie  foot  of  such  chains, 
as  we  should  expect  would  be  the  case  if  they  w^re  deposited  in  seas 
or  lakes,  of  which  these  mountains  hare  partly  formed  the  shores ; 
whilst  the  other  sedhnentary  beds,  tilted  up,  and  more  or  less  contorted, 
on  the  fianks  of  the  mountains,  rise  in  certain  points  even  to  their  high- 
est Greats."*  There  are,  therefore^  in  and  adjacent  to  each  chain,  two 
cbsses  of  sedimentary  rocks,  the  ancient  and  .nclined  beds,  and  the 
newer  or  horizontal.  It  is  evident  that  the  first  appearance  of  the  chain 
itsdf  was  an  event  "  intermediate  between  the  period  when  the  beds 
now  upraised  were  deposited,  and  the  period  when  the  strata  were  pro- 
duced hmsontalty  at  its  feet" 
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Thus  the  chain  A  assumed  its  present  position  after  the  deposition 
of  the  strata  b,  which  have  undergone  great  movements,  and  before 
the  deposition  of  the  group  c,  in  which  the  strata  have  not  suffered 
deraugement. 

If  we  then  discover  another  chain  B,  in  which  we  find  not  only  the 
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formation  h,  but  the  group  c  also,  disturbed  and  thrown  on  its  edges, 
we  may  infer  that  the  latter  chain  is  of  subsequent  date  to  A ;  for  B 
must  hare  been  elevated  after  the  deposition  of  e,  and  before  that  of 
the  group  d  ;  whereas  A  had  originated  hefore  the  strata  e  were  formed. 

It  is  then  argued,  that  in  order  to  ascertain  whether  other  mountain 
ranges  are  of.  contemporaneous  date  with  A  and  B,  or  are  referable  to 
duHnct  periods,  we  have  only  to  inquire  whether  the  inclined  and  un- 
disturbed sets  of  strata  in  each  range  correspond  with  or  differ  from 
those  in  the  typical  chain  A  and  B. 

Now  all  this  reasoning  is  perfectly  correct,  so  long  as  the  period  of 
time  required  for  the  deposition  of  the  strata  b  and  c  is  not  made  iden- 


•  Phil.  Hag.  and  Aonak,  Na  68.    New  Series,  p.  24S. 
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tical  in  duration  with  the  period  of  time  during  which  the  animals  and 
plants  found  fossil  in  b  and  e  may  have  flourished ;  for  the  latter,  that 
is  to  say,  the  duratioa  of  certain  groups  of  species,  may  have  greatly 
exceeded,  and  probably  did  greatly  exceed,  the  former,  or  the  time 
required  for  the  accumulation  of  certain  local  deposits,  such  as  b  and  e 
(figs.  11  and  12).  In  order,  moreover,  to  render  the  reasoning  cor- 
rect, due  latitude  must  be  given  to  the  term  contemporaneous;  for 
this  term  must  be  understood  to  allude,  not  to  a  moment  of  time,  but 
to  the  interval,  whether  brief  or  protracted,  which  elapsed  between 
two  events,  namely,  between  the  accumulation  of  the  indmed  and  that 
of  the  horizontal  strata. 

But,  unfortunately,  no  attempt  has  been  made  in  the  treatises  under 
review  to  avoid  this  manifest  source  of  confusion,  and  hence  the  veiy 
terms  of  each  proposition  are  equivocal ;  and  the  posrible  length  oC 
some  of  the  intervals  is  so  vast,  that  to  affirm  that  all  the  chidns  raised 
in  such  intervals  were  contemporaneotu  is  an  abuse  of  language. 

In  order  to  illustrate  this  aigument,  I  shall  select  the  Pyrenees  as  an 
example.  Originally  M.  E.  de  Beaumont  spoke  of  this  range  of  moun- 
tains as. having  been  uplifted  suddenly  (&  un  seul  jet),  but  he  has  since 
conceded  that  in  this  chain,  in  spite  of  the  general  unity  and  silnplioity 
of  its  structure,  six,  if  not  seven,  systems  of  dislocation  of  different  dates 
can  be  recognized.*  In  reference,  however,  to  the  latest,  and  by  far 
the  most  important  of  these  convulsions,  the  chain  is  said  to  have  at- 
tained its  present  elevation  at  a  certain  epoch  in  the  earth's  history, 
namely,  between  the  deposition  of  the  chalk,  or  rocks  of  about  that 
age,  and  that  of  certain  tertiary  formations  "  as  old  as  the  plastic  clay ;" 
for  the  chalk  is  seen  in  vertical,  curved,  and  distorted  beds  on  the  flanks 
of  the  chain,  as  the  beds  5,  fig.  11,  whUe  the  tertiary  formations  rest 
upon  them  in  horizontal  strata  at  its  base,  as  c,  ibid. 

The  proof,  then,  of  the  extreme  suddenness  of  the  convulsion  i»  sup- 
posed to  be  the  shortness  of  the  time  which  intervened  between  the 
formation  of  the  chalk  and  the  origin  of  certain  tertiary  strata.f  Even 
if  the  interval  were  deducible  within  these  limits,  it  might  comprise  aa 
indefinite  lapse  of  time.  In  strictness  of  reasoning,  however,  the  author 
cannot  exclude  the  Cretaceous  or  Tertiary  periods  from  the  posable 
duration  of  the  interval  during  which  the  elevation  may  have  taken 
place.  For,  in  the  first  place,  it  cannot-  be  assumed  that  the  move- 
ment of  upheaval  took  place  after  the  close  of  the  Cretaceous  period  ; 
we  can  merely  say,  that  it  occurred  after  the  deposition  of  certain 
strata  of  that  period ;  secondly,  although  it  were  true  that  the  event 
happened  before  the  formation  of  all  the  tertiary  strata  now  at  the  base 
of  the  Pyrenees,  it  would  by  no  means  follow  that  it  preceded  the 
whole  Tertiary  epoch. 

The  age  of  the  strata,  both  of  the  inclined  and  horizontal  series,  may 

♦  SvsUme  de  Mootagnea,  1862,  p.  429. 

t  Pml  Mag.  and  Azmals,  Na  68.    New  serieB,  p.  248. 
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have  been  accurately  determined  by  M.  De  Beaumont,  and  still  the  up- 
heaving of  the  Pyrenees  may  have  been  going  on  before  the  animals  of 
the  Chalk  period,  such  as  are  found  fossil  in  England,  had  ceased  to  ex- 
ist, or  when  the  Maestricht  beds  were  in  progress,  or  during  the  indefi- 
nite ages  which  may  have  elapsed  between  the  extinction  of  the  Maes- 
tricht animals  and  the  intnxiuction  of  the  Eocene  tribes,  or  during  the 
Eocene  epoch,  or  the  rise  'may  have  been  going  cm  throughout^  one,  or 
several,  or  all  of  these  periods. 

It  would  be  a  purely  gratuitous  assumption  to  say  that  the  inclined 
cretaceous  strata  (6,  fig.  11)  on  the  fianks  of  the  Pyrenees,  were  the 
very  last  which  were  deposited  during  the  Cretaceous  period,  or  that, 
as  soon  as  they  were  upheaved,  all  or  nearly  &]1  the  species  of  animals 
and  plants  now  found  fossil  in  them  were  suddenly  exterminated ;  yet, 
unless  this  can  be  afl&rmed,  we  cannot  say  that  the  Pyrenees  were  not 
upheaved  during  the  Cretaceous  peridd.  Consequently,  another  range 
of  mountains,  at  the  base  of  which  cretaceous  rocks  may  lie  in  horizontal 
stratification,  may  have  been  elevated,  like  the  chain  A,  fig.  12,  during 
some  part  of  the  same  great  period. 

There  are  mountains  in  Sicily  two  or  three  thousand  feet  high,  the 
tops  of -which  are  composed  of  limestone,  in  which  a  large  proportion  of 
the  fossil  shells  agre^  specifically  with  those  now  inhabiting  the  Medi- 
terranean. Here,  as  in  many  other  countries,  the  deposits  now  in  pro- 
gress in  the  sea  must  inclose  shells  and  other  fossils  specifically  identical 
with  those  of  the  rocks  constituting  the  contiguous  land.  So  there  are 
blands  in.  the  Pacific  where  a  mass  of  dead  coral  has  emerged  to  a  con- 
siderable altitude,  while  other  portions  of  the  mass  remain  beneath  the 
sea,  still  increasing  by  the  growth  of  living  zoophytes  and  shells.  The 
chalk  of  the  Pyrenees,  therefore,  may  at  a  remote  period  have  been 
raised  to  an  elevation  of  several  thousand  feet,  while  the  species  found 
fossil  in  the  same  chalk  still  continued  to  be  represented  in  the  fauna  of 
the  neighboring  ocean.  In  a  word,  we  cannot  assume  that  the'origin  of 
a  new  range  of  mountains  caused  the  Cretaceous  period  to  cease,  and 
served  as  the  prelude  to  a  new  order  of  things  in  the  animate  creation. 

To  illustrate  the  grave  objections  above  advanced,  against  the  theoiy 
considered  in  the  present  chapter,  let  us  suppose,  that  in  some  country 
three  styles  of  architecture  haid  prevailed  in  succession,  each  for  a  period 
of  one  thousand  years ;  first  the  Greek,  then  the  Roman,  and  then  the 
Gothic ;  and  that  a  tremendous  earthquake  was  known  to  have  occurred 
in  the  same  district  during  one  of  the  three  periods — a  convulsion  of 
such  violence  as  to  have  levelled  to  the  ground  all  the  buildings  then 
standing.  If  an  antiquary,  desirous  of  discovering  the  date  of  the  catas- 
trophe, should  first  arrive  at  a  city  where  several  Greek  temples  were 
lying  in  ruins  and  half  engulphed  in  the  earth,  while  many  Gothic  edi- 
fices were  standing  uninjured,  could  he  determine  on  these  data  the  era 
of  the  shock  ?  Could  he  even  exclude  any  one  of  the  three  periods, 
and  decide  that  it  must  have  happened  during  one  of  the  other  two  ? 
Certainly  not.    He  could  merely  afiirm  that  it  happened  at  some  period 
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after  the  introdactioii  of  the  Greek  style,  and  before  the  Qothic  haa 
fallen  into  disuse.  Should  he  pretend  to  define  the  date  of  the  convul- 
sion with  greater  precision,  and  decide  that  the  earthquake  must  hare 
occurred  after  the  Greek  and  before  the  Gothio  period,  that  is  to  say, 
when  the  Roman  style  was  m  use,  the  faUaoy  in  his  reasoning  woukL  be 
too  palpable  to  escape  detection  for  a  moment. 

Yet  such  is  the  nature  of  the  eironeous  induction  which  I  am  noH 
exposing.  For  as,  in  the  example  above  proposed,  the  erection  of  a 
particular  edifice  is  perfectly  distinct  from  the  period  of  architecture  in 
which  it  may  have  been  raised,  so  is  the  deposition  of  chalk,  or  any 
other  set  of  strata,  from  the  geologicid  epochs  characteriased  by  certain 
fossils  to.  which  they  may  belong. 

It  is  almost  superfluous  to  enter  into  any  farther  analysis  of  the  theory 
of  parallelism,  because  the  whole  force  of  the  argument  depends  on  the 
accuracy  of  the  data  by  which  the  contemporaneous  or  non-contempo- 
raneous date  of  the  elevation  of  two  independent  chains  can  be  demon- 
strated. In  every  case,  this  evidence,  as  stated  by  M.  de  Beaumont,  is 
eqtdvocal,  because  he  has  not  included  in  the  possible  interval  of  time 
between  the  depositions  of  the  deranged  and  the  horisontal  formations, 
part  of  the  periods  to  which  each  of  those  classes  Gi  formations  are  ref- 
erable. Even  if  all  the  geological  facts,  therefore?  adduced  by  the  au- 
thor were  true  and  unquestionable,  yet  the  conclusion  that  certain  chains 
were  or  were  not  simultaneously  upraised  is  by  no  means  a  legitimate 
consequence. 

In  the  third  volume  of  my  first  edition  of  the  Principles,  which  ap- 
peared in  April,  1888, 1  controverted  the  views  of  M.  de  Beaumcmt, 
then  just  published,  in  the  same  terms  as  I  have  now  restated  them. 
At  that  time  I  took  for  granted  that  the  chronological  date  of  the  new- 
est rooks  entering  into  the  disturbed  series  of  the  Pyrenees  had  been 
correctly  ascertained.  It  now  appears,  however,  that  some  of  the  most 
modem  of  those  disturbed  strata  belong  to  the  nummulitio  formation, 
which  are  regarded  by  the  majority  of  geologists  as  Eocene  or  older 
tertiary,  an  opinion  not  ass^ited  to  by  M.  E.  de  Beaumont,  and  which 
I  cannot  discuss  here  without  being  led  into  too  long  a  digression.*' 

Perhaps  a  more  striking  illustration  of  the  difficulties  we  encounter^ 
when  we  attempt  to  apply  the  theory  under  consideration  even  to  the 
best  known  European  countries,  is  afforded  by  what  is  called  **  The  Sys- 
tem of  the  Longmynds."  This  small  chain,  situated  in  Shropshire,  is 
the  third  of  the  typical  systems  to  which  M.  £.  de  Beaumont  compares 
other  mountain  ranges  corresponding  in  striiu  and  structure.  The  date 
assigned  to  its  upheaval  is  "  after  the  unfossiliferous  greywacke,  or  Cam* 
brian  strata,  and  before  the  Silurian."  But  Sir  R.  I.  Murchison  had 
shown  in  1888,  in  his  "Silurian  Sj^tem,"  and  the  British  government 
surveyors,  since  that  time,  in  their  sections  (about  18i6),  that  the  L(xig- 
mynds  and  other  chains  of  similar  composition  in  North  Wales  are  jpofi- 

•  Syst^me  de  Montagnea^  1862,  p.  429. 
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Bilttrian,  In  all  of  them  foBBfliferow  beds  of  the  lower  Sfluiiaa  fbrma- 
tion,  or  Lliinddlo  fags  are  highly  bcHned,  and  often  Trertioal.  In  one 
liniHed  region  the  Caradoc  sandstone,  a  metnber  of  the  lower  Silurian, 
rests  vnconformably  on  the  denuded  edges  of  the  inferior  (or  Llandeilo) 
member  of  the  same  group ;  whilst  in  some  cases  both  of  these  sets  c^ 
strata  are  upturned.  When,  therefore,  so  grave  an  error  is  detected  in 
regard  to  the  nge  of  a  typical  chain,  we  are  entitled  to  inquire  with  sur- 
prise, by  what  means  nine  other  parallel  chains  in  France,  Germany, 
and  Sweden,  assumed  to  be  '^  ante-Silurian,"  have  been  made  to  agree 
precisely  in  date  with  the  Longmynds?  If  they  are  correctly  repre- 
seated  as  having  been  all  deposited  before  the  deposition  of  the  Silurian 
strata,  they  cannot  be  contemporaneous  with  the  Longm3md8,  and  they 
only  prove  how  little  reliance  can  be  placed  on  paraHelism  as  a  test  of 
sinmltaneouBness  of  upheaval.  But  in  truth  it  is  impossible,  for  reasons 
already  given,  to  demonstrate  that  each  of  those  nine  chains  coincide  in 
date  with  one  another,  any  more  than  with  the  Longmynds. 

The  reader  will  see  in  the  sequel  (chap.  81*)  that  Mr.  Hopkins  has 
mfetred  from  astronomical  calculations,  that  the  solid  crust  of  the  earth 
cannot  be  less  than  800  or  1000  miles  thick,  and  may  be  more.  Even 
if  it'  be  solid  to  the  depth  of  100  miles,  such  a  thickness  would  be  in* 
consistent  with  M.  E.  de  Beonmontjs  hypothesis,  which  requires  a  shell 
not  more  than  thirty  miles  thick,  or  even  less.  Mr.  Hopkins  admits 
that  the  exterior  of  the  planet,  though  soUd  as  a  whole,  may  contain 
within  it  vast  lakes  or  seas  of  lava.  If  so,  the  gradual  fusion  of  rocks» 
and  the  expansive  power  of  heat  exerted  for  ages,  as  well  as  the  subse* 
quent  contraction  of  the  same  during  slow  refrigeration,  may  perhaps 
account  for  the  origin  of  mountain-chains,  for  these,  as  Dolomieu  has 
remariEed,  are  "far  less  important,  proportionaUy  speaking,  than  the  in- 
eqoafities  on  the  surface  of  an  egg-shell,  which  to  the  eye  appears 
smooth."  A  "centripetal  force"  affecting  the  whole  planet  as  it  eools, 
seems  a  mightier  cause  than  is  required  to  produce  wrinkles  of  such 
insignificant  size. 

In  pursuing  his  investigations,  M.  £.  de  Beaumont  has  of  late  greatly 
multiplied  the  number  of  successive  periods  of  instantaneous  upheaval, 
admitting  at  the  same  time  that  occtoionally  new  lines  of  upthrow  have 
taken  the  direction  of  older  ones.f  These  admissions  render  his  views 
much  more  in  harmony  with  the  principles  advocated  in  this  work,  but 
they  impair  the  practical  utility  of  piarallelism  considered  as  a  chrono- 
logical test ;  for  no  rule  is  laid  down  for  limiting  the  interval,  whether  in 
time  or  space,  which  may  separate  two  parallel  lines  of  upheaval  f^ 
diff^reait  dates.^ 

•  *  ForpMpe,  see  Index,  " Hppkina**  \  Art.  Syettaie  de  Mootagnea,  p.  '7*75. 
}  M.  K  oe  Beaumont  in  his  later  inquiries  (Comptes  rendus,  Sept  1800,  and 
Systftmes  dee  Montagnes)  has  eotne  to  the  conclusion,  tbat  the  principal  mountain 
nmges,  if  prdonged,  would  intersect  each  other  at  certain  angles,  so  as  to  produce 
&  regular  geometric  arrangement,  which  he  calls  **  a  pentagonal  network.  This 
theory  hjw  been  ably  discussed  and  controverted  by  Mr.  Hopkins,  in  his  Anniver- 
airy  Address  as  President  of  the  GeoL  Soc,  Feb.  1858. 
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Among  the  variouB  propositions  above  laid  down  (p.  164),  it  will  bo 
seen  that  the  sudden  rise  of  the  Andes  is  spoken  of  as  a  modem  event, 
but  Mr.  Darwin  has  brought  together  ample  data  in  proof  of  the  local 
persistencj  of  volcanic  action  throughout  a  long  succession  of  geological 
periods,  beginning  with  times  antecedent  to  the  deposition  of  the  oolitic 
and  cretaceous  formations  of  Chili,  and  continuing  to  the  historical 
epoch.  It  appears  that  some  of  the  paraUel  ridges  which  compose  the 
Cordilleras,  instead  of  being  contemporaneous,  were  successively  and 
slowly  upheaved  at  widely  different  epochs.  The  whole  range,  after 
twice  subsiding  some,  thousands  of  feet,  was  brought  up  agun  by  a  slow 
movement  in  mass,  during  the  era  of  the  Eocene  tertiary  formations, 
after  which  the  whole  sank  down  once  more  several  hundred  feet,  to  be 
agiun  uplifted  to  its  present  level  by  a  slow  and  often  interrupted  move- 
ment.* In  a  portion  of  this  latter  period  the  "Pampean  mud"  was 
formed,  in  which  the  Megatherium  mylodon  and  other  exiinct  quadru- 
peds are  buried.  This  mud  contains  in  it  recent  species  of  shells,  some 
of  them  proper  to  brackish  water,  and  is  believed  by  Mr.  Darwin  to  be 
an  estuary  or  delta  deposit.  M.  A.  d'Orbigny,  however,  has  advanced 
an  hypothesis  referred  to  by  M.  £.  de  Beaumont,  that  the  agitaUon  and 
displacement  of  the  waters  of  the  ocean,  caused  by  the  elevation  of  the 
Andes,  gave  rise  to  a  deluge,  of  which  this  Pampean  mud,  which  rises 
sometimes  to  the  height  of  12,000  feet,  is  the  result  and  monument.f 

In  studying  many  chains  of  mountains,  we  find  that  the  strike  or  line 
of  outcrop  of  continuous  sets  of  strata,  and  the  general  direction  of  the 
cham,  may  be  far  from  rectilinear.  Curves  forming  angles  of  20^  or  30^ 
may  be  found  in  the  same  range  as  in  the  Alleghanies ;  just  as  trains 
of  active  volcanoes  and  the  zones  throughout  which  modem  earthquakes 
occur  are  often  linear,  without  running  in  straight  lines.  Nor  are  all  of 
these,  though  contemporaneous  or  belonging  to  our  own  epoch,  by  any 
means  parallel,  but  some  at  right  angles,  the  one  to  the  other. 

Slow  upheaval  and  subsidence, — ^Recent  observations  have  disclosed 
to  us  the  wonderful  fact,  that  not  only  the  west  coast  of  South 
America,  but  also  other  large  areas,  some  of  them  several  thousand 
miles  in  circumference,  such  as  Scandinavia,  and  certain  archipelagoes  in 
the  Pacific,  are  slowly  and  insensibly  rising ;  while  other  regions,  such 
as  Greenland,  and  parts  of  the  Pacific  and  Indian  Oceans,  in  which 
atolls  or  circular  coral  islands  abound,  are  as  gradually  ankmg.  That 
all  the  existing  continents  and  submarine  abysses  may  have  originated 
in  movements  of  this  kind,  continued  throughout  incalculable  periods  of 
time,  is  undeniable,  and  the  denudation  which  the  dry  land  appears 
everywhere  to  have  suffered,  favors  the  idea  that  it  was  raised  ftom 
the  deep  by  a  succession  of  upward  movements,  prolonged  throughout 
indefinite  periods.  For  the  action  of  waves  and  currents  on  land  slowly 
emeiging  from  the  deep,  affords  the  only  power  by  which  we  can  oon- 

•  Darwin's  Oeologj  of  South  America,  p.  248.    LondoD,  1840. 
t  SysUme  de  Montagne^  p.  748. 
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eeive  so  many  deep  valleys  and  wide  spaces  to  hare  been  d^uded  as 
those  which  are  unquestioaablj  the  effects  of  numing  water. 

Bat  perhaps  it  may  be  said  that  there  b  no  analogy  between  the  slow 
upheaval  of  broad  plains  or  table-lands^  and  the  manner  in  which  we 
.  must  presume  all  mountain-chains,  with  their  inclined  strata,  to  have 
originated.  It  seems,  however,  that  the*  Andes  have  been  rising  cen- 
tuiy  after  century,  at  the  rate  of  several  feet,  while  the  Pampas  on  the 
east  have  been  raised  only  a  few  inches  in  the  same  time.  Crossing 
from  the  Atlantic  to  the  Padfic,  m  a  line  passing  through  Mendosa, 
Mr.  Darwin  traversed  a  plain  800  mfles  broad,  the  eastern  part  of 
which  has  emeiged  from  beneath  the  sea  at  a  veiy  modem  period. 
The  slope  from  the  Atlantic  b  at  first  very  gentle,  then  greater,  until 
the  traveller  finds,  on  reaching  Mendosa,  that  he  has  gained,  almost  in- 
sensibly, a  height  of  4000  feet  The  mountainous  district  then  begins 
suddenly,  and  its  breadth  from  Mendosa  to  the  shores  of  the  Pacific  is 
120  miles,  the  average  hdght  of  the  principal  chain  being  from  15,000 
to  16,000  feetk  without  including  some  prominent  peaks,  which  ascend 
much  higher.  Now  all  we  require,  to  explain  the  origin  of  the  princi- 
pal inequalities  of  level  here  described,  b  to  imagine,  first,  a  xone  of  more 
violent  movement  to  the  west  of  Mendoza,  and,  secondly,  to  the  east  of 
that  place,  an  upheaving  force,  which  died  away  gradually  as  it  ap- 
proached the  Atlandc.  In  short,  we  are  only  called  upon  to  conceive, 
that  the  region  of  the  Andes  was  pushed  up  four  feet  in  the  same  pe- 
riod in  which  the  Pampas  near  Mendoza  rose  one  foot,  and  the  plains 
near  the  shores  of  the  Atlantic  one  inch.  In  Europe  we  have  learnt 
that  the  land  at  the  North  Cape  ascends  about  five  feet  in  a  century, 
while  farther  to  the  south  the  movements  dinunbh  in  quantity  first  to  a 
foot,  and  then,,  at  Stockholm,  to  three  inches  in  a  century,  while  at  cer- 
tain points  still  farther  south  there  b  no  movement. 

But  in  what  manner,  it  b  asked,  can  we  account  for  the  great  lateral 
pressure  which  has  been  exerted  not  only  in  the  Andes,  Alps,  and  other 
chains,  but  also  on  the  strata  of  many  low  and  nearly  level  countries  ? 
Do  not  the  folding  and  fracture  of  the  beds,  the  anticlinal  and  synclinal 
ridges  and  troughs,  as  they  are  called,  and  the  vertical,  and  even  some- 
times the  inverted  position  of  the  beds,  imply  an  abruptness  and  inten- 
sity in  the  dbturbing  force  wholly  different  in  kind  and  enei^  to  that 
which  now  rends  the  rocks  during  ordinary  earthquakes  ?  I  shall  treat 
mK»«  fully  in  the  sequel  (end  of  chap.  S2)  of  the  probable  subterranean 
sources,  whether  of  upwuti  or  downward  movement,  and  of  great  lateral 
pressure ;  but  it  may  be  well  briefly  to  state  in  thb  place  that  in  our 
own  times,  as,  for  example,  in  Chili,  in  1822,  the  volcanic  force  has 
overcome  the  resbtance,  and  permanently  uplifted  a  country  of  such 
vast  extent  that  the  weight  and  volume  of  the  Andes  must  be  insignifi- 
cant in  comparison,  even  if  we  indulge  the  most  moderate  conjectures  as 
to  the  thickness  of  the  earth's  crust  above  the  volcanic  foci. 

To  assume  that  any  set  of  Arata  with  which  we  are  acquainted  are 
made  up  of  such  cohesive  and  unyielding  materiab,  as  to  be  -able  to 
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resist  a  power  of  such  stup^dom  enoi^,  if  its  direetion,  iiulead  of 
being  vertical,  happened  to  be  oblique  or  horizontal,  would  be  extremely 
rash.  Btit  if  they  could  yield  to  a  sideway  thviiet,  even  in  a  sl^t  de* 
gree,  they  woald  become  equeeied  and  fdded  to  any  amount  if  sub- 
jected for  a  Buffldent  number  of  times  to  the  repeated  action  of  tho 
same  force.  We  can  scarcely  doubt  that  a  mass  of  rock  several  milea 
thick  was  ilplifted  m  Chili  m  1829  and  1835,  and  that  a  much  greater 
volume  of  sohd  matter  is  upheaved  wherever  the  rise  of  the  land  is  very 
gradual,  tia  in  Scandinavia,  the  development  of  heat  being  probably,  in 
that  region,  at  a  greater  distance  from  the  surikoe.  If  coBtinents* 
rocked,  shaken,  and  fissured,  like  the  western  region  of  Booth  America^ 
or  very  gently  elevated,  like  Norway  and  Sweden,  do  not  acquire  in  a 
few  days  or  hours  a&  Iftdditional  height  of  several  thousand  feet,  this 
can  arise  fh>m  no  lack  of  mechanical  force  in  the  subterranean  moving 
cause,  but  simply  because  the  antagonist  power,  or  the  strength,  tough* 
ness,  and  denaty  of  the  earth's  crust  is  insufficient  to  resist,  so  long,  aa 
to  allow  the  volcanic  energy  an  mdefinite  time  to  accumulate.  Instead 
of  the  explosive  charge  augmenting  in  quantity  for  countless  ages,  it 
finds  relief  continuously,  or  by  a  succession  of  shocks  of  moderate  vio- 
lence, 60  as  never  to  burst  or  blow  up  the  covering  of  incumbent  rock 
in  one  grand  paroxysmal  convulsion.  Even  in  its  most  energetic  efforts 
it  displays  an  intermittent  and  mitigated  intensity^  being  never  permit- 
ted to  lay  a  whole  continent  in  ruins.  Hence  the  numerous  eruptions 
of  lava  from  the  same  vent,  or  chain  of  vents,  and  the  recurrence  of 
similar  earthquakes  for  thousands  of  years  along  certain  areas  or  zones 
of  country.  Hence  the  numerous  monuments  of  the  successive  ejection 
and  injection  of  melted  matter  in  ancient  g^logical  epochs,  and  the  fis- 
sures formed  in  distinct  ages,  and  often  widened  and  filled  at  differ- 
ent eras. 

Among  the  causes  of  lateral  pressure,  the  expansion  by  heat  of  large 
masses  of  solid  stone  intervening  between  others  which  have  a  diflerent 
degree  of  expansibility,  or  which  happen  not  to  have  their  temperature 
raised  at  the  same  time,  may  play  an  important  part  But  as  we  know 
that  rocks  have  so  often  sunk  down  thousands  of  feet  below  their  or^« 
nal  level,  we  can  hardly  doubt  that  much  of  the  bending  of  pliant 
strata,  and  the  packing  of  the  same  ihto  smaller  spaces,  has  frequentiy 
been  occasioned  by  subsidence.  Whether  the  failure  of  support  be 
produced  by  the  melting  of  porous  rooks,  which,  when  fluid,  and  sub- 
jected to  great  pressure,  may  occupy  less  room  than  before,  or  which, 
by  passing  from  a  pasty  to  a  crystalline  condition,  may,  as  in  the  case 
of  granite,  according  to  the  experiments  of  Deville^  suffer  a  contraction 
of  10  per  cent.,  or  whether  the  sinking  be  due  to  the  subtraction  of 
lava  driven  elsewhere  to  some  volcanic  mfice,  and  thero  forced  out- 
wards, or  whether  it  be  brought  on  by  the  shrinking  of  solid  and  stony 
masses  during  refrigeration,  or  by  the  condensation  of  gases,  or  any 
other  imaginable  canse,  we  have  no  reason  to  incline  to  theT  idea  that 
the  consequent  geological  changes  are  brought  about  so  suddenly,  aa 
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thai  large  parts  of  ocmtinenU  are  vwaliowti  jxp  at  once  in  nafiithomable 
sublenraiieaQ  lyases.  If  caTiiies  be  foimed,  they  will  be  ea]ai;ged 
gradually,  and  aa  gradually  filled.  We  lead,  iwieed»  aeeoootii  of;  eii«- 
gdphed  cities  and  areas  of  limited  ezteoit  whiah.have  souk  down  many 
yards  at  once ;  bat  we  have  as  yet  do  autheoiie  xeeofda  «f  the  sadden 
disappearance  of  moontaiBB,  or  the  submeigeaoe  or  eraeigenoe  ci  great 
islands.  On  the  ether  hand*  the  creeps  in  coal  mines*  demonstrate 
that  gravitation  begins  to  act  as  soon  as  a  moderate  quantity  of  matter 
w  remoyed  even  at  a  great  depth.  The  roof  sinks  in,  or  the  floor  of  the 
mine  rises,  and  the  bent  stmta;  often  asBnme  as  regnlarly  a  enrved  and 
ommpled  arraageoient  as  that  observed  on  c  gvander  scsle  in  monifr* 
tain-ehains.  The  absence,  indeed,  of  chaotic  disorder,  and  the  regu- 
iarity  of  thej^Kcationsin  geological  formations  of  hi^  antiquity,  al- 
though not  unfrequently  adduced  to  prove  the  iftiity.  and  instantaneous* 
ness  of  the  disturUng  force,  might  with  far  greater  pioprijsty  be  brought 
forward  aa  aft  argument  in  favor  of  the  successive  application  of  some 
iiresistable  but  moderated  force,  such  as  that  which  can  elevate  or  de- 
press a  continent. 

In  conduaion,  I  may  observe  that  one  of  the  soundest  objections  to 
the  theory  of  the  sudden  upthrow  or  downthrow  of  mountsin-ohains  is 
thisy  that  it  provides  us  with  too  much  force  of  one  hind,  namely,  that 
of  subterrsnean  movement,  while  it  deprives  us  of  another  kiad  of  me- 
ehanical  forces  namely,  that  exerted  by  the  waives  and  currents  of  the 
ocesn,  which  the  gecdogist  requires  for  the  denudation  of  land  during  its 
dow  upheaval  or  depression.  It  may  be  safely  affirmed  that  the  quan* 
tity  of  igneoftts  and  aqueous  action,-'-^f  voloamc  erupticto  and  denuda* 
tion,— of  Bubtemnean  movement  and  sedimentary  deposition,--not 
only  of  past  ages,. but  of  one  geological  epoch,  or  even  the  fraction  of 
an  epoch,  has  exceeded  immeasurably  all  the  fluctuations  of  the  inor- 
ganic world  which  have  been  witnessed  by  man.  But  we  have  still  to 
inquke  whether  the  time  to  wluch  each  chapter  or  page  or  paragraph 
of  the  earth's  antobiograpfay  relates,  was  not  equally  immense  when 
eontrMted  with  a  brief  era  of  8000  or  5000  years.  The  real  point  on 
which  ^e  whole  controversy  tuns,  is  the  rdative  amount  of  work  done 
by  mechanical  fcHxe  in  given  quantities  of  time,  past  and  present.  Be- 
fore  we  can  determine  the  rdative  intensity  of  the  force  employed,  we 
must  have  some  fixed  standard  by  which  to  measure  the  time  expended 
in  its  development  at  two  distinct  periods.  It  is  not  the  magnitude  of 
the  effects,  however  gigantic  their  proportions,  which  can  inform  us  in 
the  slightest  degiee  whether  the  operation  was  sudden  or  gradual,  in- 
sensible or  paroxysmal  It  must  be  shown  that  a  sbw  process  could 
never  in  any  series  of  ages  give  rise  to  the  same  results. 

The  advocate  of  paroxysmal  energy  might  assume  a  uniform  and 
fixed  rate  of  variation  in  times  past  and  present  for  the  animate  world, 
that  is  ta  say,  for  the  dying-out  and  coming-in  of  spedes,  and  then  en- 

e  See  Lyell^s  Kairaia  of  Elementary  Geology,  di.  6. 
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deavor  to  prove  that  the  changes  of  the  inanimate  world  have  not  gone 
on  in  a  corresponding  ratio.  But  the  adoption  of  suclu  a  standard  of 
comparison  would  lead,  I  suspect,  to  a  theory  hy  no  means  favorable  to 
the  pristine  intensity  of  natural  causes.  That  the  present  state  of  the 
organic  world  is  not  stationary,  can  be  fairly  inferred  from  the  fact,  that 
some  species  are  known  to  have  become  extinct  in  the  course  even  of 
the  last  three  centuries,  and  that  the  exterminating  causes  always  in 
activity,  both  on  the  land  and  in  the  waters,  are  very  numerous ;  also, 
because  man  himself  is  an  extremely  modem  creation ;  and  we  may 
therefore  reasonably  suppose  that  some  of  the  mammalia  now  contem- 
porary with  man,  as  well  as  a  variety  of  species  of  inferior  classes,  may 
have  been  recently  introduced  into  the  earth,  to  supply  the  places  of 
plants  and  animals  which  have  from  time  to  time  disappeared.  Bat 
granting  that  some  such  secular  variation  in  the  zoological  and  botani- 
cal worlds  is  going  on,  and  is  by  no  means  wholly  inappreciable  to  the 
naturalist,  still  it  is  certainly  far  less  manifest  than  the  revolution  always 
in  progress  in  the  morganic  world.  Every  year  some  volcanic  eruptions 
take  place,  and  a  rude  estimate  might  be  made  of  the  number  of  cubic 
feet  of  lava  and  scorise  poured  or  cast  out  of  various  craters.  The 
amount  of  mud  and  sand  deposited  in  deltas,  and  the  advance  of  new 
land  upon  the  sea,,  or  the  annual  retreat  of  wasting  sea-clifiis,  are  changes 
the  minimum  amount  of  which  might  be  roughly  estimated.  The  quan- 
tity of  land  raised  above  or  depressed  below  the  level  of  the  sea  might 
also  be  computed,  and  the  change  arising  from  such  movements  in  a 
century  might  be  conjectured.  Suppose  the  average  rise  of  the  land  in 
some  parts  of  Scandinavia  to  be  as  much  as  five  feet  in  a  hundred  years, 
the  present  sea-coast  might  be  uplifted  700  feet  in  fourteen  thousand^ 
years ;  but  we  should  have  no  reason  to  anticipate,  from  any  zoological 
data  hitherto  acquired,  that  the  molluscous  fauna  of  the  northern  aeaa 
would  in  that  bpse  of  years  undergo  any  sensible  amount  of  variation. 
We  discover  sea-beaches  in  Norway  700  feet  high,  in  which  the* shells 
are  identical  with  those  now  inhabiting  the  (German  Ocean ;  for  the  rise 
of  land  in  Scandinavia,  however  insensible  to  the  inhabitants,  has  evi- 
dentiy  been  rapid  when  compared  to  the  rate  of  contemporaneous  change 
in  the  testaceous  fauna  of  the  German  Ocean.  Were  we  to  wait  there- 
fore until  the  moUusca  shall  have  undeiigone  as  much  fluctuation  as 
they  underwent  between  the  period  of  the  Lias  and  the  Upper  Oolite 
formations,  or  between  the  Oolite  and  Chalk,  nay,  even  between  any 
two  of  eight  subdivisions  of  the  Eocene  series,  what  stupendous  revolu- 
tions in  physical  geography  ought  we  not  to  expect,  and  how  many 
mounUun-cliains  might  not  be  produced  by  the  repetition  of  shocks  of 
moderate  violence,  or  by  movements  not  even  perceptible  by  man  t 

Or,  if  we  turn  from  the  moUusca  to  the  vegetable  kingdom,  and  ask 
the  botanist  how  many  earthquakes  and  volcanic  eruptions  might  be 
expected,  and  how  much  the  relative  level  of  land  and  sea  might  be 
altered,  or  how  far  the  principal  deltas  will  encroach  upon  the  ocean, 
or  the  sea-clL&  recede  from  the  present  shores,  before  the  species  of 
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European  forest-trees  trill  die  out,  he  would  reply  that  such  alterations 
in  the  inanimate  world  might  be  multiplied  indefinitely  before  he  should 
haye  reason  to  anticipate,  by  reference  to  any  known  data,  that  the  ex- 
isting species  of  trees  in  our  forests  would  disappear  and  give  place  to 
others.  In  a  word,  the  movement  of  the  inoiganic  world  is  obvious  and 
palpable,  and  might  be  likened  to  the  minute-hand  of  a  clock,  the  pro- 
gress of  which  can  be  seen  and  heard,  whereas  the  fluctuations  of  the 
living  creation  are  nearly  invisible,  and  resemble  the  motion  of  the  hour- 
hand  of  a  timepiece.  It  is  only  by  watching  it  attentively  for  some 
time,  and  comparing  its  relative  position  after  an  interval,  Uiat  we  can 
prove  the  reality  of  its  motion.* 


CHAPTER  XIL 


DIFTERKirOS  IN  TXZTUBB  OV  TBX   OLDBB  AND   NBWXR  ROOKS. 

Oolttolidatioii  of  foflnliferoiu  strat*— Some  deponts  originally  aolid— Tranution 
and  daty  texture— Crystalline  character  of  Platonic  and  Metamorphic  rocka*- 
Theory  of  their  origin — ^EsBentially  subterranean — 'So  prooft  that  they  were 
produced  more  abundantly  at  remote  perioda 

Another  argument  in  favor  of  the  dissimilarity  of  the  causes  opera* 
ting  at  remote  and  recent  eras  has  been  derived  by  many  geologists  from 
the  more  compact,  stony,  and  crystalline  texture  of  the  older  as  com- 
pared with  the  newer  rocks. 

Comolidatum  of  strata. — ^This  subject  may  be  considered,  first  in 
reference  to  the  fossiliferous  strata;  and,  secondly,  in  reference  to 
those  crystalline  and  stratified  rocks  which  contain  no  organic  remiuns» 
such  as  gneiss  and  mica-schist.  There  can  be  no  doubt  that  the  former 
of  these  classes,  or  the  fossiliferous,  are  generally  more  compact  and 
stony  in  proportion  as  they  are  more  ancient.  It  is  also  certain  that  a . 
great  part  of  them  were  originally  in  a  soft  and  incoherent  state,  and 
that  they  have  been  »nce  consolidated.  Thus  we  find  occasionally 
that  shingle  and  sand  have  been  agglutinated  firmly  tc^ther  by  a  fer- 
mginom  or  siliceous  cement,  or  that  lime  in  solution  has  been  intro- 
duced, so  as  to  bind  together  materials  previously  mooherent.  Organio 
remains  have  sometimes  suffered  a  singular  transformation,  as  for  ez- 

*  See  the  Author's  Anniversary  Address,  Quart  Joum.  Oeol.  Soc.  1850,  voL 
vi  p^  40,  from  which  some  of  the  above  passages  are  extracted. 
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pie,  where  ehelK  coFab»  and  wood  are  aOioified*  their  ealcareoiia  et 
ligneous  matter  having  been  replaced  by  nearly  pore  uliea.  The  con* 
sdiuents  of  some  beds  have  probably  set  and  become  hard  for  the  first 
time  when  they  emeiged  from  beneath  the  water. 

But»  on  the  other  hand,  we  observe  m  certain  formations  now  in  pro* 
gross,  particularly  in  coral  reefs,  and  in  deposits  from  the  waters  of 
mmersl  springs,  both  calcareous  and  siliceous,  that  the  texture  of  rocks 
may  sometimes  be  stony  from  the  first  This  circumstance  may  ao~ 
count  for  exceptions  to  the  general  rule,  not  unfrequently  met  with, 
where  solid  strata  are  superimposed  on  others  of  a  plastic  and  iuoohe* 
rent  nature,  as  in  the  neighborhood  of  Paris,  where  the  tertiary  forma- 
tions, consisting  often  of  compact  limestone  and  siliceous  grit,  are  mor» 
stony  than  the  subjacent  chalik. 

It  will  readily  be  understood,  that  the  various  solidifying  causes,  in* 
eluding  those  above  enumerated,  together  with  the  pressure  of  incum- 
bent rocks  and  the  influence  of  subterranean  heat,  must  all  of  them 
require  time  in  order  to  exert  their  full  power.  If  in  the  course  of  ages 
they  modify  the  aspect  and  internal  structure  of  stratified  deposits,  they 
wiU  give  rise  to  a  general  distinctness  of  character  in  the  older  as  con- 
trasted with  the  newer  formations.  But  this  distinctness  will  not  be 
the  consequence  of  any  original  diversity ;  they  will  be  unlike,  just  as 
the  wood  in  the  older  trees  of  a  forest  usually  differs  in  texture  and 
hardness  from  that  of  yoimger  individuab  of  the  same  species. 

Tranaition  texture, — ^In  the  original  classification  of  Werner,  the 
highly  ciystaUine  rocks,  such  as  granite  and  gneiss,  which  contain  no 
organic  remains,  were  called  primary,  and  the  fossiliferous  strata  sec- 
ondary, while  to  another  class  of  an  age  intermediate  between  the 
primary  and  secondary  he  gave  the  name  of  transition.  They  were 
termed  transition  because  they  partook  in  some  degree  in  their  mineral 
composition  of  the  nature  of  the  most  crystalline  rocks,  such  as  gneiss 
and  mica-schist,  while  they  resembled  the  fossiliferous  series  in  contain- 
ing occasionally  organic  remains,  and  exhibiting  evident  signs  of  a  me- 
chanical origin.  It  was  at  first  imagined,  that  the  rocks  having  this  in- 
termediate texture  had  been  all  deposited  subsequently  to  the  series 
called  primary,  and  before  all  the  more  earthy  and  fossiliferous  forma* 
tions.  But  when  the  relative  position  and  organic  remains  of  these 
transition  rocks  were  better  understood,  it  was  perceived  that  they  did 
not  all  belong  to  one  period.  On  the  contrary,  the  same  mineral  char- 
acters were  foimd  in  strata  of  very  different  ages,  and  some  formations 
occurring  in  the  Alps,  which  several  of  the  ablest  scholars  of  Werner 
had  determined  to  be  transition,  were  ultimately  ascertained,  by  means 
of  their  fossil  contents  and  position,  to  be  members  of  the  Cretaceous, 
and  even  of  the  nummulitic  or  Eocene  period.  These  strata  had,  in 
fact,  acquired  the  transition  texture  from  the  influence  of  causes  ^^hich^ 
since  their  deposition,  had  modified  their  internal  arrangement. 

Texture  and  origin  of  Plutonic  and  metamorpMc  rocks, — ^Among  the 
most  singular  of  tiie  changes  superinduced  on  rocks,  we  have  occasion- 
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aUy  to  inelude  the  slaty  texture,  the  divisumal  planes  of  which  some^ 
times  iatersect  the  true  planes  of  stratification,  and  even  pass  directly 
through  imbedded  fossib.  If,  then,  the  crystalline,  the  sbity,  and  other 
modes  of  arrangement,  once  deemed  characteristic  of  certain  periods  in 
the  history  of  the  earth,  have  in  reality  been  assumed  by  fossiliferous 
rocks  of  different  ages  and  at  different  times,  we  are  prepued  to  inquire 
whether  the  same  may  not  be  true  of  the  most  highly  crystalline  state, 
such  as  that  of  gneiss,  mica-schist,  and  statuary  marble.  That  the 
peculiar  chaiaoteristics  of  such  rocks  are  really  due  to  a  variety  of  modi- 
fying causes  has  long  been  suspected  by  many  geologists,  and  the 
doctrine  has  gained  ground  of  late,  although  a  considerable  difference 
of  opinion  still  prevails.  According  to  the  orij^nal  Neptunian  theory, 
aU  the  crystalline  formations  were  precipitated  from  a  universal  men- 
struum or  chaotic  fluid  antecedently  to  the  creation  of  animals  and 
plants,  the  unstratified  granite  having  been  first  thrown  down  so  as  to 
serve  as  a  floor  or  foundation  on  which  gneiss  and  other  stratified 
rocks  m^ht  repose.  Afterwards,  when  the  igneous  origin  of  granite 
was  no  longer  disputed,  many  conceived  that  a  thermal  ocean  envel- 
oped the  globe,  at  a  time  when  the  first-formed  crust  of  graiute  was 
cooling,  but  when  it  still  retained  much  of  its  heat.  The  hot  waters 
of  this  ocean  held  in  solutbn  the  ingredients  of  gneiss,  mica-schist, 
hombiende-Bchist^  clay-slate,  and  marble,  rocks  which  were  precipi- 
tated, one  after  the  other,  in  a  crystalline  form.  No  fossils  could  be 
inclosed  in  them,  the  high  temperature  of  the  fluid  and  the  quantity  of 
mineral  matter  which  it  held  in  solution,  rendering  it  unfit  for  the  sup- 
port of  organic  beings. 

It  would  be  inconsistent  with  the  plan  of  this  work  to  enter  here  into 
a  detailed  account  of  what  I  have  elsewhere  termed  the  metamarphic 
theory  ;*  but  I  may  state  that  it  is  now  demonstrable  in  some  countries 
thatfossiliferotts  formations,  some  of  them  of  the  age  of  the  Silurian 
strata^  as  near  Christiana  in  Nprway,  others  belonging  to  the  Oolitic 
period,  as  around  Carrara  in  Italy,  have  been  converted  partially  into 
gnetas,  mica-schist,  and  statuary  marble.  The  transmutation  has  been 
effected  apparently  by  the  influence  of  subterranean  heat,  acting  under 
great  pressure,  or  by  chemical  and  electrical  causes  operating  in  a  man- 
no:  not  yet  understood,  and  which  have  been  termed  PlutatUe  action, 
as  expressing,  in  one  word,  all  the  modifying  causes  which  may  be 
brought  into  play  at  great  depths,  and  under  conditions  never  exempli- 
fied at  the  surface.  To  this  Plutonic  action  the  fusion  of  granite  itself 
in  the  bowels  of  the  earth,  as  well  as  the  superinducement  of  the  meta- 
morphic  texture  into  sedunentary  strata,  must  be  attributed ;  and  in 
accordance  with  these  views  the  age  of  each  metamorphic  formation 
may  be  said  to  be  twofold,  for  we  have  first  to  consider  the  period 
whra  it  originated,  as  an  aqueous  deposit,  in  the  form  of  mud,  sand, 
marl,  or  limestone ;  secondly,  the  date  at  which  it  acquired  a  crystalline 

*  See  Lyell's  Manual  of  Elementary  Geology. 
12 
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textore.  The  same  strata^  therefore,  may,  according  to  this  view, 
be  very  ancient  in  reference  to  the  time  of  their  deposiUon,  and  very 
modem  in  regard  to  the  period  of  their  assuming  the  metamorphic 
character. 

No  proof 9  that  these  crystalline  rocks  were  produced  more  abundantly 
at  remote  periods, — Several  modem  writers,  without  denying  the  truth 
of  the  Plutonic  or  metamorphic  theory,  still  contend  that  the  crystalline 
and  non-fossiliferous  formations,  whether  stratified  or  unstratified,  sucli 
as  gneiss  and  granite,  are  essentiaUy  ancient  as  a  class  of  rocks.  They 
were  generated,  say  they,  most  abundantly  in  the  primeval  state  of 
the  globe,  sitkce  which  time  the  quantity  produced  has  been  always  on 
the  decrease,  until  it  became  very  inconsiderable  in  the  Oolitic  and  Cre- 
taceous periods,  and  quite  evanescent  before  the  commencement  of  the 
tertiary  epoch. 

Now  the  justness  of  these  views  depends  almost  entirely  on  the  ques- 
tion whether  granite,  gneiss,  and  other  rocks  of  the  same  order  ever 
originated  at  the  surface,  or  whether,  according  to  the  opinions  above 
adopted,  they  are  essentially  subterranean  in  their  origin,  and  therefore 
entitled  to  the  appellation  of  hypogene.  If  they  were  formed  super- 
ficially in  their  present  state,  and  as  copiously  in  the  modem  as  in  the 
more  ancient  periods,  we  ought  to  see  a  greater  abundance  of  tertiary 
and  secondary  than  of  primary  granite  and  gneiss ;  but  if  we  adopt  the 
hypogene  theory  before  explained,  their  rapid  diminution  in  volume 
among  the  visible  rocks  in  the  earth's  crust  in  proportion  as  we  investi- 
gate the  formations  of  newer  date,  is  quite  intelligible.  If  a  melted 
mass 'of  matter  be  now  cooling  very  slowly  at  the  depth  of  several 
miles  beneath  the  crater  of  an  active  volcano,  it  must  remain  invisible 
until  great  revolutions  in  the  earth's  crust  have  been  brought  about 
So  also  if  stratified  rocks  have  been  subjected  to  Plutonic  action,  and 
after  having  been  baked  or  reduced  to  semi-fusion,  are  now  cooling  and 
crystallizing  far  under  ground,  it  will  probably  require  the  lapse  of 
many  periods  before  they  will  be  forced  up  to  the  surface  and  exposed 
to  view,  even  at  a  single  point.  To  effect  this  purpose  there  may  be 
need  of  as  great  a  development  of  subterranean  movement  as  that  which 
in  the  Alps,  Andes,  and  Himalaya  has  raised  marine  strata  containing 
ammonites  to  the  height  of  8000,  14,000,  and  16,000  feet.  By  parity 
of  reasoning  we  can  hardly  expect  that  any  hypogene  rocks  of  the 
tertiary  periods  will  have  been  brought  within  the  reach  of  human 
observation,  seeing  that  the  emergence  of  such  rocks  must  always  be  so 
long  posterior  to  the  date  of  their  origin,  and  still  less  can  formations 
of  this  class  become  generally  visible  until  so  much  time  has  elapsed  as 
to  confer  on  them  a  high  relative  antiquity.  Extensive  denudation  must 
also  combine  with  upheaval  before  they  can  be  displayed  at  the  surface 
throughout  wide  areas. 

All  geologists  who  reflect  on  subterranean  movements  now  going  on» 
and  the  emptions  of  active  volcanoes,  are  convinced  that  great  changes 
are  now  continually  in  progress  in  the  interior  of  the  earth's  crust  for  out 
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of  sight.  They  must  be  conscious,  therefore,  that  the  iuaccesdbility  of 
the  regions  in  which  these  alterations  are  taking  place,  compels  them  to 
remain  in  ignorance  of  a  great  part  of  the  working  of  existing  causes,  so 
that  they  can  only  form  vague  conjectures  in  regard  to  the  nature  of  the 
products  which  volcanic  heat  may  elaborate  under  great  pressure. 

But  when  they  find  in  mountain-chains  of  high  antiquity,  that  what 
was  once  the  interior  of  the  earth's  crust  has  since  been  forced  outwards 
and  exposed  to  view,  they  will  naturally  expect  in  the  examination  of 
those  mountainous  regions,  to  have  an  opportunity  of  gratifying  their 
curiosity  by  obtaining  a  sight  not  only  of  the  superficial  strata  of  remote 
eras,  but  also  of  the  contemporaneous  nether-formed  rocks.  Having 
recognized,  therefore,  in  such  mountain- chains  some  ancient  rocks  of 
aqueous  and  volcanic  origin,  corresponding  in  character  to  superficial 
formations  of  modem  date,  they  will  regard  any  other  class  of  ancient 
rocks,  such  as  granite  and  gneiss,  as  the  rmdual  phenomena  of  which 
they  are  in  search.  These  latter  rocks  will  not  answer  the  expectations 
previously  formed  of  their  probable  nature  and  texture,  unless  they  wear 
a  foreign  and  mysterious  aspect,  and  have  in  some  places  been  fused  or 
altered  by  subterranean  heat ;  in  a  word,  unless  they  differ  wholly  from 
the  fossiliferous  strata  deposited  at  the  surface,  or  from  the  lava  and 
scoriae  thrown  out  by  volcanoes  in  the  open  air.  It  is  the  total  distinct- 
ness, therefore,  of  crystalline  formations,  such  as  granite,  hornblende- 
schisty  and  the  rest,  from  every  substance  of  which  the  origin  is  familiar 
to  us,  that  constitutes  their  claim  to  be  regarded  as  the  effects  of  causes 
now  in  action  in  the  subterranean  regions.  They  belong  not  to  an. order 
of  things  which  has  passed  away ;  they  are  not  the  monuments  of  a 
primeval  period,  bearing  inscribed  upon  them  in  obsolete  characters  the 
words  and  pbrasos  of  a  dead  language ;  but  they  teach  us  that  part  of 
the  living  language  of  nature,  which  we  cannot  learn  by  our  daily  inter* 
course  with  what  passes  on  the  habitable  surface. 


CHAPTER  Xin. 

trniFORHTlT  nr  THB   BBRIBS  of  PABT  charges  IK  THS  AKIICATB  AND 
INANIMATB  WOELD. 

Sappoaed  idtenuite  periods  of  repose  and  disorder— Obsenred  &ct§  in  which  this 
doctrine  has  originated — ^These  may  he  explained  by  supposing  a  uniform  and 
uninterrupted  series  of  changes — ^Threefold  consideration  of  this  subject ;  first,  in 
reference  to  the  living  creation,  extinction  of  species,  and  origin  of  new  animals 
and  plants ;  secondly,  in  reference  to  the  changes  produced  in  the  earth^s  cnistby 
the  oontinitsnce  of  subterrsaeta  movements  in  certain  areas,  and  their  transference 
after  long  periods  to  new  areas ;  thirdly,  in  reference  to  the  laws  which  govern 
the  formation  of  fossiliferous  strata,  and  the  shifting  of  the  areas  p{  sedimentary 
deposition — On  the  combined  influence  of  all  these  modes  and  causes  of  change 
in  producing  breaks  and  chasms  in  the  chain  of  records — Concluding  remarks 
on  the  identity  of  the  ancient  and  present  system  of  terrestrial  changes. 

Origin  of  the  doctrine  of  aitemate  periods  of  repose  and  disorder, — ^It 
has  been  truly  observed,  that  when  we  arrange  the  fossiliferous  forma- 
tions in  chronolc^oal  order,  they  constitute  a  broken  and  defective  series 
of  monuments :  we  pass  without  any  intermediate  gradations,  from  sys- 
tems of  strata  which  are  horizontal  to  other  systems  which  are  highly 
mcltned,  from  rocks  of  peculiar  mineral  composition  to  others  which  have 
a  character  wholly  distinct, — ^from  one  assemblage  of  organic  remains  to 
another,  in  which  frequently  all  the  species,  and  most  of  the  genera,  are 
different  These  violations  of  continuity  are  so  common,  as  to  constitute 
the  rule  rather  than  the  exception,  and  they  have  been  considered  by 
many  geologists  as  conclusive  in  favor  of  sudden  revolutions  in  the  inani- 
mate and  animate  world.  According  to  the  speculations  of  some  writers, 
there  have  been  in  the  past  history  of  the  planet  aitemate  periods  of 
tranquillity  and  convulsion,  the  former  enduring  for  ages,  and  resembling 
that  state  of  things  now  experienced  by  man :  the  other  brief,  transient, 
and  paroxysmal,  giving  rise  to  new  mountains,  seas,  and  valleys,  anmhi- 
lating  one  set  of  organic  beings,  and  ushering  in  the  creation  of  another. 

It  will  be  the  object  of  the  present  chapter  to  demonstrate,  that  these 
theoretical  views  are  not  borne  out  by  a  fair  interpretation  of  geological 
monuments.  It  is  true  that  in  the  solid  framework  of  the  globe,  we 
have  a  chronological  chain  of  natural  records,  and  that  many  links  in  this 
chain  arc  wanting;  but  a  careful  consideration  of  all  the  phenomena 
will  lead  to  the  opinion  that  ihe  series  was  originally  defective, — ^that  it 
has  been  rendered  still  more  so  by  time — ^that  a  great  part  of  what  re- 
mains is  inaccessible  to  man,  and  even  of  that  fraction  which  is  accessible, 
nine-tenths  are  to  this  day  unexplored. 

ffovf  the  facts  may  he  explained  by  assuming  a  uniform  series  of 
changes, — ^The  readiest  way,  perhaps,  of  persuading  the  reader  that  we 
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may  dispense  with  great  and  sudden  revolutions  in  the  geological  order 
of  events,  is  by  showing  him  how  a  regular  and  unmterrupted  series  of 
changes  in  the  animate  and  inanimate  world  may  give  rise  to  such  breaks 
in  the  sequence,  and  sueh  unconformability  of  stratified  rocks,  as  are 
usually  thought  to  imply  convulsions  and  catastrc^hes.  It  is  scarcely 
necessary  to  state,  that  the  order  of  events  thus  assumed  to  occur,  for 
the  sake  of  illuslnticm,  must  be  in  harmony  with  all  the  conclusions 
Intimately  drawn  by  geologists  from  the  structure  of  the  earth,  and 
must  be  equally  in  accordance  with  the  changes  obsored  by  man  to  be 
now  going  on  in  the  Mng  as  well  as  in  the  inorganic  crsatioo.  It  may 
be  necessary  in  the  present  state  of  science  to  supply  seme  part  of  the 
assumed  course  of  nature  hypothetically ;  but  /  so,  this  must  be  done 
without  any  violation  of  probability,  and  always  consistently  with  the 
analogy  of  what  is  known  both  of  the  past  and  present  economy  of  our 
system*  Although  the  discussion  of  so  comprehensive  a  subject  must 
carry  the  begmner  far  beyond  his  depth,  it  will  also,  it  is  hoped,  stimu* 
late  his  curiosity,  and  prepare  him  to  read  some  elementary  treatises  on 
geology  with  advantage,  and  teach  him  the  bearing  on  that  science  of 
Uie  changes  now  in  progress  on  the  earth.  At  the  same  time  it  may 
enable  him  the  better  to  understand  the  intimate  connection  between 
the  second  and  third  books  of  this  work,  the  former  of  which  is  occupied 
with  the  changes  in  the  inorganic,  the  latter  with  those  of  the  organic 
creation. 

In  pursuance,  then,  of  the  plan  above  proposed,  I  shall  conuder  in 
this  chapter,  first,  what  may  be  the  course  of  fluctuation  in  the  animate 
worid;  secondly,  the  mode  in  which  contemporaneous  subterranean 
movements  affect  the  earth's  crust;  and,  thirdly,  the  laws  which  r^u- 
late  the  deposition  of  sediment 

TTMIFORMirr  OF   CHAKQB   COIfSIDXRBD  TIBST   IV  BBFBRXNCK   TO  THB 
LIVING   ORBATIOK. 

First,  in  regard  to  the  vicissitudes  of  the  living  creation,  all  are  agreed 
that  the  sedimentary  strata  found  in  the  earth's  crust  are  dividble  into 
a  variety  of  groups,  more  or  less  dissimilar  in  their  organic  remains  and 
mineral  composition.  The  conclusion  umversally  drawn  from  the  study 
and  comparison  of  these  fossiliferous  groups  is  this,  that  at  successive 
periods  distinct  tribes  of  animals  and  plants  have  inhabited  the  land  and 
waters,  and  that  the  organic  types  of  the  newer  formations  are  more 
anak)gou8  to  species  now  existing,  than  those  of  more  ancient  rocks.  If 
we  then  turn  to  the  present  state  of  the  animate  creation,  and  inquire 
whether  it  has  now  become  fixed  and  statk)nary,  we  discover  that^  on 
the  contrary,  it  is  in  a  state  of  continual  flux — that  there  are  maAy 
causes  In  action  which  tend  to  the  extinction  of  species,  and  which  are 
eonehisive  against  the  doctrine  of  their  unlimited  durability.  But  natu* 
ral  history  has  been  successfully  cultivated  for  so  short  a  period,  that  a 
few  examples  only  of  local,  and  perhaps  but  one  or  two  of  absolute,  extiiv 
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pation  can  as  yet  be  proved,  and  these  only  where  the  interference  of  man 
has  been  conspicuous.  It  will  nevertheless  appear  evident,  from  the 
facts  and  arguments  detailed  in  the  third  book  (from  the  thirty-seventh 
to  the  forty-second  chapters,  inclusive)  that  man  is  not  the  only  exter- 
minating agent ;  and  that,  independently  of  his  intervention,  the  annihi- 
lation of  species  is  promoted  by  the  multiplication  and  gradual  difiu- 
sion  of  every  animal  or  plant.  It  will  also  appear,  that  every  alteration 
in  the  physical  geography  and  climate  of  the  globe  cannot  fail  to  have 
bhe  same  tendency.  If  we  proceed  still  farther,  and  inquire  whether 
new  species  are  substituted  from  time  to  time  for  those  wh».h  die  out, 
and  whether  there  are  certain  laws  appointed  by  the  Author  of  Nature 
to  regulate  such  new  creations,  we  find  that  the  period  of  human  obser- 
vation is  as  yet  too  short  to  afford  data  for  determining  so  weighty  a 
question.  All  that  can  be  done  is  to  show  that  the  successive  introduc- 
tion of  new  species  may  be  a  constant  part  of  the  economy  of  the  ter- 
restrial system,  without  our  having  any  right  to  expect  that  we  should 
be  in  possession  of  direct  proof  of  the  fact.  The  appearance  agam  and 
again  of  new  species  may  easily  have  escaped  detection,  since  the  num- 
bers of  known  animals  and  plants  have  augmented  so  rapidly  within  the 
memory  of  persons  now  living,  as  to  have  doubled  in  some  classes,  and 
quadrupled  in  others.  It  will  also  be  remarked  in  the  sequel  (book  iii. 
chap.  43),  that  it  must  always  be  more  easy  if  species  proceeded  origi- 
nally from  single  stocks,  to  prove  that  one  which  formerly  abounded  in 
a  given  district  has  ceased  to  be,  than  that  another  has  been  called  into 
bemg  for  the  first  time.  If,  therefore,  there  be  as  yet  only  one  or  two 
unequivocal  instances  of  extinction,  namely,  those  of  the  dodo  and  soli- 
taire (see  ch.  41),  it  is  scarcely  reasonable  as  yet  to  hope  that  we  should 
be  cognizant  of  a  single  instance  of  the  first  appearance  of  a  new  species. 

Recent  origin  of  man,  and  gradual  approach  in  the  tertiary  foenU  of 
successive  periods  from  an  extinct  to  the  recent  /attna.— 7The  geologist^ 
however,  if  required  to  advance  some  fact  which  may  lend  countenance 
to  the  opinion  that  in  the  most  modem  times,  that  is  to  say,  after  the 
greater  part  of  the  existing  fauna  and  flora  were  established  on  the 
earth,  there  has  still  been  a  new  species  superadded,  may  point  to  man 
himself  as  furnishing  the  required  illustration — for  man  must  be  regarded 
by  the  geologist  as  a  creature  of  yesterday,  not  merely  in  reference  to 
the  past  history  of  the  organic  world,  but  also  in  relation  to  that  par- 
ticular state  6f  the  animate  creation  of  which  he  forms  a  part.  The 
comparatively  modem  introduction  of  the  human  race  is  proved  by  the 
absence  of  the  remains  of  man  and  his  works,  not  only  from  all  stratft 
containing  a  certain  proportion  of  fosal  shells  of  extinct  species,  but  even 
from  a  large  part  of  the  newest  strata,' in  which  all  the  fossil  individuals 
are  referable  to  species  still  living. 

To  enable  the  reader  to  appreciate  the  full  force  of  this  evidence,  I 
shall  give  a  slight  sketch  of  the  information  obtained  from  the  newet 
strata,  r^pecting  fluctuations  in  the  animate  world,  in  times  immediately 
antecedent  to  the  appearance  of  man. 
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In  tracing  the  series  of  fossfliferons  fonnations  from  the  moru  ancient 
to  the  more  modem,  the  first  deposits  in  which  we  meet  with  assem- 
blages of  organic  renuuns,  having  a  near  analogy  to  the  fauna  of  ceP' 
tam  parts  of  the  globe  in  our  own  time,  are  those  commonly  called  ter- 
tiary. Even  in  the  Eocene,  or  oldest  subdivision  of  these  tertiary 
formations,  some  few  of  tbe  testacea  belong  to  existing  species,  although 
almost  all  of  them,  and  apparently  all  the  associated  vertebrata,  are  now 
extinct.  These  Eocene  strata  are  succeeded  by  a  great  number  of 
more  modem  deposits,  which  depart  gradually  in  the  character  of  their 
fossils  frmn  the  Eocene  type,  and  approach  more  and  more  to  that  of 
the  living  creation.  In  the  present  state  of  science,  it  is  chiefly  by  the 
aid  of  shells  that  we  are  enabled  to  arrive  at  these  results,  for  of  all 
classes  the  testacea  are  the  most  generally  diffused  in  a  fossil  state,  and 
may  be  called  the  medals  principally  employed  by  nature,  in  recording 
the  chronology  of  past  events.  In  the  Miocene  deposits,  which  are 
next  in  succession  to  the  Eocene,  we  begin  to  find  a  considerable  num- 
ber, although  still  a  minority,  of  :ecent  species,  intermixed  with  some 
fossils  common  to  the  preceding  epoch.  We  then  arrive  at  the  Plio- 
cene strata,  in  which  species  now  contemporary  with  man  begin  to  pre- 
ponderate, and  in  the  newest  of  which  nine-tenths  of  the  fossils  agree 
with  species  still  inhabiting  the  neighboring  sea. 

In  this  passing  from  the  older  to  the  newer  members  of  the  tertiary 
system  we  meet  with  many  chasms,  but  none  which  separate  entirely, 
by  a  broad  line  of  demarcation,  one  state  of  the  organic  world  from  an- 
other. There  are  no  signs  of  an  abrapt  termination  of  one  fauna  and 
flcMii,  and  the  starting  mto  life  of  new  and  wholly  distinct  forms.  Al- 
though we  are  far  from  being  able  to  demonstrate  geologically  an  insen- 
sible transition  from  the  Eocene  to  the  Miocene,  or  even  from  the  latter 
to  the  recent  fauna,  yet  the  more  we  enlarge  and  perfect  our  general 
survey,  the  more  nearly  do  we  approximate  to  such  a  continuous  series, 
and  the  more  gradually  are  we  conducted  from  times  when  many  of  the 
genera  and  nearly  all  the  species  were  extinct,  to  those  in  which  scarcely 
a  single  species  flourished  which  we  >do  not  know  to  exist  at  present. 
Dr.  A.  Philippi,  indeed,  after  an  elaborate  comparison  of  the  fossil  ter- 
tiary shells  of  Sicily  with  those  now  living  in  the  Mediterranean,  an- 
nounces as  the  result  of  his  examination  that  there  are  strata  in  that 
island,  which  attest  a  very  gradual  passage  from  a  period,  when  only 
thirteen  in  a  hundred  of  the  shells  were  like  the  species  now  living  in 
the  sea,  to  an  era  when  the  recent  species  had  attained  a  proportion  of 
ninety-five  in  a  hundred.  There  is  therefore  evidence,  he  says,  in  Sicily 
of  this  revolution  in  the  animate  world  having  been  effected  "  without 
the  Intervention  of  any  convulsion  or  abrapt  changes,  certain  species 
having  from  time  to  time  died  out,  and  others  having  been  introduced, 
until  at  length  the  existing  fauna  was  elaborated." 

It  hod  often  been  objected  that  the  evidence  of  fossil  species  occun 
ring  in  two  consecutive  formations,  was  confined  to  the  testacea  or^oo- 
phytea,  the  characters  of  which  are  less  marked  and  decisive  than  those 
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afforded  by  the  vertebrate  animals.  But  Mr.  Owen  has  lately  Uisiated 
on  the  important  fact,  that  not  a  few  of  the  quadrupeds  which  now  in- 
habit our  island,  and  among  others  the  horse,  the  ass,  the  bcg»  the 
smaller  wild  ox,  the  goat,  the  red  deer,  the  roe^  the  beaver,  and  many 
of  the  diminutive  rodents,  are  the  same  as  those  which  once  coexisted 
with  the  mammoth,  the  great  northern  hippopotamus,  two  kinds  of  rhi- 
noceros, and  other  mammalia  long  since  extinct.  ''  A  part,"  he  ob- 
serves, "  and  not  the  whole  of  the  modem  tertiary  fauna  has  perished, 
and  hence  we  may  conclude  that  the  cause  of  ihw  destruction  has  not 
been  a  violent  and  universal  catastrophe  from  which  none  could 
escape."* 

Had  we  discovered  evidence  that  man  had  come  into  the  earth  at  a 
period  as  early  as  that  when  a  large  number  of  the  fossil  quadrupeds 
now  living,  and  almost  all  the  recent  species  of  land,  freshwater,  and 
marine  shells  were  in  existence,  we  should  have  been  compelled  to 
ascribe  a  much  higher  antiquity  to  our  species,  than  even  thai  boldest 
speculations  of  the  ethnologist  require,  for  no  small  part  of  the  great 
physical  revolution  depicted  on  the  map  of  Europe  (PL  3),  before  de- 
scribed, took  phice  very  gradually  after  the  recent  testaoea  abounded 
almost  to  the  exclusbn  of  the  extinct  Thus,  for  example,  in  the  de- 
posits, called  the  "  northern  drift,''  or  the  glacial  formation  of  Europe 
and  North  America,  the  fossil  marine  shells  can  easily  be  identified  with 
species  either  now  inhabiting  the  neighboring  sea,  or  living  in  the  seas 
of  higher  latitudes.  Yet  they  exhibit  no  memorials  of  the  human  mce, 
or  of  articles  fabricated  by  the  hand  of  man.  Some  of  the  newest  of 
these  strata  passing  by  the  name  of  "  raised  beaches,"  occur  at  moder- 
ate elevations  on  the  coast  of  England,  Scotland,  and  Ireland.  Other 
examples  are  met  with  on  a  more  extended  scale  in  Scandinavia,  as  al 
the  height  of  200  feet  at  Uddevalla  m  Sweden,  and  at  twice  that  eleva- 
tion, near  Christiana,  in  Norway,  also  at  an  altitude  of  600  or  700  feet 
in  places  farther  north.  They  consist  of  beds  of  sand  and  clay,  filling 
hollows  in  a  district  of  granite  and  gneiss,  and  they  must  closely  resens- 
ble  the  accumulations  of  shelly  matter  now  in  progress  at  the  bottom  of 
the  Norw^an  fiords.  The  rate  at  which  the  land  is  now  risiug  in 
Scandinavia,  is  far  too  irregular  in  different  places  to  afibrd  a  safe 
standard  for  estimating  the  minimum  of  time  required  for  the  upheaval 

*  Reports  to  Brit  Anoc.  1842, 1848,  and  Introd.  to  Brit.  Fom.  ICamm.  pi  SI. 
The  ooDcbolppcal  evidence  respecting  the  British  Miocene,  Pliocene,  and  Pleisto- 
cene fossils,  examined  by  Mr.  Forbes,  in  the  paper  before  cited,  p.  88,  note,  bear 
out  some  of  the  most  important  conclusions  of  Si  Deshayes,  quoted  b^  me  in  the 
first  edition  of  the  Principlea,  1881,  and  the  recent  observatioos  of  Pbillppi  in  re- 
gard to  the  passage  of  soedes  from  one  formation  to  another.  I  reter  to  tbeae 
authorities  more  especially  because  tljis  doctrine  of  a  gradual  transition  has  been 
opposed  by  some  living  naturalists  of  high  distinction,  among  whom  I  may  men- 
tion Jd.  A.  d*Orbigny  and  Bl  Agaaaia.  I  have  long  heen  convinced  that  we  moat 
abandon  many  of  the  identifications  formerly  made  of.  Eocene  with  recent  shells; 
hut  some  errors  of  this  kind  do  not  affect  the  general  reasoning  on  the  subject 
See  oi  discussion  oo  this  qaeation.  Quarterly  Jonm.  of  Gtoog.  Soc^  Na  6,  p,  it 
FeU  1846. 
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ci  the  fnndameDtal  gnmte,  and  its  marine  sh^Ilj  covering,  to  the  lieight 
oi  so  many  hundred  feet ;  but  accordii^  to  the  greatest  average,  of  five 
or  six  feet  in  a  century,  the  period  required  would  be  very  considerable, 
and  nearly  the  whole  of  it,  as  well  as  the  antecedent  epoch  of  submer- 
gence, seems  to  have  preceded  the  introduction  of  man  into  these  parts 
of  the  earth. 

There  are  other  post-tertiary  formations  of  fluviatile  origin,  in  the 
centre  of  Europe,  in  which  the  absence  of  human  remains  is  perhaps 
still  more  striking,  because,  when  formed,  thqr  must  have  been  sur- 
rounded by  dry  land.  I  allude  to ,  the  silt  or  loes9  of  the  basin  of  the 
Rhine,  which  must  have  gradually  filled  up  the  great  valley  of  that 
liver  since  the  time  when  its  waters,  and  the  contiguous  lands,  were  in- 
habited by  the  existing  species  of  freshivater  and  terrestrial  molluska. 
Showers  of  ashes,  thrown  out  by  some  of  the  last  eruptions  of  the  Eifel 
volcanoes,  fell  during  the  deposition  of  this  fluviatile  silt,  and  were  inter* 
stratified  with  it.  But  these  volcanoes  became  exhausted,  the  valley 
was  re-excavated  through  the  silt,  and  again  reduced  to  its  present  form 
before  the  period  of  human  lustory.  The  study,  therefore,  of  this  shelly 
alt  reveals  to  us  the  history  of  a  long  series  of  events,  which  occurred 
after  the  testacea  now  living  inhabited  the  land  and  rivers  of  Europe, 
and  the  whole  terminated  without  any  signs  of  the  coming  of  man  into 
that  part  of  the  globe* 

To  cite  a  still  more  remarkable  example,  we  observe  in  Sicily  a  lofty 
table-land  and  hills,  sometimes  rising  to  the  height  of  3000  fee^  capped 
with  a  limestone,  in  which  from  10  to  85  per  cent  of  the  fossil  testacea 
are  specifically  identical  with  those  now  inhabiting  the  Mediterranean. 
These  ccdcareous  and  other  ai^gillaceous  strata  of  the  same  age  are  inter- 
sected by  deep  valleys  which  have  been  gradually  formed  by  denuda- 
tion, but  have  not  varied  materially  in  width  or  depth  since  Sicily  was 
first  colonized  by  the  Greeks.  The  limestone,  moreover,  which  is  of  so 
late  a  date  in  geological  chronology,  was  quarried  for  building  those 
ancient  temples  of  Girgenti  and  Syracuse,  of  which  the  ruins  carry  us 
back  to  a  remote  era  in  human  history.  If  we  are  lost  in  conjectures 
when  speculating  on  the  ages  required  to  lift  up  these  formatuNos  to  the 
height  of  several  thousand  feet  above  the  sea,  how  much  more  remote 
must  be  the  era  when  the  same  rocks  were  gradually  formed  beneath 
the  waters  I 

To  conclude,  it  appears  that,  in  going  back  from  the  recent  to  the 
Eocene  period,  we  are  carried  by  many  successive  steps  from  the  fauna 
now  contemporary  with  man  to  an  assemblage  of  fossil  species  wholly  . 
different  from  those  now  living.  In  this  retrospect  we  have  not  yet  suc- 
ceeded in  tracing  back  a  perfect  transition  from  the  recent  to  an  extinct 
fauna ;  but  there  are  usually  so  many  species  in  common  to  the  groups 
which  stand  next  in  succession  as  to  show  that  there  is  no  great  chasm, 
no  signs  of  a  crisis  when  one  class  of  organic  beings  was  annihilated  to 
ipve  place  suddenly  to  another.  This  analogy,  therefore,  derived  from 
a  period  of  the  earth's  history  which  can  best  be  compared  with  the 
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present  state  of  things,  and  more  thoroughly  investigated  than  any 
other,  leads  to  the  conclusion  that  the  extinction  and  creation  of  species^ 
has  been  and  b  the  result  of  a  slow  and  gradual  change  in  the  oiganie 
world. 

UNIFOBMmr  OF  OHANQB   00N8IDEBSD,  SECONDLY,  IN   SBFERENOE  TO  BUB 
TEmUKVAN   MOYEMSmrS. 

To  pass  on  to  another  of  the  three  topics  before  proposed  for  discus 
sion,  the  reader  will  find,  in  the  account  given  in  the  second  book  of  the 
earthquakes  recorded  in  history,  that  certain  countries  have,  from  time 
ilnmemorial,  been  rudely  shaken  again  and  again,  while  others,  com- 
prising by  far  the  laigest  part  of  the  globe,  have  remained  to  all  ap- 
pearance motionless.  In  the  regions  of  convulnon  rocks  have  been  rent 
asunder,  the  surface  has  been  forced  up  into  ridges,  chasms  have  opened, 
or  the  ground  throughout  large  spaces  has  been  permanently  lifted  up 
above  or  let  down  below  its  former  level.  In  the  regions  of  tranquillity 
some  areas  have  renuuned  at  rest,  but  others  have  been  ascertained  by 
a  comparison  of  measurements,  made  at  different  periods,  to  have  risen 
by  an  msensible  motion,  as  in  Sweden,  or  to  have  subsided  very  slowly, 
as  in  Greenland.  That  these  same  movements,  whether  ascending  or 
descending,  have  continued  for  ages  in  the  same  direction  has  been 
established  by  geological  evidence.  Thus,  we  find  both  on  the  east  and 
west  coast  of  Sweden,  that  ground  which  formerly  constituted  the  bot- 
tom of  the  Baltic  and  of  the  ocean  has  been  lifted  up  to  an  elevation  of 
several  hundred  feet  above  high- water  mark.  The  rise  within  the  his- 
torical period  has  not  amounted  to  many  yards,  but  the  greater  extent 
of  antecedent  upheaval  is  proved  by  the  occurrence  in  inland  spots, 
several  hundred  feet  high,  of  deposits  filled  with  fossil  shells  of  species 
now  living  either  in  the  ocean  or  the  Baltic. 

To  detect  proofs  of  slow  and  gradual  subsidence  must  in  general  be 
more  difficult ;  but  the  theory  which  accounts  for  the  form  of  circular 
coral  reefs  and  lagoon  islands,  and  which  will  be  explained  in  the  last 
chapter  of  the  third  book,  will  satisfy,  the  reader  that  there  are  spaces 
on  the  globe,  several  thousand  miles  in  circumference,  throughout  which 
the  downward  movement  has  predominated  for  ages,  and  yet  the  land 
has  never,  in  a  single  instance,  gone  down  suddenly  for  several  hundred 
feet  at  once.  Yet  geology  demonstrates  that  the  persistency  of  sub- 
terranean movements  in  one  direction  has  not  been  perpetual  through- 
out all  past  time.  There  have  been  great  oscillations  of  level  by  wldch 
.  a  surface  of  dry  land  has  been  submerged  to  a  depth  of  seveiBl  thou- 
sand feet,  and  then  at  a  period  long  subsequent  raised  agiun  and  made 
to  emerge.  Nor  have  the  regions  now  motionless  been  always  at  rest ; 
and  some  of  those  which  are  at  present  the  theatres  of  reiterated  earth- 
quakes have  formerly  enjoyed  a  long  continuance  of  tranquillity.  But 
although  disturbances  have  ceased  after  having  long  preyed,  or  have 
recommenced  after  a  suspension  for  ages,  there  has  been  no  universal 
disruption  of  the  earth's  crust  or  desolation  of  .the  surface  unoe  times 
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the  most  remote.  The  non-occunrence  of  such  a  general  conmlsion  is 
proved  by  the  perfect  horizontality  now  retained  by  aome  of  the  most 
ancient  fossiliferons  strata  throughout  wide  areas. 

Iirferetices  derived  from  unconformable  strata. — ^That  the  subterranean 
forces  haye  visited  different  parts  of  the  globe  at  successive  periods,  is 
inferred  chiefly  from  the  unconformability  of  strata  belonging  to  groups 
of  different  ages.  Thus,  for  example,  on  the  borders  of  Wales  and 
Shropshire  we  find  the  slaty  beds  of  the  ancient  Silurian  system  curved 
and  vertical,  while  the  beds  of  the  overlying  carboniferous  shale  and 
sandstone  are  horizontal.  All  are  agreed,  that  in  such  a  case  the  older 
set  of  strata  had  suffered  great  dislocation  before  the  deposition  of  the 
newer  or  carboniferous  beds,  and  that  these  last  have  never  since  been 
convulsed  by  any  movements  of  excessive  violence.  But  the  strata  of 
the  inferior  group  suffered  only  a  local  derangement,  and  rocks  of  the 
same  age  are  by  no  means  found  everywhere  m  a  curved  or  vertical 
position.  In  various  parts  of  Europe,  and  particularly  near  Lake  Wener 
in  the  south  of  Sweden,  and  in  many  parts  of  Russia,  beds  of  the  same 
Silurian  system  maintain  the  most  perfect  horizontality ;  and  a  similar 
observation  may  be  made  respecting  limestones  and  shales  of  the  like 
sBtiquity  in  the  great  lake  district  of  Canada  and  the  United  States. 
They  are  still  as  flat  and  horizontal  as  when  first  formed ;  yet  since 
their  origin  not  only  have  most  of  the  actual  mountain-chains  been  up- 
lifted, but  the  very  rocks  of  which  those  mountsuns  are  composed  have 
been  formed. 

It  would  be  easy  to  multiply  instances  of  umilar  unconformability  in 
formations  of  other  ages ;  but  a  few  more  will  suffice.  The  coal  meas- 
ures before  alluded  to  as  horizontal  on  the  borders  of  Wales  are  verti- 
cal in  the  Mendip  Hills  in  Somersetshire,  where  the  overlying  beds  of 
the  New  Red  Sandstone  are  horizontal.  Again,  in  the  Wolds  of  York- 
shire the  last  mentioned  sandstone  supports  on  its  curved  and  inclined 
beds  the  horizontal  Chalk.  The  Chalk  again  is  vertical  on  the  flanks 
of  the  Pyrenees,  and  the  tertiary  strata  repose  unconformably  upon  it. 

Oonsisteney  of  local  disturbances  with  general  uniformity, — ^As  al- 
most every  country  supplies  illustrations  of  the  same  phenomena,  they 
who  advocate  the  doctrine  of  alternate  periods  of  disorder  and  repose 
may  appeal  to  the  facts  above  described,  as  proving  that  eveiy  dis- 
trict has  been  by  turns  convulsed  by  earthquakes  and  then  respited 
for  ages  from  convulsions.  But  so  it  might  with  equal  truth  be 
affirmed  that  every  part  of  Europe  has  been  visited  alternately  by  win-* 
ter  and  summer,  although  it  has  always  been  winter  and  always  sum- 
mer in  some  part  of  the  planet;  and  neither  of  these  seasons  has  ever 
reigned  simultaneously  over  the  entire  globe.  They  have  been  always 
shifting  about  from  place  to  place ;  but  the  vicissitudes  which  recur 
thus  annually  in  a  single  spot  are  never  allowed  to  interfere  with  the 
invariable  uniformity  of  seasons  throughout  the  whole  planet. 

So,  in  regard  to  subterranean  movements,  the  theory  of  the  perpet- 
ual uniformity  of  the  force  which  they  exert  on  the  earth's  crust  is 
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quite  consisteiit  with  the  admiBsion  of  their  alternate  develi^ment  and 
Ruspenmon  for  indefinite  periods  within  limited  geographioal  areas. 

UNiroRMirr  of  ohanoe  considered,  thirdly,  in  rbferbncb  to 

8EDIMSNTABT  DEPOSITION. 

It  now  remains  to  speak  of  the  laws  goTeming  the  deposition  ci 
new  strata.  If  we  survey  the  surface  of  the  globe  we  immediately 
perceive  that  it  is  divisible  into  areas  of  depodtion  and  non'dq>09itioii9 
or,  in  other  words,  at  any  given  time  there  are  spaces  which  are  the 
recipients,  others  which  ate  not  the  redpients  of  sedimentary  matter. 
No  new  strata,  for  example,  are  thrown  down  on  dry  land,  which 
remains  the  same  from  year  to  year ;  whereas,  in  many  parts  of  the 
bottom  of  seas  and  lakes,  mud,  sand,  and  pebbles  are  annually  spread 
out  by  rivers  and  currents.  There  are  also  great  masses  of  limestmie 
growing  in  some  seas,'  or  m  mid-ocean,  chiefly  composed  of  corals  and 
shells. 

No  sediment  deposiUd  on  dry  land.^-AB  to  the  dry  land,  so  far 
from  being  the  receptacle  of  fresh  accessions  of  matter,  it  is  exposed 
almost  everywhere  to  waste  away.  Forests  may  be  as  dense  and 
lofty  as  those  of  Brazil,  and  may  swarm  with  quadrupeds,  birds,  and 
insects,  yet  at  the  end  of  ten  thousand  years  one  layer  of  Uack 
mould,  a  few  inches  thick,  may  be  the  sole  representative  of  those 
myriads  of  trees,  leaves,  flowers,  and  fruits,  those  innumerable  bones 
and  skeletons  of  birds,  quadrupeds,  and  reptiles,  which  tenanted  the 
fertile  region.  Should  this  land  be  at  length  submerged,  the  waves 
of  the  sea  may  wash  away  in  a  few  hours  the  scanty  covering  <^ 
mould,  and  it  may  merely  impart  a  darker  shade  of  color  to  the  next 
stratum  of  marl,  sand,  or  other  matter  newly  thrown  down.  So  ako 
at  the  bottom  of  the  ocean  where  no  sediment  is  accumulating,  sea- 
weed, zoophytes,. fish,  and  even  shells,  may  multiply  for  ages  and  de- 
compose, leaving  no  vestige  of  their  form  or  substance  behind.  Their 
decay,  in  water,  although  more  slow,  is  as  certsdn  and  eventually  as 
complete  as  in  the  open  air.  Nor  can  they  be  perpetuated  for  indefi- 
nite periods  in  a  fossil  state,  unless  imbedded  in  some  matrix  which  is 
impervious  to  water,  or  which  at  least  does  not  allow  a  free  percolation 
of  that  fluid,  impregnated  as  it  usually  is,  with  a  slight  quantity  of  car- 
bonic or  other  acid.  Such  a  free  percolation  may  be  prevented  ^ther 
by  the  mineral  nature  of  the  matrix  itself,  or  by  the  superposition  of  Ui 
impermeable  stratum :  but  if  unimpeded,  the  fossil  shell  or  bone  will  be 
dissolved  and  removed,  particle  after  particle,  and  thus  entirely  e&ced, 
unless  petrifaction  or  the  substitution  of  mineral  for  organic  matter  hap- 
pen to  take  place. 

That  there  has  been  Jand  as  well  as  sea  at  all  former  geological  pe- 
riods, we  know  from  the  fact,  that  fossil  trees  and  teiteetrial  pknts  ate 
imbedded  in  rocks  of  every  age.  Occasionally  lacustrine  and  flttviatile 
shells,  insects,  or  the  bones  of  amphibious  or  land  reptiles,  point  to  Ae 
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same  conelnsioii.  The  existence  of  diy  land  at  all  periods  of  the  past 
implies,  as  before  mmitioned,  the  partial  deposition  of  sediment^  or  its 
limitation  to  certain  areas ;  and  the  next  point  to  which  I  shall  call 
the  leader's  attention,  is  the  shifting  of  these  areas  from  one  region  to 
another. 

First,  then,  Tariations  in  the  site  of  sedunentary  deposition  are 
brought  about  mdependently  of  subterranean  movements.  There  is 
always  a  slight  chai^  from  year  to  year,  or  from  centmry  to  century. 
The  sediment  of  the  Rhone,  for  example,  thrown  into  the  Lake  of 
Geneva,  is  now  conveyed  to  a  spot  a  mile  and  a  half  distant  from  that 
where  it  acconralated  in  the  tenth  century,  and  sue  miles  from  the  pcunt 
where  the  delta  began  originally  to  form.  We  may  look  forward  to 
the  period  when  this  lake  will  be  filled  up,  and  then  the  distribution  of 
the  transported  matter  will  be  suddenly  altered,  for  the  mud  and  sand 
brought  down  from  the  Alps  will  thenceforth,  instead  of  being  deposited 
near  Geneva^  be  carried  n«uiy  200  miles  southwards,  where  the  Rhone 
enters  the  Mediterranean. 

In  the  deltas  of  large  rivers,  such  as  those  of  the  Ganges  and  Indus, 
the  mud  is  first  carried  down  for  many  centuries  through  one  arm,  and 
on  this  being  .stopped  up  it  is  dischaiged  by  another,  and  may  then 
enter  the  sea  at  a  point  50  or  100  miles  distant  from  its  first  receptacle. 
The  direction  of  marine  currents  is  also  liable  to  be  changed  by  various 
secidents,  as  by  the  heaping  up  of  new  sand-banks,  or  the  wearing 
away  of  cliffs  and  promontories. 

But,  secondly,  all  these  causes  of  fiuctuajion  in  the  sedimentary  areas 
are  entirely  subordinate  to  those  great  upward  or  downward  movements 
of  land  which  have  been  already  described  as  prevailing  over  large 
tracts  of  the  globe.  By  such  elevation  or  subsidence  certain  spaces  are 
gradually  submerged,  or  made  gradually  to  emei^  :-^in  the  one  case 
sedimentary  deposition  may  be  suddenly  renewed  after  having  been  sus- 
pended for  ages,  in  the  other  as  suddenly  made  to  cease  after  having 
continued  for  an  indefinite  period. 

Causes  of  variation  in  mineral  character  of  suceeasive  sedimentary 
grwps.-^li  deposition  be  renewed  after  a  long  interval,  the  new  strata 
will  usually  differ  greatly  from  the  sedimentary  rocks  previously  formed 
in  tiie  same  place,  and  especially  if  the  older  rocks  have  suffered  de- 
rangement, which  implies  a  change  in  the  physical  geography  of  the 
district  since  the  previous  conveyance  of  sediment  to  the  same  spot.  It 
may  happen,  however,  that,  even  when  the  inferior  group  is  horizontal 
and  conformable  to  the  upper  strata,  these  last  may  still  differ  entirely 
in  nuneral  character,  because  since  the  origin  of  the  older  formation  the 
geography  of  some  distant  country  has  been  altered.  In  that  country 
rocks  before  concealed  may  have  become  exposed  by  denudation ;  vol- 
canoes may  have  burst  out  and  covered  the  surface  with  scoriae  and 
lava,  or  new  lakes  may  have  been  formed  by  subsidence ;  and  other  fluc- 
tuations may  have  occurred,  by  which  the  materials  brought  down  from 
thence  by  rivers  to  the  sea  have  acquired  a  distinct  mineral  character. 
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It  is  well  known  that  the  stream  of  the  Mississippi  is  charged  with 
sediment  of  a  different  color  from  that  of  the  Arkansas  and  Bed  Rivers^ 
which  are  tinged  with  red  mud,  derived  from  rocks  of  porphyry  m 
**  the  far  west."  The  waters  of  the  Urugoay,  sajs  Darwin,  draining  a 
granitic  country,  are  clear  and  black,  those  of  the  Parana,  red.*  The 
mud  with  which  the  Indus  is  loaded,  says  Bumes,  is  of  a  clayey  hue, 
that  of  the  Chenab,  on  the  other  hand,  is  reddish,  that  of  the  Sutlej  is 
more  pale.f  The  same  causes  which  make  these  several  rivers,  some- 
tunes  situated  at  no  great  <]Ustance  the  one  from  the  other,  to  differ 
greatly  in  the  character  of  their  sediment,  will  make  the  waters  draining 
the  same  country  at  different  epochs,  especially  before  and  after  great 
revolutions  in  physical  geography,  to  be  entirely  dissimilar.  It  is 
scarcely  necessary  to  add,  that  marine  currents  wUl  be  affected  in  an 
analogous  manner  in  consequence  of  the  formation  of  new  shoals,  the 
emergence  of  new  islands,  the  subsidence  of  others,  the  gradual  waste 
of  neighboring  coasts,  the  growth  of  new  deltas,  the  increase  of  coral 
reefs,  and  other  changes. 

WTiy  successive  sedimentary  groups  contain  distinct  fossils. — ^If,  in 
the  next  place,  we  assume,  for  reasons  before  stated,  a  continual  ex- 
tinction of  species  and  introduction  of  others  mto  the  globe,  it  will  then 
follow  that  the  fossils  of  strata  formed  at  two  distant  periods  on  the 
same  spot,  will  differ  even  more  certidnly  than  the  mineral  composition 
of  the  same.  For  rocks  of  the  same  kind  have  sometimes  been  repro- 
duced in  the  same  district  after  a  long  interval  of  time,  whereas  there 
are  no  facts  leading  to  the  opinion  that  species  which  have  once  died 
out  have  ever  been  reproduced.  The  submergence  then  of  land  must 
be  often  attended  by  the  commencement  of  a  new  class  of  sedunentary 
deposits,  characterized  by  a  new  set  of  fossil  animals  and  plants,  whfle 
the  reconversion  of  the  bed  of  the  sea  into  land  may  arrest  at  once 
and  for  an  indefinite  time  the  formation  of  geological  monuments. 
Should  the  land  again  sink,  strata  will  again  be  formed ;  but  one  or 
many  entire  revolutions  m  animal  or  vegetable  life  may  have  been  com- 
pleted in  the  interval. 

Conditions  requisite  for  the  original  completeness  of  a  fossiliferous 
series, — If  we  infer,  for  reasons  before  explained,  that  fluctuations  in 
the  animate  world  are  brought  about  by  the  slow  and  successive 
removal  and  creation  of  species,  we  shall  be  convinced  that  a  rare  com- 
bination of  circumstances  alone  can  give  rise  to  such  a  series  of  strata 
as  will  bear  testimony  to  a  gradual  passage  from  one  state  of  oiganic 
life  to  another.  To  produce  such  strata  nothmg  less  will  be  requisite 
than  the  fortunate  coincidence  of  the  following  conditions:  first,  a 
never-failing  supply  of  sediment  in  the  same  region  throughout  a  period 
of  vast  duration ;  secondly,  the  fitness  of  the  deposit  in  every  part  for 
the  permanent  preservation  of  imbedded  fossils ;  and,  thirdly,  a  gradual 

*  Darwin's  Joamal,  p.  168.    2d.  ed  n.  189. 
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sabadence  to  prereat  the  sea  or  lake  from  being  filled  up  and  converted 
into  land. 

It  will  appear  in  the  chapter  on  coral  reefs,*  that,  in  certain  parts  of 
the  Pacific  and  Indian  OceanSi  most  of  these  conditions,  if  not  all,  are 
complied  with,  and  the  constant  growth  of  coral,  keeping  pace  with  the 
sinking  of  the  bottom  of  the  sea,  seems  to  have  gone  on  so  slowly,  for 
snch  indefinite  periods,  that  the  signs  of  a  gradual  change  in  organic 
life  might  probably  be  detected  in  that  quarter  of  the  globe,  if  we 
could  explore  its  submarine  geology.  Instead  of  the  growth  of  coral* 
Ime  limestone,  let  us  suppose,  in  some  other  place,  the  continuous  de« 
position  of  fluviatile  mud  and  sand,  such  as  the  Ganges  and  Brahma- 
pootra have  poured  for  thousands  of  years  into  the  Bay  of  Bengal. 
Part  of  this  bay,  although  of  considerable  depth,  might  at  length  be 
filled  up  before  an  appreciable  amount  of  change  was  effected  in  the 
fish,  moUusca,  and  other  inhabitants  of  the  sea  and  neighboring  land. 
But,  if  the  bottom  be  lowered  by  sinking  at  the  same  rate  that  it  is 
raised  by  fluviatile  mud,  the  bay  can  never  be  turned  into  dry  land. 
In  that  case  one  new  layer  of  matter  may  be  superimposed  upon 
another  for  a  thickness  of  many  thousand  feet,  and  the  fossils  of  the 
inferior  beds  may  differ  greatly  from  those  entombed  in  the  uppermost^ 
yet  every  intermediate  gradation  may  be  indicated  in  the  passage  from 
an  older  to  a  n^wer  assemblage  of  species.  Granting,  however,  that 
such  an  unbroken  sequence  of  monuments  may  thus  be  elaborated  in 
certain  parte  of  the  sea,  and  that  the  strata  happen  to  be  all  of  them 
well  adapted  to  preserve  the  included  fossils  from  decomposition,  how 
many  accidents  must  still  concur  before  these  submarine  formations  will 
be  laid  open  to  our  investigation !  The  whole  deposit  must  first  be 
raised  several  thousand  feet,  in  order  to  b^ng  into  view  the  very  foun- 
dation ;  and  during  the  process  of  exposure  the  superior  beds  must  not 
be  entirely  swept  away  by  denudation. 

In  the  first  place,  the  chances  are  as  three  to  one  against  the  mere 
emergence  of  the  mass  above  the  waters,  because  three-fourths  of  the 
globe  are  covered  by  the  ocean.  But  if  it  be  upheaved  and  made  to 
constitute  part  of  the  dry  land,  it  must  also,  before  it  can  be  available 
for  our  instruction,  become  part  of  that  area  already  surveyed  by  geol- 
ogists ;  and  this  area  comprehends  perhaps  less  than  a  tenth  of  the 
whole  earth.  In  this  small  fraction  of  land  already  explored,  and  still 
very  in>perfectly  known,  we  are  required  to  find  a  set  of  strate,  on- 
ginally  of  limited  extent^  and  probably  much  lessened  by  subsequent 
denudation. 

Yet  it  is  precisely  because  we  do  not  encounter  at  every  step  the 
evidence  of  such  gradations  from  one  stete  of  the  organic  world  to 
another,  that  so  many  geologists  embrace  the  doctrine  of  great  and 
sudden  revolutions  in  the  history  of  the  animate  world.  Not  content 
with  simply  availing  themselves,  for  the  convenience  of  clasuficationy  of 

*Bookiilch.  60. 
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those  gaps  and  ^aBms  whieh  here  and  there  intenupt  the  cotttiQuity  ol 
the  chronological  series,  as  at  present  known,  they  deduce,  from  the 
frequency  of  Ihese  hreaks  m  the  chain  of  rec<Nrd8,  an  htegular  mode  of 
snocession  m  the  events  themselves  both  in  the  organic  and  inotganic 
world.  But,  besides  that  some  links  of  the  chttn  which  once  existed 
are  now  cleariy  lost  and  othen  conceal^  from  view,  we  have  good  rea- 
son to  suspect  that  it  was  never  complete  originally.  It  may  undoubt- 
edly be  said,  that  strata  have  been  always  forming  somewhere,  and 
therefore  at  every  moment  of  past  time  nature  has  added  a  page  to  her 
archives ;  but,  in  reference  to  this  subject,  it  shouki  be  remembered 
that  we  can  never  hope  to  compile  a  consecutive  history  by  gathering 
tf^ether  monuments  which  were  originally  detached  and  scattered  over 
the  globe.  For  as  the  species  of  oi^nic  b^gs  contanporaneously 
inhabiting  remote  regions  are  distinct,  the  fossils  of  the  first  of  several 
periods  which  may  be  preserved  in  any  one  country,  as  in  America, 
for  example,  will  have  no  connection  with  those  of  a  second  period 
found  in  India,  and  will  therefore  no  more  enable  us  to  trace  the  signs 
of  a  gradual  change  in  the  living  creation,  than  a  fragment  of  Chinese 
history  will  fill  up  a  blank  in  the  political  annals  of  Europe. 

The  absence  of  any  deposits  of  importance  containing  recent  shells  in 
Chili,  or  anywhere  on  the  western  coast  of  South  America,  naturally 
led  Mr.  Darwin  to  the  conclusion  that  "  where  the  bed  of  the  sea  is 
either  stationary  or  rising,  circumstances  are  far  less  favorable  thao 
where  the  level  is  sinking  to  the  accumulation  of  conchiferous  strata  of 
sufficient  thickness  and  extension  to  resist  the  average  vast  amount  of 
denudation."*  An  examination  of  the  superficial  clay,  sand,  and  gravel 
of  the  most  modem  date  in  Norway  and  Sweden,  where  the  land  is  also 
rising,  would  incline  us  to  admit  a  similar  proposition.  Yet  in  these 
cases  there  has  been  a  supply  of  sediment  from  the  waste  of  the  coast 
and  the  interior,  especially  in  Patagonia  and  Chili.  Nevertheless  wher- 
ever the  bottom  of  the  sea  has  been  continually  elevated,  the  total 
thickness  of  sedimentary  matter  accumulating  at  depths  suited  to  the 
habitation  of  most  of  the  species  of  shells  can  never  be  great,  nor  can 
the  deposits  be  thickly  covered  by  superincumbent  matter,  so  as  to  be 
consolidated  by  pressure.  When  they  are  upheaved,  therefore,  the 
waves  on  the  beach  will  bear  down  and  disperse  the  loose  materials ; 
whereas  if  the  bed  of  the  sea  subsides  slowly,  a  mass  of  strata  contain- 
ing abundance  of  such  species  as  live  at  moderate  depths  may  increase 
in  thickness  to  any  amount,  and  may  extend  over  a  broad  area,  as  the 
water  gradually  encroaches  on  the  land.  If,  then,  at  particular  periods, 
as  m  the  Miocene  epoch,  for  example,  both  in  Europe  and  North  Amer- 
ica, contemporaneous  shelly  deposits  have  originated,  and  have  been 
preserved  at  very  distant  points,  it  may  arise  from  the  prevalence  at 
that  period  of  shnultaneous  subsidence  throughout  very  wide  areas. 
The  abseaee  in  the  same  quarters  of  the  globe  of  strata  nMwlring  the 

*  Danrin*8  S.  America,  pp.  186, 189. 
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ages  which  immediately  succeeded,  may  be  accomited  for  by  supposing 
tiiftt  the  level  of  the  bed  of  the  sea  and  the  adjoining  land  was  stationary 
or  was  undergoing  slow  upheaval.  ^ 

How  far  some  of  the  great  violations  of  continuity  which  now  exist  in 
the  chronological  table  of  fossiliferous  rocks,  will  hereafter  be  removed 
or  lessened,  must  at  present  be  mere  matter  of  conjecture.  The  hiatus 
which  ezbts  in  Great  Britain  between  the  fossils  of  the  Lias  and  those 
of  the  Magne«an  Limestone,  is  supplied  in  Germany  by  the  rich  fauna 
and  flora  of  the  Muschelkalk,  Eeuper,  and  Bunter  Sandstem,  which  we 
know  to  be  of  a  date  precisely  intermediate ;  those  three  formations 
bemg  interposed  in  Germany  between  others  which  agree  perfectly  in 
their  organic  remains  with  our  Lias  and  Magnesian  Limestone.  Until 
lately  the  fossils  of  the  Coal-measures  were  separated  from  those  of  the 
antecedent  Silurian  group  by  a  very  abrupt  and  decided  line  of  demar- 
cation ;  but  recent  discoveries  have  brought  to  Ught  in  Devonshire,  Beh 
ffxuxi,  the  Eifel,  and  Westphalia,  the  remains  of  a  fauna  of  an  intervening 
period.  This  connecting  link  is  furnished  by  the  fossil  shells,  fish,  and 
corals  of  the  Devonian  or  Old  Red  Sandstone  group,  and  some  species 
of  this  newly  intercalated  fauna  are  found  to  be  common  to  it  and  the 
subjacent  Silurian  rocks,  while  other  species  belong  to  it  in  common 
with  the  Coal-measures.  We  have  also  in  like  manner  had  some  suc- 
cess of  late  years  in  diminishing  the  hiatus  which  still  separates  the  Cre« 
taceous  and  Eocene  periods  in  Europe.  Still  we  must  expect,  for  rea- 
sons before  stated,  that  some  such  chasms  will  forever  continue  to  occur 
in  some  parts  of  our  sedimentary  series. 

Consistency  of  the  theory  of  grcduaX  change  with  the  existence  of  great 
breaks  in  the  series, — ^To  return  to  the  general  argument  pursued  in  this 
chapter,  it  is  assumed,  for  reasons  above  explained,  that  a  slow  change 
of  species  is  in  simultaneous  operation  everywhere  throughout  the  habit- 
able surface  of  sea  and  land ;  whereas  the  fossilization  of  plants  and 
animals  is  confined  to  those  areas  where  new  strata  are  produced. 
These  areas,  as  we  have  seen,  are  always  sliifting  then:  position ;  so  that 
the  fossilizing  process,  by  means  of  which  the  commemoration  of  the 
particular  state  of  the  organic  world,  at  any  given  time,  is  affected,  may 
be  said  to  move  about,  visitmg  and  revisiting  different  tracts  in  succession. 

To  make  still  more  clear  the  supposed  working  of  this  machmery>  I 
shall  compare  it  to  a  somewhat  analogous  case  that  might  be  imagined 
to  occur  in  the  history  of  human  affairs.  Let  the  mortality  of  the  pop- 
ulation of  a  large  country  represent  the  successive  extinction  of  species, 
and  the  births  of  new  individuals  the  introduction  of  new  species. 
WhOe  these  fluctuations  are  gradually  taking  place  everywhere,  sup- 
pose commissioners  to  be  appomted  to  visit  each  province  of  the  country 
in  succession,  taking  an  exact  account  of  the  number,  names,  and  indi- 
vidual peculiarities  of  aU  the  mhabitants,  and  leaving  in  each  district  a 
rqpster  containing  a  record  of  this  information.  If,  after  the  completion 
of  one  census,  another  is  immediately  ma4e  on  the  same  plan,,  and  them 
another,  there  will,  at  last,  be  a  series  of  statistical  documents  in  each. 
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province.  When  those  belong^g  to  any  one  pitmnce  tsre  arranged  in 
chronological  order,  the  contents  of  such  as  stand  next  to  each  other 
will  differ  accoi|^ing  to  the  length  of  the  intervals  of  time  between  the 
taking  of  each  census.  If,  for  example,  there  are  sixty  provinces,  and 
all  the  rasters  are  made  in  a  single  year,  and  renewed  annually,  the 
number  of  births  and  deaths  will  be  so  small,  in  proportion  to  the  whole 
of  the  inhabitants,  during  the  interval  between  the  compiling  of  the  two 
consecutive  documents,  that  the  individuals  described  in  such  documents 
will  be  nearly  identical ;  whereas,  if  the  survey  of  each  of  the  sixty 
provinces  occupies  all  the  commissioners  fw  a  whole  year,  so  that  they 
are  unable  to  revisit  the  same  place  until  the  expiration  of  sixty  years, 
there  will  then  be  an  almost  entire  discordance  between  the  peraoas 
enumerated  in  two  consecutive  registera  in  the  same  province.  There 
&re,  undoubtedly,  other  causes  besides  the  mere  quantity  of  time,  which 
may  augment  or  diminish  the  amount  of  discrepancy.  Thus,  at  some 
periods  a  pestilenlaal  disease  may  have  lessened  the  average  duration  of 
human  life,  or  a  variety  of  circumstances  may  have  caused  the  births  to 
be  unusually  numerous,  and  the  population  to  multiply ;  or,  a  province 
may  be  suddenly  colonized  by  persons  migrating  from  surrounding  dis- 
tricts. 

These  exceptions  may  be  compared  to  the  aceelersted  rate  of  fluctu- 
ation in  the  fauna  and  flora  of  a  particular  region,  in  which  the  chnnte 
and  phyncal  geography  may  be  undergoing  an  extraordinaiy  degree  of 
alteration. 

But  I  must  remind  the  reader,  that  the  case  above  proposed  has  no 
pretensions  to  be  regarded  as  an  exact  parallel  to  the  geological  phe- 
nomena which  I  desire  to  illustrate ;  for  the  commissioners  are  snppoeed 
to  visit  the  different  provinces  in  rotation ;  whereas  the  commemorating 
processes  by  which  organic  remains  become  fossilised,  although  they 
are  always  shiftmg  from  one  area  to  the  other,  are  yet  very  irr^^ar  in 
their  movements.  They  may  abandon  and  revisit  many  spaces  again 
and  again  before  they  once  approach  another  district ;  and,  besides  this 
source  of  irregularity,  it  may  often  happen  that,  while  the  depositing 
process  is  suspended,  denudation  may  take  place,  which  may  be  com- 
pared to  the  occasional  destruction  by  Are  or  other  causes  of  some  of 
the  statbtical  documents  before  mentioned.  It  is  evident  that,  where 
such  accidents  occur,  the  want  of  continuity  in  the  series  may  become 
indefinitely  great,  and  that  the  monuments  which  follow  next  in  suooes- 
-sion  will  by  no  means  be  equidistant  from  each  other  in  point  of  time. 

If  this  train  of  reasoning  be  admitted,  the  occasional  distinctness  of 
the  fossil  remains,  in  formations  immediately  in  contact,  would  be  a 
necessary  consequence  of  the  existing  laws  of  sedimentary  depostion 
and  subterranean  movement,  accompanied  by  a  constant  mortality  and 
renovation  of  species. 

As  all  the  conclusions  above  inasted  on  are  directly  opposed  to  opin- 
ions still  popular,  I  shall  add  another  comparison,  in  the  hope  of  pre- 
venting any  possible  misapprehension  of  the  argument.    Suppose  W6 
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bad  diseovered  two  baned  citica  at  the  foot  of  YeBimns,  immediately 
saperimpoeed  upon  each  olher,  with  a  great  maaa  of  tuff  and  lava  iateiw 
▼emag,  just  as  Portiei  and  Reaina,  if  now  coTered  with  ashes,  would 
Ofveriie  Herculanenm.  An  antiquary  might  possibly  be  entitled  to  infer, 
from  the  inscriptiotts  on  public  edifice^  that  the  inhabitants  of  the  kle* 
rior  and  older  dtf  w^re  Greeks,  and  those  of  the  ibodem  towns  Italians. 
Bat  he  would  reason  veiy  hastily  if  he  also  eonoluded  from  these  data 
that  there  had  been  a  sudden  change  from  the  Greek  to  the  Italian  lan- 
guage in  Campania.  But  tf  he  afterwards  found  ihru  buried  cities,  one 
above  the  other,  the  intermediate  one  bemg  Roman,  while,  as  in  the 
former  example,  the  lowest  was  Greek  and  the  uppermost  Italian,  he 
would  then  persatie  ike  failaoy  of  his  former  opniion,  and  woidd  begm 
to  suspect  that  the  catastrophes  by  which  the  cities  were  iidinmed 
ndglit  have  no  relatien  whatever  to  the  Actuations  in  tiie  language  of 
isk^  inhabitants ;  and  that,  as  tiie  Roman  tongue  had'  evidently  intervened 
between  the  Greek  and  Italian,  so  many  other  dialects  may  have  been 
spoken  in'  succession,  and  the  passage  torn  the  Greek  to  the  Italiaii  may 
haxc  been  very  gradual;  some  terms  growing  obsolete,  while  others 
were  intaroduced  irom  time  to  time. 

If  this  antiquaiy  could  have  shown  that  the  voieanic  paroxysms  of 
Yesuvius  were  so  governed  as  that  cities  should  be  buried  one  above  the 
other,  just  as  often  as  any  variation  ocouned  in  the  language  of  the 
inhabitants,  then,  indeed,  the  abrupt  passage  from  a  Greek  to  a  Roman, 
and  from  a  Roman  to  an  Italian  city,  would  afibrd  proof  of  fluctuations 
no  less  sudden  in  the  language  of  the  people. 

So,  in  Geology,  if  we  could  assume  that  it  is  part  of  the  plan  of 
Nature  tapreserve^  m  every  region  of  the  globe,  an  unbroken  series  of 
monuments  to  commemorate  the  vicissitudes  of  the  organic  creation,  we 
might  infer  the  sudden  extirpation  of  species,  and  the  simultaneous 
introduction  t}f  othen,  as  often  as  two  formations  in  contact  are  found  to 
include  dissimilar  oi^ganio  fossils.  But  we  must  shut  our  eyes  to  the 
whole  economy  of  the  existing  causes,  aqueous,  igneous,  and  oiganio,  if 
we  fail  to  perceive  thai  tueh  in  not  the  ^mrf  Nature. 

Ccnduding  remarkt  on  the  ideniitt^  ef  the  ancient  and  present  eyetem 
^  terreetrkU  ehanges.-^l  shall  now  conclude  the  discussion  of  a  <pies- 
tion  with  which  we  have  been  occupied  since  the  beginning  of  the  fifth 
ehapter;  namely,  whether  there  has  been  any  intoruption,  from  the 
remotest  periods^  of  one  unifbna  system  of  change  in  the  animate  and 
inanimate  world.  We  were  induced  to  enter  into  that  inquiry  by  reflect'* 
ing  how  much  the  progress  of  opinion  in  Geol<^  had  been  influenced 
by  the  assumption  that  the  am^ogy  was  sUght  in  kind,  and  still  more 
shght  in  deg^ree,  between  the  causes  which  produced  the  former  revolu- 
tions of  the  globe,  and  those  now  in  every-day  qperation.  It  appeared 
clear  that  the  earlier  geologists  had  not  only  a  soa&ty  acquaintance  with 
esistingofaai^ies,  but  were  sii^larly  unconscious  of  the  amount  of  their 
ignonmce.  With  the  {spcsumption  naturally  inspired  by  this  unooo- 
soionsness,  they  had  no  hesitation  in  decidii^  at  once  that  time  eonld  never 
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enable  the  existing  powers  of  nature,  to  work  out  changes  of  great  magni- 
tude, Btill  less  such  important  revolutions  as  those  which  are  brought  to 
light  by  Geology.  They,  therefore,  felt  themselves  at  liberty  to  indulge 
their  imaginations  in  guessing  at  what  might  .be,  rather  than  inquiring 
what  is ;  in  other  words,  they  employed  themselves  m  conjecturing 
what  might  have  been  the  course  of  nature  at  a  demote  period,  rather 
than  in  the  investigation  of  what  was  the  course  of  nature  in  their  own 
times. 

It  appeared  to  them  more  philosophical  to  speculate  on  the  possibil- 
ities of  the  pasty  than  patiently  to  explore  the  realities  of  the  present ; 
and  having  invented  theories  under  the  mfluence  of  such  maxims,  they 
were  consistently  unwilling  to  test  their  validity  by  the  criterion  of  their 
accordance  with  the  ordinary  operations  of  nature.  On  the  contrary, 
the  claims  of  each  new  hypothesis  to  credibility  appeared  enhanced  by 
the  great  contrast,  in  kind  or  intensity,  of  the  causes  referred  to,  and 
those  now  in  operation. 

Never  was  there  a  dogma  more  calculated  to  foster  indolence,  and 
to  blunt  the  keen  edge  of  curiosity,  than  this  assumption  of  the  discord- 
ance between  the  ancient  and  existing  causes  of  change.  It  produced  a 
state  of  mind  unfavorable  in  the  highest  degree  to  the  candid  reception 
of  the  evidence  of  those  minute  but  incessant  alterations  which  eveiy 
part  of  the  earth's  surface  is  undergoing,'  and  by  which  the  condition  of 
its  living. inhabitants  is  continually  made  to  vary.  The  student,  instead 
of  being  encouraged  with  the  hope  of  interpreting  the  enigmas  presented 
to  him  in  the  earth's  structure, — instead  of  being  prompted  to  under- 
take laborious  inquiries  into  the  natural  history  of  the  oi^ganic  world,  and 
the  complicated  effects  of  the  igneous  and  aqueous  causes  now  in  oper- 
ation, was  taught  to  despond  from  the  first.  Geology,  it  was  aflGurmed, 
could  never  rise  to  the  rank  of  an  exact  science, — ^the  greater  number  of 
phenomena  must  forever  remain  inexplicable,  or  only  be  partiaUy  eluci- 
dated by  ingenious  conjectures.  Even  the  mystery  which  invested  the 
subject  was  said  to  coastitute  one  of  its  principal  charms,  affording,  as  it 
did,  full  scope  to  the  fancy  to  indulge  in  a  boundless  field  of  speculation. 

The  course  directly  opposed  to  this  method  of  philosophizing  consists 
in  an  earnest  and  patient  inquiry,  how  far  geological  appearances  are 
reconcilable  with  the  effect  of  changes  now  in  progress,  or  which  may 
be  in  progress  in  regions  inaccessible  to  us,  and  of  which  the  reality  is 
attested  by  volcanoes  and  subterranean  movements.  It  also  endeavors 
to  estimate  the  aggregate  result  of  ordinary  operations  multiplied  by 
time,  and  cherishes  a  sanguine  hope  that  the  resources  to  be  derived 
from  observation  and  experiment,  or  from  the  study  of  nature  such,  as 
she  now  is,  are  very  far  from  being  exhausted.  For  this  reason  all 
theories  are  rejected  which  mvolve  the  assumption  of  sudden  and  violent 
catastrophes  and  revolutions  of  the  whole  earth,  and  its  inhabitants, — 
theories  which  are  z^tnuned  by  no  reference  to  existing  analogies,  and 
in  which  a  desire  is  manifested  to  cut,  rather  than  patiently  to  untie,  the 
Gordianknot. 
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We  have  now,  at  least,  the  advantage  of  knowing,  from  ezperiencei 
that  an  opposite  method  has  always  put  geologists  on  the  road  that 
leads  to  truth, — suggesting  views  which,  although  imperfect  at  first, 
have  been  found  capable  of  improvement,  until  at  last  adopted  by  uni- 
versal consent ;  while  the  method  of  speculating  on  a  former  distinct 
state  of  things  and  causes,  has  led  invaiiably  to  a  multitude  of  contra- 
dictory systems,  which  have  been  overthrown  one  after  the  other, — have 
been  found  incapable  of  modification, — and  which  have  often  required 
to  be  precisely  reversed. 

The  renuunder  of  this  work  will  be  devoted  to  an  investigation  of  the 
changes  now  going  on  in  the  crust  of  the  earth  and  its  inhabitants. 
The  importance  which  the  student  will  attach  to  such  researches  will 
mainly  depend  in  the  degree  of  confidence  which  he  feels  in  the  prin- 
ciples above  expounded.  If  he  firmly  believes  in  the  resemblance 
or  identity  of  the  ancient  and  present  system  of  terrestrial  changes,  he 
will  regard  every  fact  collected  respecting  the  causes  m  diurnal  action 
as  affording  him  a  key  to  the  interpretation  of  some  mystery  in  the 
past.  Events  which  have  occurred  at  the  most  distant  periods  in 
the  animate  and  inanimate  world,  will  be  acknowledged  to  throw  light 
on  each  other,  and  the  deficiency  of  our  information  respecting  some 
of  the  most  obscure  parts  of  the  present  cresiation  will  be  removed.  For 
as,  by  studying  the  external  configuration  of  the  existmg  land  and  its 
inhabitants,  we  may  restore  in  imagination  the  appearance  of  the  an- 
cient continents  which  have  passed  away,  so  may  we  obtain  from  the 
deposits  of  ancient  seas  and  lakes  an  insight  into  the  nature  of  the  sub- 
aqueous processes  now  in  operation,  and  of  many  forms  of  organic  life, 
which,  though  now  existing,  are  veiled  from  sight.  Rocks,  also,  pro- 
duced by  subterranean  fire  in  former  ages,  at  great  depths  in  the  bowels 
of  the  earth,  present  us,  when  upraised  by  gradual  movements,  and 
exposed  to  the  light  of  heaven,  with  an  image  of  those  changes  which 
the  deep-seated  volcano  may  now  occasion  in  the  nether  regions. 
Thus,  although  we  are  mere  sojourners  on  the  surface  of  the  planet, 
chained  to  a  mere  point  in  space,  enduring  but  for  a  moment  of  time, 
the  human  mind  is  not  only  enabled  to  number  worlds  beyond  the 
unassisted  ken  of  mortal  eye,  but  to  trace  the  events  of  indefinite 
ages  before  the  creation  of  our  race,  and  is  not  even  withheld  from 
penetrating  into  the  dark  secrets  of  the  ocean,  or  the  interior  of  the 
solid  globe ;  free,  like  the  spirit  which  the  poet  described  as  animatinc; 
the  universe. 


— -^—  ire  per  omnes 
Terraaque,  tractnaqae  mariB,  ocelamqae  profundnm. 
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0HAHOX8  IN  TBX  INOROAKIO  WOBU). 
▲QUB0U8  CAUSES. 

CHAPTER  XIV. 

DiFiflioD  of  the  subject  into  cfaaDges  of  the  organic  And  inoiig«iii€  world — ^Inor- 
£^ic  CBUMs  of  change  divided  into  aqueons  and  igneous— AqneoiA  causes  fiftt 
considered-^Fall  of  nun— Recent  rain-prints  in  mud — ^Destroying  and  trans- 
porting power  of  running  water-^Newly  formed  yallejs  in  Georgia — Sinuosi- 
ties of  riyers — ^Two  streams  when  united  do  not  occupy  a  bed  of  double  surfiioe 
•—Inundations  in  Scotland — Floods  caused  by  landslips  in  the  White  Moun- 
tains— Bursting  of  a  lake  in  Switzerland — ^Devastations  caused  by  the  Anio  at 
Tivoli— -Excavations  in  the  lavas  of  Etna  by  Sicilian  rivers— Oorge  of  the 
Simeto— Qradual  recession  o(  the  cataract  of  Niagara. 

Division  of  the  subject. — Gkoloot  was  defined  to  be  the  scieace 
which  investigates  the  former  changes  that  have  taken  place  in  the 
organic  as  well  as  in  the  inorganic  kingdoms  of  nature.  As  vicissitudes 
in  the  inorganic  world  are  most  apparent,  and  as  on  them  all  fluctua- 
tk>ns  in  the  animate  creation  must  in  a  great  measure  depend,  they 
may  claim  our  first  consideration.  The  great  agents  of  change  in  the 
inorganic  world  may  be  divided  into  two  principal  classes,  the  aqueous 
and  the  igneous.  To  the  aqueous  belong  Rain,  Rivers,  Torrents, 
Springs,  Currents,  and  Tides ;  to  the  igneous,  Volcanoes,  and  Earth- 
quakes. Both  these  classes  are  instruments  of  decay  as  well  as  of 
reproduction;  but  they  may  also  be  regarded  as  antagonist  forces. 
For  the  aqueous  agents  are  incessantly  laboring  to  reduce  the  inequal- 
ities of  the  earth's  surface  to  a  level ;  while  the  igneous  are  equally 
active  in  restoring  the  unevenness  of  the  external  crust,  partly  by  heap- 
mg  up  new  matter  in  certain  localities,  and  partly  Dy  depressing  one 
portion,  and  forcing  out  another,  of  the  earth's  envelope. 

It  is  difficult,  in  a  scientific  arrangement,  to  give  an  accurate  view 
of  the  combined  effects  of  so  many  forces  in  simultaneous  operation ; 
because,  when  we  consider  them  separately,  we  cannot  easily  estimate 
either  the  extent  of  their  efficacy,  or  the  kind  of  results  which  they 
produce.  We  are  in  danger,  therefore,  when  we  attempt  to  examine 
the  influence  exerted  singly  by  each,  of  overlooking  the  modifications 
which  they  produce  on  one  another ;  and  these  are  so  complicated, 
that  sometimes  the  igneous  and  aqueous  forces  co-operate  to  produce 
a  joint  effect,  to  which  neither  of  them  unaided  by  the  other  could 
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ghre  risey-Htt  when  repeated  earthquakes  unite  with  ruimiDg  water 
to  widen  a  valley;  or  when  a  thermal  spring  rises  up  fnmi  a  great 
depth,  and  conveys  the  minwal  ingredients  with  which  it  is  impreg- 
nated from  the  interior  of  the  earth  to  the  surface.  Sometimes  the 
organic  combine  with  the  inoiganic  causes ;  as  when  a  reef,  composed 
of  shells  and  corals,  protects  one  line  of  coast  from  the  destroying 
power  of  tides  or  currents,  and  turns  them  against  some  other  point ; 
or  when  drift  timber,  floated  into  a  lake,  fills  a  hollow  to  which  the 
stream  would  not  have  had  sufficient  vekwity  to  convey  earthy  sedi- 
ment. 

It  is  necessaiy,  however,  to  divide  our  observations  on  these  various 
causes,  and  to  classify  them  systematically,  endeavoring  as  much  as 
possible  to  keep  in  view  that  the  effects  in  nature  are  mixed  and  not 
simple,  as  they  may  appear  in  an  artificial  arrangement. 

In  treating,  m  the  first  place,  of  the  aqueous  causes,  we  may  con- 
sider them  under  two  divisions ;  first,  those  which  are  connected  with 
the  circulation  of  water  from  the  land  to  the  sea,  under  which  are  in* 
dnded  all  the  phenomena  of  rain,  rivers,  glaciers,  and  springs ;  second- 
ly, those  which  arise  from  the  movements  of  water  in  lakes,  seas,  and 
the  ocean,  wherein  are  comprised  the  phenomena  of  waves,  tides,  and 
currents.  In  turning  our  attention  to  the  former  division,  we  find  that 
the  effects  of  rivers  may  be  subdivided  into;  first,  those  of  a  destroying 
and  transporting,  and,  secondly,  those  of  a  renovating  nature ;  in  the 
formor  are  included  the  erosion  of  rocks  and  the  transportation  of  mat- 
ter to  lower  levels ;  in  the  renovating  class,  the  formation  of  deltas  by 
the  influx  of  sediment,  and  the  shallowing  of  seas ;  but  these  processes 
are  so  intimately  related  to  each  other,  that  it  will  not  always  be  possi- 
ble to  consider  them  under  their  separate  heads. 

Fall  €f  Hain, — ^It  is  well  known  that  the  capacity  of  the  atmosphere 
to  absorb  aqueous  vapor,  and  hold  it  in  suspension,  increases  with  every 
inerement  of  temperature.  This  capacity  is  also  found  to  augment  in  a 
higher  ratio  than  the  augmentation  of  the  heat.  Hence,  as  was  first 
suggested  by  the  geologist,  Dr.  Hutton,  when  two  volumes  of  air,  of 
different  temperatures,  both  saturated  with  moisture,  mingle  together, 
clouds  and  rain  are  produced,  for  a  mean  degree  of  heat  having  resulted 
from  the  union  of  the  two  moist  airs,  the  excess  of  vapor  previously 
held  in  suspension  by  the  warmer  of  the  two  is  given  out^  and  if  it  be  in 
sufficient  abundance  is  precipitated  in  the  form  of  rain. 

As  the  temperature  of  the  atmosphere  diminishes  gradually  from  the 
equator  towards  the  pole,  the  evaporation  of  water  and  the  quantity  of 
ram  diminish  also.  Accordmg  to  Humboldt's  computation,  the  aver- 
age annual  depth  of  rain  at  the  equator  is  06  mches,  while  in  lat.  45^ 
it  is  only  29  inches,  and  in  lat.  60°  not  more  than  17  inches.  But 
there  are  so  many  disturbing  causes,  that  the  actual  discharge,  in  any 
pven  locality,  nu&y  deviate  very  widely  from  this  rule.  In  England,  for 
example,  where  the  average  fall  at  London  is  24^  inches,  as  ascertained 
at  the  Oreenwich  Observatory,  there  is  such  irregularity  in  some  dis- 
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triets,  that  wliile  at  Whitehaven,  in  CamberUmd,  there  fell  in  1849,  32 
inches,  the  qnantitj  of  rain  in  Borrowdale,  near  Keswick  (only  15  milev 
to  the  westward),  was  no  less  than  142  inches!*  In  like  manner,  in 
India,  Colonel  Sykes  found  hy  observations  made  in  1847  and  1848, 
that  at  places  situated  between  17^  and  18^  north  lat,  on  a  line  drawn 
across  the  Western  Ghauts  in  the  Deccan,  the  fall  of  rain  varied  from 
21  to  219  inches.f  The  annual  average  in  Bengal  is  probably  below 
80  inches,  yet  Dr.  G.  Hooker  witnessed  at  Churrapoonjee,  in  the  year 
1850,  a  fall  of  30  inches  in  24  hours,  and  in  the  same  place  during  a 
residence  of  six  months  (from  June  to  November)  530  inches !  This 
occurred  on  the  south  face  of  the  Khasia  (or  Garrow)  mountains  in 
Eastern  Bengal  (see  map.  Chap.  XVIII.),  where  the  depth  during  the 
whole  of  the  same  year  probably  exceeded  600  mches.  So  extraordi- 
nary a  discharge  of  water,  which,  as  we  shall  presently  see,  is  very  lo^ 
cal,  may  be  thus  accounted  for.  Warm,  southerly  winds,  blowing  over 
the  Bay  of  Bengal,  and  becoming  laden  with  vapor  during  their  pas- 
sage, reach  the  low  level  delta  of  the  Ganges  and  Brahmapootra,  where 
the  ordinary  heat  exceeds  that  of  the  sea,  and  where  evaporation  is  con- 
stantly  going  on  from  countless  marshes  and  the  arms  of  the  great 
rivers.  A  mingling  of  two  masses  of  damp  air  of  different  temperatures 
probably  causes  the  fall  of  70  or  80  inches  of  rain,  which  takes  place 
on  the  plains.  The  monsoon  having  crossed  the  delta,  impmges  on  the 
Khasia  mountains,  which  rise  abruptly  from  the  plam  to  a  mean  eleva- 
tion of  between  4000  and  5000  feet  Here  the  wind  not  only  encoun- 
ters the  cold  air  of  the  mountains,  but,  what  is  far  more  effective  as  a 
refrigerating  cause,  the  aerial  current  is  made  to  flow  upwards,  and  to 
ascend  to  a  height  of.  several  thousand  feet  above  the  sea.  Both  the 
air  and  the  vapor  contained  in  it,  being  thus  relieved  of  much  atmo- 
spheric pressure,  expand  suddenly,  and  are  cooled  by  rarefaction.  The 
vapor  is  condensed,  and  about  500  inches  of  rain  are  thrown  down  an- 
nually, nearly  twenty  times  as  much  as  falls  in  Great  BriUun  in  a  year, 
and  almost  all  of  it  poured  down  in  six  months.  The  channel  of  every 
torrent  and  river  is  swollen  at  this  season,  and  much  sandstone  horison- 
tally  stratified,  and  other  rocks  are  reduced  to  sand  and  gravel  by  the 
flooded  streams.  So  great  is  the  superficial  waste  (or  denudation),  that 
what  would  otherwise  be  a  rich  and  luxuriantly  wooded  region,  is  con- 
verted into  a  wild  and  barren  moorland. 

After  the  current  of  warm  air  has  been  thus  drained  of  a  large  por- 
tion of  its  xaoisture,  it  still  continues  its  northerly  course  to  the  opposite 
flank  of  the  Khasia  range,  only  20  miles  farther  north,  and  here  the 
fall  of  rain  is  reduced  to  70  inches  in  the  year.  The  same  wind  then 
blows  northwards  across  the  valley  of  the  Brahmapootra,  and  at  length 
arrives  so  dry  and  exhausted  at  the  Bhootan  Himalaya  (lat  28^  N.),  that 
those  mountains,  up  to  the  height  of  5000  feet,  are  naked  and  sterile^ 
and  all  their  outer  valleys  arid  and  dusty.     The  aerial  current  still  coa- 

•  Miller,  PhU.  Traiw.  1861,  p.  155.  f  PkiL  Tnuia  1850,  jk  854. 
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timm^  its  noiiheiiy  course  and  aseendkig  to  a  higlier  r^on,  beeomes 
fiuiher  cooled,  coDdensation  again  ensues,  and  Bhootan,  above  5000 
feet,  is  densely  clothed  with  Tegetation.* 

In  another  part  ci  India,  immediately  to  the  westward,  similar  phe- 
nomena are  repeated.  The  same  warm  and  humid  winds,  copiously 
charged  with  aqueous,  vapor  from  the  Bay  of  Bengal,  hold  their  course 
due  north  for  800  miles  across  the  flat  and  hot  plams  of  the  Ganges, 
till  they  encounter  the  lofty  Sikkim  mountains.  (See  map.  Chap. 
XVIII.)  On  the  southern  flank  of  these  they  dischai^e  such  a  deluge 
of  nun  that  the  rivers  in  the  rainy  season  rise  twelve  feet  in  as  many 
hours.  Numerous  landslips,  some  of  them  extending  three  or  four 
thousand  feet  along  the  face  of  the  mountains,  composed  of  granite, 
gneias,  and  slate,  descend  into  the  beds  of  streams,  and  dam  them  up 
for  a  time,  causing  temporary  lakes,  which  soon  burst  their  barriers. 
**  Day  and  night,"  says  Dr.  Hooker,  "  we  heard  the  crashing  of  falling 
trees,  and  the  sound  of  boulders  thrown  violently  against  each  other  in 
Ihe  beds  of  torrents.  By  such  wear  and  tear  rocky  fragments  swept 
down  from  the  hills  are  in  part  converted  into  sand  and  fine  mud ;  and 
the  turbid  Ganges,  during  its  annual  inundation,  derives  more  of  its 
sediment  from  this  source  than  from  the  waste  of  the  fine  clay  of  the 
alluvial  plains  below.f 

On  the  verge  of  the  tropics  a  greater  quantity  of  rain  foils  annually 
than  at  the  equator.  Yet  parts  even  of  the  tropical  latitudes  are  en- 
tniely  destitute  of  rain :  Peru,  for  example,  which  owes  its  vegetation 
aoldy  to  rivers  and  nightly  dews.  In  tlmt  country  easterly  winds  pre- 
vail, blowing  from  the  Pacific,  and  these  being  intercepted  by  the  Andes, 
and  ooolcd  as  they  rise,  are  made  to  part  with  all  their  moisture  before 
reaching  the  low  region  to  the  leeward.  The  desert  zone  of  North 
Africa,  between  lat.  15°  and  30°  N.,  is  another  instance  of  a  rainless 
region.  Five  or  six  consecutive  years  may  pass  in  Upper  Eg3rpt,  Nubia, 
and  Dongola,  or  in  the  Desert  of  Sahara,  without  rain. 

From  the  facts  above  mentioned,  the  reader  will  infer  that  in  the 
course  of  successive  geological  periods  there  will  be  great  variations  in 
the  quantity  of  rain  falling  in  one  and  the  same  region.  At  one  time 
there  may  be  none  whatever  during  the  whole  year ;  at  another  a  fall 
of  100  or  500  inches;  and  these  two  last  averages  may  occur  on  the 
two  opposite  flanks  of  a  mountain-chain,  not  more  than  20  miles  wide. 
IfVhile,  therefore,  the  valleys  in  one  district  are  widened  and  deepened 
annually,  they  may  remain  stationary  in  another,  the  superficial  soil 
being  protected  from  waste  by  a  dense  covering  of  vegetation.  This 
diversity  depends  on  many  geographical  circumstances,  but  principally 
on  the  height  of  the  land  above  the  sea,  the  direction  of  the  prevaifing 
winds,  and  the  relative  position,  at  the  time  being,  of  the  plains,  hills, 
and  the  ocean,  conditions  all  of  which  are  liable  in  the  oourse  of  ages  to 
imdei]go  a  complete  revolution. 

•  Hooker't  HimAUyaQ  JmarjJ,  ined.  f  Ibid. 
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JBeomi  ram^pri$U».f^'Wheia  ^^sMaaamg,  m  1842,  ike  extensiye  mod* 
flato  of  NovB  Seo4ia»  whush  are  exposed  at  low  tide  on  the  borden  at 
the  Bay  of  Fundy,  I  observed  not  only  the  foot-'printa  of  bircLi  whieh 
had  recently  paaeed  over  the  mad,  but  also  very  dktbet  impressiona  of 
rain-drops.  A  peculiar  combinatioa  of  circumstances  renders  these 
mud-flats  admirably  fitted  to  receive  and  retain  any  markings  which 
may  happen  to  be  made  on  their  surface.  The  sediment  with  which 
the  waters  are  chai^ged  is  extremely  fine,  beii^  derived  from  the  destruc- 
tion of  cliffii  of  red  sandstone  and  shale,  and  as  the  tides  rise  fifty  feet 
and  upwards,  lai^e  areas  are  laid  dry  for  nearly  a  fortmght  between  the 
spring  and  neap  tides.  In  this  interval  the  mud  is  baked  in  summer 
by  a  hot  sun,  so  that  it  solidifies  and  becomes  traversed  by  cracks, 
caused  by  shrinkage.  Portions  of  the  hardened  mud  between  these 
cracks  may  then  be  taken  up  and  removed  without  injury.  On  examin- 
ing the  edges  of  each  slab,  we  observe  numerous  layers,  formed  by- 
successive  tides,  each  layer  being  usually  very  thin,  sometimes  only 
one-tenth  of  an  inch  thick.  When  a  shower  of  rain  falls,  the  highest 
portion  of  the  mud-6overed  flat  is  usuidly  too  hard  to  receive  any  im- 
pressions ;  while  that  recently  uncovered  by  the  tide  near  the  water's 
edge  is  too  soft  Between  these  areas  a  zone  occurs,  almost  as  smooth 
and  even  as  a  looking-glass,  on  which  every  drop  forms  a  cavity  of  cir- 
cular or  oval  form,  and,  if  the  shower  be  transient^  these  pits  retain 
their  shape  permanently,  being  dried  by  the  sun,  and  bemg  then  too 
firm  to  be  effiEtced  by  the  action  of  the  succeeding  tide,  which  deposits 
upon  them  a  new  layer  of  mud.  Hence  we  often  find,  in  splitting  open 
a  slab  an  inch  or  more  thick,  on  the  upper  surface  of  which  the  marks 
of  recent  rain  occur,  that  an  infeiior  layer,  deposited  during  some  pre- 
vious rise  of  the  tide,  exhibits  on  its  under  side  perfect  casts  of  rain- 
prints,  which  stand  out  in  relief,  the  moulds  of  the  same  bmng  seen  on 
the  layer  below.  But  in  some  cases,  especially  in  the  more  sandy 
layers,  the  markings  fasive  been  somewhat  blunted  by  the  tide,  and  by 
several  rain-prints  having  been  joined  into  one  by  a  repetition  of  drops 
falling  on  the  same  spot ;  in  which  case  the  casts  present  a  very  irregu- 
lar and  blistered  appearance. 

The  finest  examples  which  I  have  seen  c^  these  rain-prints  were  sent 
to  me  by  Dr.  Webster,  from  Kentville,  on  the  borders  of  the  Bay  of 
Mines,  in  Nova  Scotia.  They  were  made  by  a  heavy  shower  which 
fell  on  the  21  St  of  July,  1649,  when  the  rise  and  fall  of  the  tides  were 
at  their  maximum.  The  impressions  (see  fig.  13)  consbt  of  cup-shaped 
or  hemispherical  cavities,  the  average  size  of  which  is  ^m  one-eightii 
to  one-tenth  of  an  inch  across,  but  the  largest  are  fully  half  an  inch  in 
diameter,  and  one-tenth  of  an  inch  deep.  The  depth  is  chiefly  below 
the  general  surface  or  plane  of  strati6cation,  but  the  walls  of  the  cavity 
consist  partly  of  a  prominent  rim  of  sandy  mud,  formed  of  the  matter 
which  has  been  forcibly  expelled  from'  the  pit.  All  the  cavities  having 
an  oval  form  are  deeper  at  one  end,  where  they  have  also  a  higher  rim, 
and  all  the  deep  ends  have  the  same  direction,  showing  towards  which 
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qoarter  tJbe  wind  was  blowiog.  Two  or  more  drops  are  sometimee  B9fiik 
to  have  interfered  with  each  other ;  in  which  caae  it  is  usoallj  possiU/s 
to  detsnaiiw  which  drop  fell  last^  its  rim  being  unbroken. 


B«ceDt  niD-printA,  formed  July  21, 1849,  at  Kentville,  Bay  of  Tandy,  Nora  Scotia. 
The  arrow  reprMents  the  direction  of  the  shower. 

On  some  of  the  specimens  the  winding  tubular  tracks  of  worms  are 
D,  which  have  been  bored  just  beneath  the  suilaee  (see  fig.  IS,  kfi 
«u2e).  They  occasionally  pass  under  the  middle  of  a  rain-mark,  having 
been  formed  subsequenUy.  Sometimes  the  worms  have  dived  beneath 
the  surface,  and  then  reappeared.  All  these  appearances,  both  of  rain- 
pnnts  and  worm-tracks,  are  of  great  geological  interest,  as  their  exact 
counterparts  are  seen  in  rocks  of  various  ages*  even  in  formations  of 
very  high  antiquity.*  Small  cavities,  often  corresponding  in  size  to 
those  produced  by  rain,  are  also  caused  by  air-bubbles  rising  up  through 
sand  or  mud ;  but  these  differ  m  character  from  rain,  prints,  being  usually 
deeper  thau  they  are  wide,  and  having  their  sides  steepen  These, 
mdeed,  are  occasionally  vertical,  or  overarching,  the  opening  at  the 
top  being  narrower  than  the  pit  below.  In  their  mode,  also,  of  mutual 
interference  they  are  unlike  rain-prints.f 

In  consequence  of  the  effects  of  mountains  in  cooling  currents  of  moist 
air,  and  causing  the  condensation  of  aqueous  vapor  in  the  manner  above 
described,  it  follows  that  in  every  country,  as  a  general  rule,  the  more 
elevated  regions  become  perpetual  reservoirs  of  water,  which  descends 
and  irrigates  the  lower  valleys  and  plains.  The  largest  quantity  of 
water  is  first  carried  to  the  highest  region,  and  then  made  to  descend 
by  steep  declivities  towards  the  sea ;  so  that  it  acquires  superior  velocity, 
and  removes  more  soil,  than  it  would  do  if  the  rain  had  been  distributed 
over  the  plains  and  mountains  equally  in  proportion  to  their  relative 

♦  See  lianufl]  of  Geology,  Index,  Rain-prinii, 

f  See  Lyell  on  recent  and  foesil  rains.  Quart  Joum.  GeoL  Soc  1851,  vol  viL 
p.M9. 
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areas.  The  water  is  also  made  by  tliese  means  to  pass  over  the  greatest 
distances  before  it  can  regain  the  sea. 

It  has  ah'eady  been  observed  that  in  higher  latitudes,  where  the  at- 
mosphere being  colder  is  capable  of  holding  less  water  in  suspension, 
a  diminished  fall  of  rain  takes*  place.  Thus  at  St  Petersburg,  the 
amount  is  only  16  inches,  and  at  Uleaborg  in  the  Gulf  of  Bothnia  (N. 
lat  65^},  only  13  i  inches,  or  less  than  half  the  average  of  England,  and 
even  this  small  quantity  descends  more  slowly  m  the«temperate  zone, 
and  is  spread  more  equally  over  the  year  than  in  tropical  climates.  But 
in  reference  to  geological  changes,  frost  in  the  colder  latitude  acts  as  a 
compensating  power  in  the  dbintegratiou  of  rocks,  and  the  transportation 
of  stones  to  lower  levels. 

Water  when  converted  into  ice  augments  in  bulk  more  than  one- 
twentieth  of  its  volume,  and  owing  to  this  property  it  widens  the  minute 
crevices  {or  joints)  of  rocks  into  which  it  penetrates.  Ice  aiso  in  various 
ways,  as  will  be  shown  in  the  next  chapter,  gives  buoyancy  to  mud  and 
sand,  even  to  huge  blocks  of  stone,  enabling  rivers  of  moderate  sise  and 
velocity  to  carry  them  to  a  great  distance. 

The  mechanical  force  exerted  by  running  water  m  undermining  cU£&> 
and  rounding  off  the  angles  of  hard  rock,  is  mainly  due  to  the  intermix- 
ture of  foreign  ingredients.  Sand  and  pebbles,  when  hurried  along  by 
the  violence  of  the  stream,  are  thrown  against  every  obstacle  lying  in 
their  way,  and  thus  a  power  of  attrition  is  acquired,  capable  of  wearing 
through  the  hardest  siliceous  stones,  on  which  water  alone  could  make 
no  impression. 

Newly  farmed  valleys, — ^When  travelling  in  Georgia  and  Alabama,  in 
1846, 1  saw  in  both  those  States  the  commencement  of  hundreds  of 
valleys  in  places  where  the  native  forest  had  recently  been  removed. 
One  of  these  newly  formed  gulleys  or  ravines  is  represented  in  the  an- 
nexed woodcut  (fig.  14),  from  a  drawing  which  I  made  on  the  spot. 
It  occurs  three  miles  and  a  half  du^Vest  of  Milledgeville,  the  capital 
of  Georgia,  afid  is  situated  on  the  farm  of  Pomona,  on  the  direct  road 
to  Macon.* 

Twenty  years  ago,  before  the  land  was  cleared,  it  had  no  existence ; 
but  when  the  trees  of  the  forest  were  cut  down,  cracks  three  feet  deep 
were  caused  by  the  sun's  heat  in  the  clay ;  and,  during  the  rains,  a  sud- 
den rush  of  water  through  the  principal  crack  deepened  it  at  its  lower 
extremity,  from  whence  the  excavating  power  worked  backwards,  till, 
in  the  course  of  twenty  years,  a  chasm,  measuring  no  less  than  55  feet 
in  depth,  800  yards  in  length,  and  varying  in  width  from  20  to  180 
feet,  was  the  result  The  high  road  has  been  several  times  turned  to 
avoid  this  cavity,  the  enlargement  of  which  is  still  proceeding,  and  the 
old  line  of  road  may  be  seen  to  have  held  its  course  directly  over  what 
is  now  the  wildest  part  of  the  ravine.  In  the  perpendicular  walls  of  this 
great  chasm  appear  beds  of  clay  and  sand,  red,  white,  yellow,  and 

•  Lyell's  SeoQDd  Visit  to  the  United  States,  184S,  vol  iL  p.  86. 
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BtTioe  on  the  fkrm  of  PomonR,  near  Mil)e<lgeville.  Georgia,  as  it  appeared  JaDoazy,  1846L 
Excarated  In  twenty  years,  55  (bet  deep,  and  ISO  feet  broad. 

green,  produced  by  the  decomposition  in  situ  of  homblendic  gneiss,  with 
layers  and  veins  of  quartz,  which  remain  entire,  to  prove  that  the  whole 
mass  was  once  solid  and  crystallme. 

I  infer,  from  the  rapidity  of  the  denudation  which  only  began  here 
after  the  removal  of  the  native  wood,  that  this  spot»  elevated  about 
600  feet  above  the  sea,  has  been  always  covered  with  a  dense  forest^ 
from  the  remote  time  when  it  first  emerged  from  the  sea.  The  termi- 
nation of  the  cavity  on  the  right  hand  in  the  foreground  is  the  head 
or  upper  end  of  the  ravine,  and  in  almost  every  case,  such  gulleys  are 
lengthened  by  the  streams  cutting  their  way  backwards.  The  depth 
at  the  upper  end  is  often,  as  in  this  case,  considerable,  and  there  is 
usually  at  this  point,  during  floods,  a  small  cascade. 

Sinuosities  of  rivers. — In  proportion  as  such  valleys  are  widened; 
abuosities  are  caused  by  the  deflection  of  the  stream  first  to  one  side 


906  TRAJSnaPOBTtNO  POWEB  OF  WATBB.  [CB-  XTT 

and  then  to  the  other.  The  unequal  hardness  of  the  materials  through 
which  the  channel  is  eroded  tends  partly  to  gi^e  new  directions  to  the 
lateral  force  of  excavation.  When  hy  these,  or  by  accidental  shifdngs 
of  the  alluyial  matter  m  the  channel,  the  current  is  made  to  cross  ita 
general  line  of  descent,  it  eats  out  a  curve  in  the  <^po8ite  hank,  or  in 
the  side  of  the  hilb  bounding  the  valley,  fran  whieh  ourve  it  is  turned 
back  again  at  an  equal  angle,  so  that  it  recroeses  the  line  of  descent, 
and  gradually  hollows  out  another  ciffve  lower  down  ia  the  opposite 
bank,  till  the  whole  sides  of  the  valley,  or  river  bed,  present  a  succes- 
sion of  salient  and  retiring  angles.  Amcmg  the  caufces  of  deviation 
from  a  straight  coarse,  by  which  torrents  and  rivers  tend  in  mountain- 
ous regions  to  widen  the  valleys  through  which  they  flow,  may  be  men- 
tioned the  confluence  of  lateral  torrents,  swollen  irt^rularty  at  different 
seasons  by  partial  stonns,  and  discharging  at  different  tinies  unequal 
quantities  of  sand,  mud,  and  pebbles,  into  the  main  ehanoe). 

When  the  tortuous  flexures  of  a  river  are  extremely  grM;,  as  often 
happens  in  alluvial  plains,  the  aberratioit  from  the  diiect  line  of  descent 
may  be  restored  by  the  river  cutting  through  the  isthmus  which  sepa- 
rates two  neighbcNring  curves.  Thus  in  the  annexed  diagram,  the 
extreme  tinuosity  of  the  river  has  caueed  it  to  return  for  a  brief  space 


in  a  contrary  direction  to  its  main  cottrse,  so  that  a  peninsula  is  formed, 
and  the  isthmus  (at  a)  is  consumed  on  both  sides  by  currents  flowing  in 
opposite  directions.  In  this  case  an  island  is  soon  formed,— on  either 
side  of  which  a  portion  of  the  stream  usually  remains. 

Transporting  power  o/vtater. — In  regard  to  the  transporting  power 
of  water,  we  may  often  be  surprised  at  the  facility  with  which 
streams  of  a  small  size,  and  descending  a  slight  declivity,  bear  along, 
coarse  sand  and  gravel ;  for  we  usualty  estimate  the  weight  of  rocks 
in  air,  and  do  not  reflect  on  therr  comparative  buoyancy  when  sub* 
merged  in  a  denser  fluid.  The  specific  gravity  of  many  rocks  is  not 
more  than  twice  that  of  watery  and  very  rarely  more  than  thriee,  so 
that  almost  all  the  fragments  propelled  by  a  stream  have  lost  a  third, 
«nd  many  of  them  a  half,  of  what  we  usually  term  their  weight. 

It  has  been  proved  by  experiment,  in  contradiction  to  the  theories 
of  the  eariier  writera  on  hydrostatics,  to  be  a  universal  law,  regulating 
the  motion  of  running  water,  that  the  velocity  at  the  bottom  of  the 
stream  is  everywhere  less  than  in  any  part  above  it,  and  is  greatest  at 
the  surface.  Also  that  the  superficial  particles  m  the  middle  of  the 
stream  move  swifter  than  those  at  the  sides.  This  retaidation  of  the 
lowest  and  lateral  currents  is  produced  by  friction ;  and  when  the 
velodty  is  sufficiently  great,  the  soil  eomposmg  the  sides  and  bottom 
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•  • 
ghres  way.    A  velocity  of  three  inches  per  second  at  the  bottom  k 
ascertained  to  be  sufficient  to  tear  up  fine  clay,«-^iz  inches  per  second, 
fine  sand, — twelve  inches  per  second,  fine  gravel,— -and  three  feet  per 
second,  stones  of  the  size  of  an  egg* 

When  this  mechanical  power  of  running  water  is  considered,  we  are 
prepared  for  the  transportation  before  alluded  to  of  large  quantities  of 
gravel,  sand,  and  mud,  bj  torrents  which  descend  from  mountainous  , 
regions.  But  a  question  naturally  arises.  How  the  more  trilnquil  rivers 
of  the  valleys  and  plains,  flowing  on  comparatively  level  ground,  can 
remove  the  prodigious  burden  which  is  discharged  into  them  by  their 
mnnerous  tributaries,  and  by  what  means  they  are  enabled  to  convey 
the  whole  mtes  to  the  sea  ?  If  they  had  not  this  remoring  power, 
their  channels  would  be  annually  choked  up,  and  the  valleys  of  the 
lower  country,  and  plains  at  the  base  of  mountain-chains,  would  be 
continually  strewed  over  with  fragments  of  rock  and  sterile  sand.  But 
thiB  evil  is  prevented  by  a  general  law  regulating  the  conduct  of  nm- 
nii^  water, — ^that  two  equal  streams  do  not,  when  united,  occupy  a 
bed  of  double  surface.  Nay,  the  width  of  the  principal  river,  after  the 
junction  of  a  tributary,  sometimes  remains  the  same  as  before,  or  is 
even  lessened.  The  cause  of  this  apparent  paradox  was  long  ago 
explained  by  the  Italian  writers,  who  had  studied  the  confluence  of  the 
Po  and  its  feeders  m  the  plains  of  Lombardy. 

The  addition  of  a  smaller  river  augments  the  velocity  of  the  miun 
stream,  often  in  the  same  proportion  as  it  does  the  quantity  of  water. 
Thus  the  Venetian  branch  of  the  Po  swallowed  up  the  Ferranese 
bruicb  and  that  of  Panaro  without  any  enlargement  of  its  own  dimen- 
sions. The  cause  of  the  greater  velocity  is,  first,  that  after  the  union 
of  two  rivers  the  water,  in  place  of  the  friction  of  four  shores,  has 
only  that  of  two  to  surmount ;  2dly,  because  the  main  body  of  the 
str^m  being  farther  distant  from  the  banks,  flows  on  with  less  inter- 
ruption ;  and  lastly,  because  a  greater  quantity  of  water  moving  more 
swiftly,  digs  deeper  into  the  river's  bed.  By  this  beautiful  adjustment, 
the  water  which  drains  the  interior  country  is  made  continually  to 
occupy  less  room  as  it  approaches  the  sea ;  and  thus  the  most  valuable 
part  of  our  continents,  the  rich  deltas  and  great  alluvial  plains,  are  pre- 
vented from  being  constantly  under  water. 

Biver  floods  in  Scotland,  1829. — Many  remarkable  Hlustrations  of 
the  power  of  running  water  in  moving  stones  and  heavy  materials  were 
afforded  by  the  storm  and  floods  which  occurred  on  the  8d  and  4th 
of  August,  1829,  in  Aberdeenshire  and  other  counties  in  Scotland. 
The  elements  during  this  storm  assumed  all  the  characters  which  mark 
the  tropical  hmticanes ;  the  wind  blowing  in  sudden  gusts  and  whirl- 
winds, the  lightAmg  and  thunder  being  such  as  is  rarely  witnessed  in 
our  climate,  and  heavy  rain  falling  without  intermission.  The  floods 
extended  almost  simultaneously,  and  with  equal  violence  over  that  part 

*  Eacyc  Brit  wi  JU^n. 
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of  the  northeast  of  Scotland  which  would  be  cut  oflF  by  two  lines 
drawn  from  the  head  of  Lochrannoch»  one  towards  Inverness  and  the 
other  to  Stonehaven.  The  united  line  of  the  different  rivers  which 
were  flooded,  could  not  be  less  than  from  five  to  six  hundred  miles  in 
length ;  and  the  whole  of  then*  courses  were  marked  by  the  destruc- 
tion of  bridges,  roads^  crops,  and  buildings.  Sir  T.  D.  Lauder  has 
recorded  the  destruction  of  thirty-eight  bridges,  and  the  entire  obliter- 
ation of  a  great  number  of  farms  and  hamlets.  On  the  Nairn,  a  frag- 
ment of  sandstone,  fourteen  feet  long  by  three  feet  wide  and  one  foot 
thick,  was  carried  above  200  yards  down  the  river.  Some  new  ravines 
were  formed  on  the  sides  of  mountains  where  no  streams  had  previous- 
ly flowed,  and  ancient  river-channels,  which  had  never  been  filled  from 
time  immemorial,  gave  passage  to  a  copious  flood.* 

The  bridge  over  the  Dee  at  Ballater  consisted  of  five  arches,  having 
upon  the  whole  a  water-way  of  260  feet.  The  bed  of  the  river,  on  which 
the  piers  rested,  was  composed  of  rolled  pieces  of  granite  and  gner*a. 
The  bridge  was  built  of  granite,  and  had  stood  uninjured  for  twenty 
years ;  but  the  different  parts  were  swept  away  in  succession  by  the 
flood,  and  the  whole  mass  of  masonry  disappeared  in  the  bed  of  the 
river.  "  The  river  Don,"  observes  Mr.  Fai-quharson,  in  his  account  ol 
the  inundations,  ''  has  upon  my  own  premises  forced  a  mass  of  four  or 
five  hundred  tons  of  stones,  many  of  them  two  or  three  hundred  pounds' 
weight,  up  an  inclined  plane,  rising  six  feet  in  eight  or  ten  yards,  and 
left  them  in  a  rectangular  heap,  about  three  feet  deep  on  a  flat  ground : 
— ^the  heap  ends  abruptly  at  its  lower  extremity,  "f 

The  power  even  of  a  small  rivulet,  when  swollen  by  rain,  in  remov- 
ing heavy  bodies,  was  exemplified  in  August,  1827,  m  the  College,  a 
small  stream  which  flows  at  a  slight  declivity  from  the  eastern  water- 
shed of  the  Cheviot  Hills.  Several  thousand  tons'  weight  of  gravel  and 
sand  were  transported  to  the  plain  of  the  Till,  and  a  bridge,  then  in 
progress  of  building,  was  carried  away,  some  of  the  arch-stones  ol 
which,  weighing  from  half  to  three  quarters  of  a  ton  each,  were  pn>- 
pelled  two  miles  down  the  rivulet.  On  the  same  occasion,  the  current 
tore  away  from  the  abutment  of  a  mill-dam  a  laige  block  of  greenstone- 
porphyry,  weighing  nearly  two  tons,  and  transported  it  to  the  distance 
of  a  quarter  of  a  mile.  Instances  are  related  as  occurring  repeatedly, 
in  which  from  one  to  three  thousand  tons  of  gravel  are,  in  like  manner, 
removed  by  this  streamlet  to  still  greater  distances  in  one  day.J 

Floods  caused  by  landslips,  1826. — ^The  power  which  running  water 
may  exert  in  the  lapse  of  ages,  in  widening  and  deepening  a  valley, 
does  not  so  much  depend  on  the  volume  and  velocity  of  the  stream 
usually  flowing  in  it,  as  on  the  number  and  magnitude  of  the  obstruc- 
tions which  have,  at  different  periods,  opposed  its  free  passage.  11  a 
torrent,  however  small,  be  effectually  dammed  up,  the  size  of  the  valley 

*  8ir  T.  D.  Laader*0  Account  of  the  Great  Floods  in  Morayshire,  Aiigust,  182IL 
+  Quarterly  Jour,  of  ScL  Aa  Na  xiL  New  SeriesL  ix  881. 
X  Oilley,  Proceed.  GeoL  See  1829. 
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above  tbe  barrier,  and  its  decliyity  below,  and  not  the  dimensions  of 
the  torrent,  will  determine  the  violence  of  the  d^bicle.  The  most  uni- 
versal source  of  local  deluges,  are  landslips,  slides,  or  avalanches,  as 
thej  are  sometimes  called,  when  great  masses  of  rock  and  soil,  or  some- 
times ice  and  snow,  are  precipitated  into  the  bed  of  a  river,  the  bound- 
aiy  cliffs  of  which  have  been  thrown  down  by  the  shock  of  an  earth- 
quake, or  undermined  by  springs  or  other  causes.  Volumes  might  be 
filled  with  the  enumeration  of  instances  on  record  of  these  terrific  catas- 
trophes ;  I  shall  therefore  select  a  few  examples  of  recent  occurrence, 
the  facts  of  which  are  well  authenticated. 

Two  dry  seasons  in  the  White  Mountains,  in  New  Hampshire  (United 
States),  were  followed  by  heavy  rains  on  the  28th  August,  1826,  when 
from  the  steep  and  lofty  declivities  which  rise  abruptly  on  both  sides  of 
the  river  Saco,  innumerable  rocks  and  stcnes,  many  of  sufficient  size  to 
fill  a  common  apartment,  were  detached,  and  in  their  descent  swept 
down  before  them,  in  one  promiscuous  and  frightful  ruin,  forests,  shrul^ 
and  the  earth  which  sustained  them.  Although  there  are  numerous 
indications  on  the  steep  sides  of  these  hills  of  former  slides  of  the  same 
kind,  yet  no  tradition  had  been  handed  down  of  any  simDar  catastrophe 
within  the  memory  of  man,  and  the  growth  of  the  forest  on  the  very 
spots  now  devastated,  clearly  showed  that  for  a  long  interval  nothing 
similar  had  occurred.  One  of  these  moving  masses  was  afterwards 
found  to  have  slid  three  miles,  with  an  average  breadth  of  a  quarter  of 
a  mile.  The  natural  excavations  commenced  generally  in  a  trench  a  few 
yards  m  depth  and  a  few  rods  in  width,  and  descended  the  mountains, 
widening  and  deepening  till  they  became  vast  chasms.  At  the  base  of 
these  hollow  ravines  was  seen  a  confused  mass  of  ruins,  consisting  of 
transported  earth,  gravel,  rocks,  and  trees.  Forests  of  spruce-fir  and 
hemlock,  a  kind  of  fir  somewhat  resembling  our  yew  in  foliage,  were 
prostrated  with  as  much  ease  as  if  they  had  been  fields  of  grain ;  for, 
where  they  disputed  the  ground,  the  torrent  of  mud  and  rock  accumu- 
lated behind,  till  it  gathered  sufficient  force  to  burst  the  temporary  barrier. 

The  valleys  of  the  Amonoosuck  and  Saco  presented,  for  many  miles, 
an  uninterrupted  scene  of  desolation ;  all  the  bridges  being  carried  away, 
as  well  as  those  over  their  tributary  streams.  In  some  places,  the  road 
was  excavated  to  the  depth  of  from  fifteen  to  twenty  feet ;  in  others,  it 
was  covered  with  earth,  rocks,  and  trees,  to  as  great  a  height.  The 
water  flowed  for  many  weeks  after  the  flood,  as  densely  charged  with 
earth  as  it  could  be  without  being  changed  into  mud,  and  marks  were 
seen  in  various  localities  of  its  havmg  risen  on  either  side  of  the  valley  to 
more  than  twenty-five  feet  above  its  ordinary  level.  Many  sheep  and 
cattle  were  swept  away,  and  the  Willey  family,  nine  in  number,  who  in 
alarm  had  deserted  their  house,  were  destroyed  on  the  banks  of  the 
Saco ;  seven  of  their  mangled  bodies  were  afterwards  found  near  the 
river,  buried  beneath  drift-wood  and  mountain  ruins.*    Eleven  years^ 

•  SOliman's  Journal,  vol  zv.  Na  2,  p.  216.    Jan.  1899 
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after  the  event,  the  deep  channels  worn  bj  the  avalanches  of  mud  and 
stone,  and  the  immense  heaps  of  bouldei^  and  blocks  of  granite  in  the 
river  channel,  still  formed,  says  Professor  Hubbard,  a  picturesque  featuro 
in  the  scenery.* 

When  I  visited  the  country  in  1845,  eight  years  after  Professor 
Hubbard,  I  found  the  signs  of  devastation  still  very  striking ;  I  also  par- ' 
ticularly  remarked  that  although  the  surface  of  the  bare  granitic  rocks 
had  been  smoothed  by  the  passage  over  them  of  so  much  mud  and  stone* 
there  were  no  continuous  parallel  and  rectilinear  furrows,  nor  any  of  the 
fine  scratches  or  strise  which  characterize  glacial  action.  The  absence 
of  these  is  nowhere  more  clearly  exemplified  than  in  the  bare  rocks  over 
which  passed  the  great  "  Willey  slide"  of  1826.f 

But  the  catastrophes  in  the  White  Mountains  are  insignificant,  when 
compared  to  those  which  are  occasioned  by  earthquakes,  when  the 
boundary  hills,  for  miles  in  length,  are  thrown  down  into  the  hollow  of 
a  valley.  I  shall  have  opportunities  of  alluding  to  inundations  of  this 
kind,  when  treating  expressly  of  earthquakes,  and  shall  content  myself 
at  present  with  selecting  an  example  of  a  flood  due  to  a  di£Perent  cause. 

Flood  in  ths  valley  of  Bagnt9,  1818. — ^Th©  valley  of  Bagnes  is  one  <A 
the  lai^est  of  the  lateral  embranchments  of  the  main  valley  of  the  Rhone, 
above  the  Lake  of  Geneva.  Its  upper  portion  was,  in  1818,  converted 
into  a  lake  by  the  damming  up  of  a  narrow  pass,  by  avalanches  of  snow 
and  ice,  precipitated  from  an  elevated  glacier  into  the  bed  of  the  river 
Dranse.  In  the  wmter  season,  during  continued  frost,  scarcely  any 
water  flows  in  the  bed  of  this  river  to  preserve  an  open  channel,  so  that 
the  ice  barrier  remained  entire  until  the  melting  of  the  snows  in  spring, 
when  a  lake  was  formed  above,  about  half  a  league  in-  length,  which 
finally  attained  in  some  parts  a  depth  of  about  two  hundred  feet,  and  a 
width  of  about  seven  hundred  feet.  To  prevent  or  lessen  the  mischief 
apprehended  from  the  sudden  bursting  of  the  barrier,  an  artificial  gallery, 
seven  hundred  feet  in  length,  was  cut  through  the  ice,  before  the  waters 
had  risen  to  a  great  height.  When  at  length  they  accumulated  and 
flowed  through  this  tunnel,  they  dissolved  the  ice,  and  thus  deepened 
their  channel,  until  nearly  half  of  the  whole  contents  of  the  lake  were 
slowly  drained  off.  But  at  length,  on  the  approach  of  the  hot  season, 
the  central  portion  of  the  remaining  mass  of  ice  gave  way  with  a  tremen- 
dous crash,  and  the  residue  of  the  lake  was  emptied  in  half  an  hour. 
In  the  courte  of  its  descent,  the  waters  encountered  several  narrow 
gorges,  and  at  each  of  these  they  rose  to  a  great  height,  and  then  burst 
with  new  violence  into  the  next  basin,  sweeping  along  rocks,  forests, 
houses,  bridges,  arid  cultivated  land.  For  the  greater  part  of  its  course 
the  flood  resembled  a  moving  mass  of  rock  and  mud,  .rather  than  ot 
water.  Some  fragments  of  granitic  rocks,  of  enormous  magnitude,  and 
which  from  their  dimensions,  might  be  compaied  without  exaggeration 

*  Silliiiian*8  Journal,  vol  zxziv.  p  115. 
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to  houses,  were  torn  out  of  a  more  ancient  alluvion,  and  borne  down 
for  a  quarter  of  a  mile.  One  of -the  fragments  moved  was  sixty  paces 
in  circunrference.*  The  velocity  of  the  water,  in  the  first  part  of  its 
course,  was  thirty-three  feet  per  second,  which  diminished  to  six  feet 
before  it  reached  the  Lake  of  Geneva,  where  it  arrived  in  six  hours  and 
a  half,  the  distance  being  forty-five  miles.f 

This  flood  left  behind  it,  on  the  plains  of  Martigny,  thousands  of  trees 
torn  up  by  the  roots,  together  with  the  ruins  of  buildings.  Some  of  the 
houses  in  that  town  were  filled  with  mud  up  to  the  second  story.  After 
expanding  in  the  plain  of  Martigny,  it  entered  the  Rhone,  and  did  no 
farther  damage ;  but  some  bodies  of  men,  who  had  been  drowned  above 
Martigny,  were  afterwards  found,  at  the  distance  of  about  thirty  miles, 
floating  on  the  ferther  side  of  the  Lake  of  Geneva,  near  Vevay. 

The  waters,  on  escaping  from  the  temporary  lake,  intermixed  with 
mud  and  rock,  swept  along,  for  the  first  four  miles,  at  the  rate  of  above 
twenty  miles  an  hour ;  and  M.  Escher,  the  engineer,  calculated  that  the 
flood  furnished  800,000  cubic  feet  of  water  every  second — an  efflux 
which  is  five  times  greater  than  that  of  the  Rhine  below  Basle.  Now, 
if  part  of  the  lake  had  not  been  gradually  drained  off,  the  flood  would 
have  been  nearly  double,  approaching  in  rolume  to  some  of  the  largest 
rivers  in  Europe.  Jt  is  evident^  therefore,  that  when  we  aro  speculating 
on  the  excavating  force  which  a  river  may  have  exerted  in  any  particu- 
lar valley,  the  most  important  question  is,  not  the  volume  of  the  existing 
stream,  nor  the  present  levels  of  its  channel,  nor  even  the  nature  of  the 
rocks,  but  the  probability  of  a  succession  of  floods  at  some  period  since 
the  Ixnie  when  the  valley  may  have  been  first  elevated  above  the  sea. 

For  several  months  after  the  d6blU;le  of  1818,  the  Dranse,  having  no 
settled  channel,  shifted  its  position  continually  from  one  side  to  the 
other  of  the  valley,  carrying  away  newly-erected  bridges,  undermining 
houses,  and  continuing  to  be  charged  with  as  large  a  quantity  of  earthy 
matter  as  the  fluid  could  hold  in  suspension.  I  visited  this  valley  four 
BKmtbs  after  the  flood,  and  was  witness  to  the  sweeping  away  of  a 
bridge,  and  the  undermining  of  part  of  a  house.  The  greater  part  of 
the  ice-barrier  was  then  standing,  presenting  vertical  elifis  150  feet  high, 
like  ravines  in  the  lava-currents  of  Etna  or  Auvergne,  where  they  are 
intersected  by  rivers. 

Inundations,  precisely  similar,  are  recorded  to  have  occurred  at  for« 
mer  periods  in  this  district,  and  from  the  same  cause.  In  1595,  for  ex- 
ample, a  hikt  burst,  and  the  waters,  descending  with  irresistible  fury, 
destroyed  the  town  of  Ifertigny,  where  from  sixty  to  eighty  persons 
perished.  In  a  similar  flood,  fifty  years  before,  140  persons  were 
drowned. 

Hood  at  Tivoli,  1826. — ^I  shall  conclude  with  one  more  example 
derived  from  a  land  of  classic  recollectionB,  the  ancient  l^bur,  and  which, 

*  This  block  was  measured  hy  Gapt  K  Hall,  R.  If. 

t  Inuodation  of  the  Val  de  Bagnes,  in  1S18,  Ed.  FhiL  Joom.,  vol  L  p^  187,  from 
memoir  of  M.  EMfaer. 
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like  all  the  other  inundations  above  alluded  to,  occurred  within  the 
present  century.  The  younger  Pliny,  it  will  be  remembered,  describes 
a  flood  on  the  Anio,  which  destroyed  woods,  rocks,  and  houses,  with 
the  most  sumptuous  villas  and  works  of  arts.*  For  four  or  five  centu- 
ries consecutively,  this  '*  headlong  stream,"  as  Horace  truly  called  it, 
has  often  remained  within  its  bounds,  and  then,  after  so  long  an  interval 
of  rest,  has  at  di£ferent  periods  inundated  its  banks  agun,  and  widened 
its  channel.  The  last  of  these  catastrophes  happened  16th  Nov.  1826, 
after  heavy  nuns,  such  as  produced  the  floods  before  alluded  to  in  Scot- 
land. The  waters  appear  also  to  have  been  impeded  by  an  artificial 
dike,  by  which  they  were  separated  into  two  parts,  a  short  distance 
above  TivolL  They  broke  through  this  dike ;  and  leaving  the  left  trench 
dry,  precipitated  themselves,  with  their  whole  weight,  on  the  right  ^de. 
Here  they  undermined,  in  the  course  of  a  few  hours,  a  high  cliff,  and 
widened  the  river's  channel  about  fifteen  paces.  On  this  height  stood 
the  church  of  St.  Lucia,  and  about  thirty-six  houses  of  the  town  of 
Tivoli,  which  were  all  carried  away,  presenting  as  they  sank  into  the 
roaring  flood,  a  terrific  scene  of  destruction  to  the  spectators  on  the  op- 
posite bank.  As  the  foundations  were  gradually  removed,  each  build- 
ing, some  of  them  edifices  of  considerable  height,  was  first  traversed 
with  numerous  rents,  which  soon  widened  into  large  fissures,  until  at 
length  the  roofs  fell  in  with  a  crash,  and  then  the  walls  aunk  into  the 
river,  and  were  hurled  down  the  cataract  below.f 

The  destroying  agency  of  the  flood  came  withm  two  hundred  yards 
of  the  precipice  on  which  the  beautiful  temple  of  Yesta  stands ;  bat 
fortunately  this  precious  relic  of  antiquity  was  spared,  while  the  wre<^ 
of  modem  structures  was  hurled  down  the  abyss.  Yesta,  it  will  be 
remembered,  in  the  heathen  mythology,  personified  the  stability  of  the 
earth ;  and  when  the  Samian  astronomer,  Aristarchus,  first  taught  that 
the  earth  revolved  on  its  axis,  and  round  the  sun,  he  was  publicly  ac- 
cused of  impiety,  "  for  removing  the  everlasting  Yesta  from  her  place." 
Playf{ur  observed,  that  when  Hutton  ascribed  instability  to  the  earth's 
surface,  and  represented  the  continents  which  we  inhabit  as  the  theatre 
of  incessant  change  and  movement,  his  antagonists,  who  regarded  them 
as  imalterable,  assailed  him  in  a  similar  manner  with  accusations  founded 
on  religious  prejudices.^  We  might  appeal  to  the  excavating  power  of 
the  Anio  as  corroborative  of  one  of  the  most  controverted  parts  of  the 
Huttonian  theory ;  and  if  the  days  of  omens  had  not  gone  by,  the  geol- 
ogists who  now  worship  Yesta  might  regard  the  late  catastrophe  as 
portentous.  We  may,  at  least,  recommend  the  modem  votaries  of  the 
goddess  to  lose  no  time  in  making  a  pilgrimage  to  her  shrine,  for  the 
next  flood  may  not  respect  the  temple. 

Excavatkn  of  roeks  by  running  water. — ^The  rapidity  with  which 

*  Lib.  viiL  Epiat  1 7. 

t  When  at  Tivoli,  in  1829, 1  reoeivea  this  aoooont  from  eve-witneasea  of  the 
event. 

t  niustr.  of  Hutt.  Theory,  §  8,  p  147. 
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eyen  the  smallest  streams  hollow  out  deep  chamiels  in  soft  and  destruc- 
tible soOs  is  remarkably  exemplified  in  volcanic  countries,  where  the  sand 
and  half-consolidated  tufis  opposed  but  a  slight  resistance  to  the  torrents 
which  descend  the  mountidn-side.  After  the  heavy  rains  which  followed 
the  eruption  of  Vesuvius  in  1824»  the  water  flowing  from  the  Atrio  de] 
Cavallo  cut,  in  three  days,  a  new  chasm  through  strata  of  tuff  and 
ejected  volcanic  matter,  to  the  depth  of  twenty-five  feet  I  found  the 
old  mule-road,  in  1828,  intersected  by  this  new  ravine. 

The  gradual  erosion  of  deep  chasms  through  some  of  the  hardest  rocks, 
by  the  constant  passage  of  running  water,  charged  with  foreign  matter, 
is  another  phenomenon  of  which  striking  examples  may  be  adduced. 
Dlustrations  of  this  excavating  power  are  presented  by  many  valleys  in 
central  France  where  the  channels  of  rivers  have  been  barred  up  by 
solid  currents  of  lava,  through  which  the  streams  have  re-excavated  a 
passage,  to  the  depth  of  from  twenty  to  seventy  feet  and  upwards,  and 
often  of  great  width.  In  these  cases  there  are  decisive  proofis  that 
neither  the  sea,  nor  any  denuding  waVe  or  extraordinary  body  of  water, 
has  passed  over  the  spot  since  the  melted  lava  was  consolidated.  Every 
hypothesis  of  the  intervention  of  sudden  and  violent  agency  is  entirely 
excluded,  because  the  cones  of  loose  scorias,  out  of  which  the  lavas 
flowed,  are  oftentimes  at  no  great  elevation  above  the  rivers,  and  have 
remained  undisturbed  during  the  whole  period  which  has  been  sufficient 
for  the  hollowing  out  of  such  enormous  ravines. 

Recent  excavation  by  the  Simeto. — But  I  shall  at  present  confine  my- 
self to  examples  derived  from  events  which  have  happened  since  the 
time  of  history. 

At  the  western  base  of  Etna,  a  current  of  lava  (a  a,  fig.  16),  de- 
scending  from  near  the  summit  of  the  great  volcano,  has  flowed  to  the 
distance  of  five  or  six  miles,  and  then  reached  the  alluvial  plain  of  the 
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Seoent  ezesTBtion  of  lava  at  the  foot  of  Stna  by  the  river  Bimeto. 

Simeto,  the  largest  of  the  Sicilian  rivers,  which  skirts  the  base  of  Etna, 
and  falls  into  the  sea  a  few  miles  south  of  Catania.  The  lava  entered 
the  river  about  three  miles  above  the  town  of  Ademo,  and  not  only  oc- 
cupied its  channel  for  some  distance,  but,  crossing  to  the  opposite  side 
of  the  valley,  accumulated  there  in  a  rocky  mass.  Gemmellaro  ^ves 
the  year  1603  as  the  date  of  the  eruption.*    The  appearance  of  the 

*  Qnadro  Istorico  dell'  Etna,  1824. 
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current  clearly  proves,  that  it  is  one  of  the  most  modem  of  tlQose  d 
Etna ;  for  it  has  not  been  covered  or  crossed  bj  subsequent  streams  or 
ejections,  and  the  olives  which  had  been  planted  on  its  surface  were  all 
of  small  size,  when  I  examined  the  spot  in  1828,  yet  they  were  older 
than  the  natural  wood  on  the  same  lava.  In  the  course,  therefore,  of 
about  two  centuries,  the  Simeto  has  eroded  a  passage  from  fifty  to  seve- 
ral hundred  feet  wide,  and  in  some  parts  from  forty  to  fifty  feet  deep. 

The  portion  of  lava  cut  through  is  in  no  part  porous  or  scoriaceons, 
but  consists  of  a  compact  homogeneous  mass  of  hard  blue  rock,  some- 
what inferior  in  weight  to  ordinary  ba<^lt,  and  containing  crystals  of 
olivine  and  glassy  ifelspar.  The  general  aeclivity  of  this  part  of  tht  bed 
of  the  Simeto  is  not  considerable ;  but,  in  consequence  of  the  unequal 
waste  of  the  lava,  two  water-falls  occur  at  Passo  Manzanelli,  each  about 
juz  feet  in  height.  Here  the  chasm  (b,  fig.  16)  is  about  forty  feet  deep, 
and  only  fifty  broad. 

The  sand  and  pebbles  in  the  river-bed  consist  chiefly  of  a  brown 
quartzose  sandstone,  derived  from  the  upper  country  ;  but  the  materials 
of  the  volcanic  rock  itself  must  have  greatly  assisted  the  attrition.  This 
river,  like  the  Caltabiano  on  the  eastern  side  of  Etna,  has  not  yet  cut 
down  to  the  ancient  bed  of  which  it  was  dispossessed,  and  of  which 
the  probable  position  is  indicated  in  the  annexed  diagram  (c,  fig.  16). 

On  entering  the  narrow  ravine  where  the  water  foams  down  the  two 
cataracts,  we  are  entirely  shut  out  from  all  view  of  the  surrounding 
country ;  and  a  geologist  who  is  accustomed  to  associate  the  character- 
istic features  of  the  landscape  with  the  relative  age  of  certain  rocks,  can 
scarcely  dissuade  himself  from  the  belief  that  he  is  contemplating  a 
scene  in  some  rocky  gorge  of  a  primary  district  The  external  forms  of 
the  hard  blue  lava  are  as  massive  as  any  of  the  most  ancient  trap-rocka 
of  Scotland.  The  solid  surface  is  in  some  parts  smoothed  and  almost 
polbhed  by  attrition,  and  covered  in  others  with  a  white  lichen,  whicli 
imparts  to  it  an  air  of  extreme  antiquity,  so  as  greatly  to  heighten  the 
delusion.  But  the  moment  we  reascend  the  chff  the  spell  is  broken ; 
for  we  scarcely  recede  a  few  paces,  before  the  ravine  and  river  disap- 
pear, and  we  stand  on  the  black  and  rugged  .surface  of  a  vast  current  of 
lava,  which  seems  unbroken,  and  which  we  can  trace  up  nearly  to  the 
distant  summit  of  that  majesUc  cone  which  Pindar  called  **  the  pillar  of 
heaven,"  and  which  still  continues  to  send  forth  a  fleecy  wreath  of  va- 
por, reminding  us  that  its  fires  are  not  extinct,  and  that  it  may  again 
give  out  a  rocky  stream,  wherein  other  scenes  like  that  ncm  described 
may  present  themselves  to  future  observers. 

Falls  of  Niagara. — The  falls  of  Niagara  afford  a  magnificent  exam- 
ple of  the  progressive  excavation  of  a  deep  valley  in  solid  rock.  That 
river  flows  over  a  flat  table>land,  in  a  depression  of  which  Lake  Erie 
is  situated.  Where  it  issues  from  the  lake,  it  Is  nearly  a  mile  in  width, 
and  330  feet  above  Lake  Ontario,  which  is  about  30  miles  distant.  For 
the  first  fifteen  miles  below  Lake  Erie  the  surrounding  country,  eom* 
prising  Upper  Canada  on  the  west,  and  the  state  of  New  York  on  the 
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east,  is  almost  on  a  level  with  its  banks,  and  nowhere  more  than  thirty 
or  forty  feet  above  them.*  (See  fig.  11.)  The  river  bemg  occasionaliy 
interspersed  with  low  wooded  islands,  and  having  sometimes  a  width  ol 
three  miles,  glides  along  at  first  with  a  clear,  smooth,  and  tranquil  cur- 
rent, falling  only  fifteen  feet  in  as  many  miles,  and  in  this  part  of  its 
course  resembling  an  arm  of  Lake  Erie.  But  its  character  is  afterwards 
entirely  changed,  on  approaching  the  Rapids,  where  it  begins  to  msH 
and  foam  over  a  rocky  and  uneven  limestone  bottom,  for  the  space  of 
nearly  a  mile,  till  at  length  it  is  thrown  down  perpendicularly  165  feet 
at  the  Falls.  Here  the  river  is  divided  into  two  sheets  of  water  by  an 
bland,  the  largest  cataract  being  more  than  a  third  of  a  mile  broad,  the 
smaller  one  having  a  breadth  of  six  hundred  feet.  When  the  water  has 
precipitated  itself  into  an  unfathomable  pool,,  it  rushes  with  great  ve- 
locity down  the  sloping  bottom  of  a  narrow  chasm,  for  a  distance  of 
seven  miles.  This  ravine  varies  from  200  to  400  yards  in  width  from 
cliff  to  cUff ;  contrasting,  therefore,  strongly  in  its  breadth  with  that  of 
the  river  above.  Its  depth  is  from  200  to  800  feet,  and  it  intersects 
for  about  seven  miles  the  table-land  before  described,  which  terminates 
suddenly  at  Qucenstown  in  an  escarpment  or  long  line  of  inland  cliff 
facing  northwards,  towards  Lake  Ontario.  The  Niagara,  on  reaching 
the  escarpment  and  issuing  from  the  gorge,  enters  the  flat  country, 
which  is  so  nearly  on  a  level  with  Lake  Ontario,  that  there  is  only  a  fall 
of  about  four  feet  in  the  seven  additional  miles  which  intervene  between 
Queenstown  and  the  shores  of  that  lake. 

It  has  long  been  the  popular  belief  that  the  Niagara  once  flowed  in  a 
shallow  valley  across  the  whole  platform,  from  the  present  site  of  the 
Falls  to  the  escarpment  (called  the  Queenstown  heights),  where  it  is 
supposed  that  the  cataract  was  first  situated,  and  that  the  river  has 
been  slowly  eating  its  way  backwards  through  the  rocks  for  the  distance 
of  seven  miles.  This  'hypothesis  naturally  suggests  itself  to  every 
observer,  who  sees  the  narrowness  of  the  gorge  at  its  termination,  and 
throughout  its  whole  course,  as  far  up  as  the  Falls,  above  which 
point  the  river  expands  as  before  stated.  The  boundary  cliffi;  of  the 
ravine  are  usually  perpendicular,  and  in  many  places  undermined  on 
one  side  by  the  impetuous  stream.  The  uppermost  rock  of  the  table- 
land at  the  Falls  consists  of  hard  limestone  (a  member  of  the  Si- 
lurian series),  about  ninety  feet  thick,  beneath  which  lie  soft  shales  of 
equal  thickness,  conUnually  undermined  by  the  action  of  the  spray, 
which  rises  from  the  pool  into  which  so  large  a  body  of  water  is  pi-o- 
jected,  and  is  driven  violently  by  gusts  of  wind  against  the  base  of  the 

*  The  reader  will  find  in  my  Travels  in  North  America,  vol  I  cfa.  2,  a  colored 
geological  map  and  section  of  the  Niagara  district,  also  a  bird*8-eye  view  of  the 
Falls  and  adjacent  country,  colored  geologically,  of  which  the  first  idea  was  sug- 
gested by  the  excellent  original  sketch  given  by  Mr.  Bakewell.  I  have  referred 
more  fully  to  these  and  to  Mr.  Hall's  Report  on  tlie  Geology  of  New  York,  ai 
well  as  to  the  earlier  writings  of  Hennepin  and  Kalm  in  the  same  work,  and  have 
speculated  on  the  origin  of  Uie  escarpment  over  which  the  Falls  may  hove  beec 
originally  precipitated.     Vol  i.  p.  82,  and  voL  iL  p.  98. 
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precipice.  In  eonfiequeoce  of  this  action,  and  that  of  frosty  the  shale 
dismtegrates  and  crumbles  away,  and  portions  of  the  incumbent  rock 
overhang  40  feet,  and  often  when  unsupported  tumble  down,  so  that 
the  Falls  do  not  remain  absolutely  stationary  at  the  same  spot,  even  for 
half  a  century.  Accounts  have  come  down  to  us,  from  the  earliest  pe- 
riod of  observation,  of  the  frequent  destruction  of  these  rocks,  and  tb^ 
sudden  descent  of  huge  fragments  in  1818  and  1828,  are  said  to  have 
shaken  the  adjacent  country  like  an  earthquake.  The  earliest  travel- 
lers, Hennepin  and  Kalm,  who  in  1678  and  1751  visited  the  Falls,  and 
published  views  of  them,  attest  the  fact,  that  the  rocks  have  been  suf- 
fering from  dilapidation  for  more  than  a  century  and  a  half,  and  that 
some  slight  changes,  even  in  the  scenery  of  the  cataract  have  been 
brought  about  within  that  time.  The  idea,  therefore,  of  perpetual  and 
progressive  waste  is  constantly  present  to  the  mind  of  every  beholder ; 
and  as  that  part  of  the  chasm,  which  has  been  the  work  of  the  last 
hundred  and  fifty  years  resembles  precisely,  in  depth,  width,  and  char- 
acter, the  rest  of  the  gorge  which  extends  seven  miles  below,  it  is  most 
natural  to  infer,  that  the  entire  ravine  has  been  hollowed  out  in  the  same 
manner,  by  the  recession  of  the  cataract. 

It  must  at  least  be  conceded,  that  the  river  supplies  an  adequate 
cause  for  executing  the  whole  task  thus  assigned  to  it,  provided  we 
'  grant  stiflGicient  time  for  its  completion.  As  this  part  of  the  country 
was  a  wilderness  till  near  the  end  of  the  last  century,  we  can  obtain 
no  accurate  data  for  estimating  the  exact  rate  at  which  the  cataract  has 
been  receding.  Mr.  Bakewell,  son  of  the  eminent  geologist  of  that 
name,  who  visited  the  Niagara  in  1829,  made  the  first  attempt  to  cal- 
culate from  the  observations  of  one  who  had  lived  forty  years  at  the 
Falls,  and  who  had  been  the  first  settler  there,  that  the  cataract  had 
during  that  period  gone  back  about  a  yard  annually.  But  after  the 
most  careful  inquiries  which  I  was  able  to  make,  during  my  visit  to 
the  spot  in  1841-2, 1  came  to  the  conclusion  that  the  average  of  one 
foot  a  year  would  be  a  much  more  probable  conjecture.  In  that  oase» 
it  would  have  required  thirty-five  thousand  years  for  the  retreat  of  the 
Falls,  from  the  escarpment  of  Queenstown  to  their  present  site.  It 
seems  by  no  means  improbable  that  such  a  result  would  be  no  exagger- 
ation of  the  truth,  although  we  cannot  assume  that  the  retrograde 
movement  has  been  uniform.  An  examination  of  the  geological  struc- 
ture of  the  district,  as  laid  open  in  the  ravme,  shows  that  at  every  step 
in  the  process  of  excavation,  the  height  of  the  precipice,  the  hardness 
of  the  materials  at  its  base,  and  the  quantity  of  fallen  matter  to  be 
removed,  must  have  varied.  At  some  points  it  may  have  receded  much 
faster  than  at  present,  but  in  general  its  progress  was  probably  slower, 
because  the  cataract,  when  it  began  to  recede,  must  have  had  nearly 
twice  its  present  height. 

From  observations  made  by  me  in  1841,  when  I  had  the  advantage 
of  being  accompanied  by  Mr.  Hall,  state  geologist  of  New  York,  and 
in  1842,  when  I  re-examined  the  Niagara  district,  I  obtamed  geologi- 
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cal  eyidenco  of  the  former  existence  of  an  old  river-bed,  which/ 1  have 
no  doubts  indicates  the  original  channel  tiuoi^h  which  the  waters  once 
flowed  from  the  Falls  to  Qoeenatown,  at  the  height  of  nearly  three 
hwidred  feet  above  the  bottom  of  the  present  goige.  The  geological 
monuments  alluded  to»  consist  of  patches  of  sand  and  gravel,  forty  feet 
thick,  containing  fluviatile  shells  of  the  genera  Unio,  Cyclas,  Melania, 
dec,  such  as  now  inhabit  the  waters  of  the  Niagara  above  the  Falls, 
The  identity  of  the  fossil  species  with  the  recent  is  unquestionable,  and 
these  freshwater  deposits  occur  at  the  edge  of  the  cliffs  bounding  the 
ravine,  so  that  they  prove  the  former  extension  of  an  elevated  shallow 
valley,  four  miles  below  the  falls,  a  distinct  prolongation  of  that  now 
occupied  by  the  Niagara,  in  the  elevated  region  intervening  between 
Lake  Erie  and  the  Falls.  Whatever  theory  be  framed  for  the  hollow- 
ing out  of  the  ravine  further  down,  or  for  the  three  miles  which  inter- 
vene between  the  whirlpool  and  Queenstown,  it  will  always  be  necessary 
to  suppose  the  former-  existence  of  a  barrier  of  rock,  not  of  loose  and 
destructible  materials,  such  as  those  composing  the  drift  in  this  district, 
somewhere  immediately  below  the  whirlpool.  By  that  barrier  the 
waters  were  held  back  for  ages,  when  the  fluviaUle  deposit,  40  feet  in 
thickness,  and  250  feet  above  the  present  channel  of  the  river,  origi- 
nated. If  we  are  led  by  this  evidence  to  admit  that  the  cataract  has 
cut  back  its  way  (or  four  miles,  we  can  have  little  hesitation  in  referring 
the  excavation  of  the  remaining  three  miles  below  to  a. like  agency,  the 
shape  of  the  chasm  being  precisely  similar. 

There  have  been  many  speculations  respecting  the  future  recession 
of  the  Falls,  and  the  deluge  that  might  be  occasioned  by  the  sudden 
escape  of  the  waters  of  Lake  Erie,  if  the  ravine  should  ever  be  pro- 
longed 16  miles  backwards.  But  a  more  accurate  knowledge  of  the 
geological  successbn  of  the  rocks,  brought  to  light  by  the  State  Sur* 
vey,  has  satisfied  every  geologist  that  the  Falls  would  diminish  gradu; 
ally  in  height  before  tJiey  travelled  back  two  miles,  and  in  consequence 
of  a  gentle  dip  of  the  strata  to  the  south,  the  massive  limestone  now  at 
the  top  would  then  be  at  their  base,  and  would  retard,  and  perhaps  put 
an  effectual  stop  to,  the  excavating  process. 


CHAPTER  XV. 

TRA.K6P0RTATI0N   OV  SOLID  HATTER  BT  ICE. 

Cvrying  power  of  liver-ice— >RockB  ammaUjr  ooDTejred  into  the  St  Lawrenoe  hf 
'  its  tribat«ri«»— "Grcund-ice ;  its  ongio  and  transporting  power-glaciers— 
Thooty  of  their  downward  movement — Smoothed  and  grooved  rocks — The 
moraine  mistratified — ^Icebergs  covered  with  mad  and  stones — Limits  of  glaciers 
and  icebergs — ^Their  effects  on  the  bottom  when  they  run  aground — Packing 
of  coast-ice — Bonlders  drifted  bj  ice  on  coast  of  Labrador — Bloc£:s  moved  hj 
ice  in  the  Baltic. 

The  power  of  ranning  water  to  carry  sand,  gravel,  and  fragments 
oi  rock  to  conuderable  distances  is  greatly  augmented  in  those  regions 
where,  during  some  part  of  the  year,  the  frost  is  of  sufficient  intensity 
to  conyert  the  water,  either  at  the  surface  or  bottom  of  rivers,  into  ice. 

This  subject  may  be  considered  under  three  different  heads : — ^first, 
the  effect  of  surface-ice  and  ground-ice  in  enabling  streams  to  remove 
gravel  and  stones  to  a  distance ;  secondly,  the  action  of  glaciers  in  the 
transport  of  boulders,  and  in  the  polishing  and  scratching  of  rocks; 
thirdly,  the  floating  off  of  glaciers  charged  with  solid  matter  into  the 
sea,  and  the  drifting  of  icebergs  and  coast-ice. 

Biver-ice, — ^Pebbles  and  small  pieces  of  rock  may  be  seen  entangled 
in  ice,  and  floating  annually  down  the  Tay  in  Scotland,  as  fEu-  as  the 
mouth  of  that  river.  Simihtr  observations  might  doubtless  be  made 
respecting  almost  all  the  larger  rivers  of  England  and  Scotland ;  but 
there  seems  reason  to  suspect  that  the  principal  transfer  from  place 
to  place  of  pebbles  and  stones  adhering  to  ice  goes  on  unseen  by  us 
under  water.  For  although  the  specific  gravity  of  the  compound 
mass  may  cause  it  to  »nkt  it  may  still  be  very  buoyant,  and  easily  borne 
along  by  a  feeble  current.  The  ice,  moreover,  molts  very  slowly  at  the 
bottom  of  running  streams  in  winter,  as  the  water  there  is  often  nearly 
at  the  freezing  point,  as  will  be  seen  from  what  will  be  said  in  the 
sequel  of  ground-ice. 

As  we  traverse  Europe  in  the  latitudes  of  Great  Britain,  we  find  the 
winters  more  severe,  and  the  rivers  more  regularly  frozen  over.  M. 
Lariviere  relates  that,  being  at  Memel  on  the  Baltic  in  1821,  when  the 
ice  of  the  river  Niemen  broke  up,  he  saw  a  mass  of  ice  thirty  feet  long 
which  had  descended  the  stream,  and  had  been  thrown  ashore.  In  the 
middle  of  it  was  a  triangular  piece  of  granite,  about  a  yard  in  diameter, 
resembling  in  composition  the  red  granite  of  Finland.* 

*  CkjDiid.  sur  les  Blocs  Erratw  1829. 
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When  riven  in  the  northern  hemisphere  flow  from  south  to  north, 
the  ice  first  breaks  np  m  the  higher  part  of  their  course,  and  the  flooded 
waters,  bearing  along  large  icy  fragments,  often  arrive  at  parts  of  the 
stream  which  are  still  firmly  frozen  over.  Great  inundations  are  thus 
frequently  occasioned  by  the  obstructions  thrown  in  the  way  of  the  de- 
scending waters,  as  in  the  case  of  the  Mackenzie  in  North  America,  and 
the  Irtish,  Obi,  Yenesei,  Lena,  and  other  rivers  of  Siberia.  (See  map, 
fig.  1,  p.  79.)  A  partial  stoppage  of  this  kind  lately  occurred  (Jan.  31, 
1840)  in  the  Visttda,  about  a  mile  and  a  half  above  the  city  of  Dantzic, 
where  the  river,  choked  up  by  packed  ice,  was  made  to  take  a  new 
course  over  its  right  bank,  so  that  it  hollowed  out  in  a  few  dap  d 
deep  and  broad  channel,  many  leagues  in  length,  through  a  tract  of 
sand-hills  which  were  from  40  to  60  feet  high. 

In  Canada,  where  the  winter's  cold  is  intense,  in  a  latitude  corre- 
sponding to  that  of  central  France,  several  tributaries  of  the  St.  Law- 
rence begin  to  thaw  in  their  upper  course,  while  they  remain  frozen 
over  lower  down,  and  thus  large  slabs  of  ice  are  set  freei  and  thrown 
upon  the  unbroken  sheet  of  ice  below.  Then  begins  what  is  called  the 
packing  of  the  drifted  fragments ;  that  is  to  say,  one  slab  is  made  to 
slide  over  another,  until  a  vast  pile  is  built  up,  and  the  whole  bang 
frozen  together,  is  urged  onwards  by  the  force  of  the  dammed  up 
waters  and  drift-ice.  Thus  propelled,  it  not  only  forces  along  boulders, 
but  breaks  oflf  from  cliffs,  which  border  the  rivers,  huge  pieces  of 
projecting  rock.  By  this  means  several  buttresses  of  solid  masonry, 
which,  up  to  the  year  1836,  supported  a  wooden  bridge  on  the  St. 
Maurice,  which  falls  into  the  St.  Lawrence,  near  the  town  of  Trois 
Rivieres,  lat.  46*  20',  were  thrown  down,  and  conveyed  by  the  ice 
mto  the  main  river ;  and  instances  have  occurred  at  Montreal  of  wharfs 
and  stone-buildings,  from  30  to  50  feet  square,  having  been  removed  in 
a  similar  manner.  We  learn  from  Captain  Bayfield  that  anchors  laid 
down  within  high-water  mark,  to  secure  vessels  hauled  on  shore  for  the 
winter,  must  be  cut  out  of  the  ice  on  the  approach  of  spring,  or  they 
would  be  carried  away.  In  1834,  the  Gulnare's  bower-anchor,  weigh- 
ing half  a  ton,  was  transported  some  yards  by  the  ice,  and  so  firmly 
was  it  fixed,  that  the  force  of  the  moving  ice  broke  a  chain-cable  suited 
for  a  10-gun  brig,  and  which  had  rode  the  Gulnare  during  the  heaviest 
gales  in  the  gulf.  Had  not  this  anchor  been  cut  out  of  the  ice,  it  would 
have  been  carried  into  deep  water  and  lost.* 

The  scene  represented  in  the  annexed  plate  (pi.  2),  from  a  drawing 
by  Lieutenant  Bowen,  R.  N.,  will  enable  the  reader  to  comprehend  the 
incessant  changes  which  the  transport  of  boulders  produces  annually 
on  the  low  islands,  shores,  and  bed  of  the  St.  Lawrence  above  Quebec. 
The  fundamental  rocks  at  Richelieu  Rapid,  situated  in  lat.  46^  N.,  are 
limestone  and  slate,  which  are  seen  at  low-water  to  be  covered  with 
boulders  of  granite.    These  boulders  owe  their  spheroidal  form  chiefly  to 

♦  0»pt  Bayfield,  GeoL  Soc  Proceedings,  toL  iL  p.  228. 
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weathering,  or  action  of  host,  which  .  causes  the  surface  to  exfoliate  in 
concentric  pktes,  so  that  all  the  more  prominent  angles  are  removed. 
At  the  point  a  is  a  cavity  in  the  mud  or  sand  of  the  heach,  now  filled 
with  water,  Which  was  occupied  during  the  preceding  winter  (1835)  by 
the  huge  erratic  b,  a  mass  of  granite,  10  tons'  weight,  found  in  the 
spring  following  (1886)  at  a  distance  of  several  feet  from  its  former 
position.  Many  small  islands  are  seen  on  the  river,  such  as  e  d,  which 
afford  still  more  striking  proofs  of  the  carrying  and  propelling  power  of 
ice.  These  islets  are  never  under  water,  yet  every  winter  ice  b  thrown 
upon  them  in  such  abundance,  that  it  packs  to  the  height  of  20,  and 
even  SO  feet,  bringing  with  it  a  continual  supply  of  large  stones  or 
boulders,  and  carrying  away  others ;  the  greatest  number  being  depos- 
ited, according  to  Lieutenant  Bowen,  on  the  edge  of  deep  water.  On 
the  island  d,  on  the  left  of  the  accompanying  view,  a  lighthouse  b  repre- 
sented, consisting  of  a  square  wooden  buildmg,  which  having  no  other 
foundation  than  the  boulders,  requires  to  be  taken  down  every  winter, 
and  rebuilt  on  the  reopening  of  the  river. 

These  effects  of  frost,  which  are  so  striking  on  the  St.  Lawrence 
above  Quebec,  are  by  no  means  displayed  on  a  smaller  scale  below  that 
city,  where  the  gulf  rises  and  falls  with  the  tide.  On  the  contrary ;  it 
is  in  the  estuary,  between  the  latitudes  41°  and  49%  that  the  greatest 
quantity  of  gravel  and  boulders  of  large  dimensions  are  carried  down 
annually  towards  the  sea.  Here  the  frost  is  so  mtense,  tbat  a  dense 
sheet  of  ice  is  formed  at  low  water,  which,  on  the  rise  of  the  tide,  is 
lifted  up,  broken,  and  thrown  in  heaps  on  the  extensive  shoals  which 
border  the  estuary.  When  the  tide  recedes,  this  packed  ice  is  exposed 
to  a  temperature  sometimes  80^  below  zero,  which  freezes  together  all 
the  loose  pieces  of  ice,  as  well  as  the  granitic  and  other  boulders.  The 
whole  of  these  are  often  swept  away  by  a  high  tide,  or  when  the  river 
is  swollen  by  the  melting  of  the  snow  in  Spring.  One  huge  block  of 
granite,  15  feet  long  by  10  feet  both  m  width  and  height,  and  estimated 
to  contain  1500  cubic  feet,  was  conveyed  m  this  manner  to  some  dis- 
tance in  the  year  1837,  its  previous  position  being  well  known,  as  up 
to  that  time  it  had  been  used  by  Captain  Bayfield  as  a  mark  for  the 
surveying  station. 

Ground-ice, — ^When  a  current  of  cold  air  passes  over  the  surface  of 
a  lake  or  stream  it  abstracts  from  it  a  quantity  of  heat,  and  the  specific 
gravity  of  the  water  being  thereby  increased,  the  cooled  portion  smks. 
This  circulation  may  continue  until  the  whole  body  of  fluid  has  been 
cooled  down  to  the  temperature  of  40°  F.,  after  which,  if  the  cold  m- 
crease,  the  vertical  movement  ceases,  the  water  which  is  uppermost 
expands  and  floats  over  the  heavier  fluid  below,  and  when  it  has  attained 
a  temperature  of  32°  Fahr.  it  sets  into  a  sheet  of  ice.  It  should  seem 
therefore  impossible,  according  to  this  law  of  congelation,  that  ice 
should  ever  form  at  the  bottom  of  a  river ;  and  yet  such  is  the  fact,  and 
many  speculations  have  been  hazarded  to  account  for  so  singular  a  phe- 
nomenon.    M.  Arago  is  of  opinion  that  the  mechanical  action  of  a  run- 
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mag  streani  prodnoes  a  cffeahtion  by  which  the  eiitD«  tMxlj  of  mter  it 
mixed  up  together,  and  cooled  afike,  and  the  whole  hmg  thus  reduced 
to  the  (reeling  point,  ice  begins  to  form  at  the  bottom  for  two  reaBoos, 
firsts  because  there  is  leas  motion  there,  and  aecoadlj,  because  the 
watet*  is  in  contact  with  solid  rock  or  pebbles  which  have  a  cold  sur- 
face* Whatever  explanation  we  adopt,  there  is  no  doubt  of  the  het, 
that  m  countries  where  the  inten^ty  and  duration  of  the  cold  is  great* 
rivers  and  torrents  acquire  an  increase  of  carrying  power  by  the  forma- 
tion of  what  is  called  ground4ce.  Even  in  the  lliames  we  learn  from 
Dr.  Plott  that  pieces  of  this  kind  of  ice,  having  gmvel  frozen  on  to  then 
under  side,  rise  up  from  the  bottom  in  winter,  and  float  on  the  surface. 
In  the  Siberian  rivers,  Weitz  describes  large  stones  as  having  been 
brought  up  from  the  river's  bed  in  the  same  manner,  and  made  to 
float.t 

Glaciers, — ^In  the  temperate  zone,  the  snow  hes  for  months  in  winter 
on  the  summit  of  every  high  mountain,  while  in  the  arcUc  r^ons,  a 
long  summer's  day  of  half  a  year's  duration  is  insufficient  to  melt  the 
snow,  even  on  land  just  raised  above  the  level  of  the  sea.  It  is  there- 
fore not  surprising,  since  the  atmosphere  becomes  colder  in  proportion 
as  we  ascend  in  it,  that  there  should  be  heights,  even  in  tropical  conn- 
tries,  where  the  snow  never  melts.  The  lowest  limit  to  which  the  per- 
petual snow  extends  downwards,  from  the  tops  of  mountains  at  the 
equator,  is  an  elevation  of  not  less  than  16,000  feet  above  the  sea; 
while  in  the  Swiss  Alps,  in  lat.  46^  N.  it  reaches  as  low  as  8,500  feet 
above  the  same  level,  the  loftier  peaks  of  the  Alpine  chain  being  from 
12,000  to  15,000  feet  high.  The  frozen  mass  augmenting  from  year  to 
year  would  add  indefinitely  to  the  altitude  of  alpine  summits,  were  it 
not  relieved  by  its  descent  through  the  larger  and  deeper  valleys  to 
regions  far  below  the  genera)  snow-line.  To  these  it  slowly  finds  its 
way  in  the  form  of  rivers  of  ice,  called  glaciers,  the  consolidation  of 
which  is  produced  by  pressure,  and  by  the  congehition  of  water  infil- 
tered  into  the  porous  mass,  which  is  always  undergoing  partial  liquefac- 
tion, and  receiving  m  summer  occasional  showers  of  ram  on  its  surfhce. 
In  a  day  of  hot  sunshine,  or  mild  rain,  innumerable  rills  of  pure  and 
sparkling  water  run  in  icy  channels  along  the  surface  of  the  gladers, 
which  in  the  night  shrink,  and  come  to  nothing.  They  are  often  pre- 
cipitated in  bold  cascades  into  deep  fissures  in  the  ice,  and  contribute  to- 
gether with  springs  to  form  torrents,  which  flow  in  tunnels  at  the  bot- 
tom of  the  glaciers  for  many  a  league,  and  at  length  issue  at  then- 
extremities,  from  beneath  beautiful  caverns  or  arches.  The  waters  of 
these  streams  are  always  densely  charged  with  the  finest  mud,  pro- 
duced by  the  grin<fing  of  rock  and  sand  under  the  weight  of  the  mov- 
ing mass.     (See  fig.  18.) 

*  M.  Arago,  Annuaire,  &c  1888;  and  Rev.  J.  FarquharBon,  PhiL  Xcana.  1885 
pL  8S9. 
t  Journ.  of  Boy.  Oeograph.  Soc  voL  vi.  p.  416. 
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Fig  18. 
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Qlacier  with  medUl  sod  lateral  moraiiMS  and  with  tenninal  mvv. 

The  Icngtli  of  the  Swiss  glaciers  is  sometimes  twenty  miles,  their 
width  in  the  middle  portion,  where  they  are  broadest,  occasionally  two 
or  three  miles  ;  their  depth  or  thickness  sometimes  more  than  600  feet. 
When  they  descend  steep  slopes,  and  precipices,  or  are  forced  through 
narrow  gorges,  the  ice  is  broken  up,  and  assumes  the  most  fantastic  and 
picturesque  forms,  with  lofty  peaks  and  pinnacles,  projecting  above  the 
general  level.  These  snow-white  masses  are  often  relieved  by  a  dark 
background  of  pines,  as  in  the  valley  of  Chamouni ;  and  are  not  only 
surrounded  with  abundance  of  the  wild  rhododendran  in  full  flower, 
but  encroach  still  loWer  into  the  region  of  cultivation,  and  trespass  on 
fields  where  the  tobacco-plant  is  flourishing  by  the  side  of  the  peasant's 
hut. 

The  cause  of  glacier  motion  has  of  late  b^en  a  subject  of  careful 
investigation  and  much  keen  controversy.  Although  a  question  of 
physics,  rather  than  of  geology,  it  is  too  interesting  to  allow  me  to  pass 
it  by  without  some  brief  mention.  De  Saussure,  whose  travels  in  the 
Alps  are  full  of  original  observations,  as  well  as  sound  and  comprehen- 
sive general  views,  conceived  that  the  weight  of  the  ice  might  be  suffi- 
cient to  urge  it  down  the  slope  of  the  valley,  if  the  sliding  motion  were 
aided  by  the  water  flowing  at  the  bottom.  For  this  "gravitation 
theory"  Charpentier,  followed  by  Agassiz,  substituted  the  hypothesis  of 
dilatation.    The  most  solid  ice  is  always  permeable  to  water,  and  pen- 
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etrated  by  innumerable  fissures  imd  capillary  tubes,  often  extremely 
minute.  These  tubes  imbibe  the  aqueous  fluid  during  the  day,  whidi 
freezes,  it  is  said,  in  the  cold  of  the  night,  and  expands  while  in  the  act 
of  congelation.  The  distension  of  the  whole  mass  exerts  an  immense 
force,  tending  to  propel  the  glacier  in  the  direction  of  least  resistance 
•^^ "  in  other  words,  down  the  valley."  This  theory  was  opposed  by 
Mr.  Hopkins  on  mathematical  and  mechanical  grounds,  in  several  able 
papers.  Among  other  objections,  he  pointed  out  that  the  friction  of 
so  enormous  a  body  as  a  glacier  on  its  bed  is  so  great,  that  the  vertical 
direction  would  always  be  that  of  least  resistance,  and  if  a  considerable 
distension  of  the  mass  should  take  place,  by  the  action  of  freezing,  it» 
would  tend  to  increase  its  thickness,  rather  than  accelerate  its  down- 
trard  progress.  He  also  contended  (and  his  arguments  were  illustrated 
by  many  ingenious  experiments),  that  a  glacier  can  move  along  an 
extremely  slight  slope,  solely  by  the  influence  of  gravitation,  owing  to 
the  constant  dissolution  of  ice  in  contact  with  the  rocky  bottom,  and 
the  number  of  separate  fragments  into  which  the  glacier  is  divided  by 
fissures,  so  that  freedom  of  motion  is  imparted  to  its  several  parts 
somewhat  resembling  that  of  an  unperfect  fluid.  To  this  view  Profes- 
sor James  Forbes  objected,  that  gravitation  would  not  supply  an  ade- 
quate cause  for  the  sliding  of  solid  ice  down  slopes  having  an  inclina* 
tion  of  no  more  than  four  or  five  degrees,  still  less  wocdd  it  explain 
how  the  glacier  advances  where  the  channel  expands  and  contracts. 
The  Mer  de  Glace  in  Chamouni,  for  example,  after  being  2000  yards 
wide,  passes  through  a  strait  only  900  yards  in  width.  Such  a  gorge, 
it  is  contended,  would  be  choked  up  by  the  advance  of  any  solid 
mass,  even  if  it  be  broken  up  mto  numerous  fragments.  The  same 
acute  observer  remarked,  that  water  in  the  fissures  and  pores  of  gla- 
ciers cannot,  and  does  not  part  with  its  latent  heat,  so  as  to  freeze 
eveiy  night  to  a  great  depth,  or  far  in  the  interior  of  the  mass.  Had 
the  dilatation  theory  been  true,  the  chief  motion  of  the  glader  would 
have  occurred  about  sunset,  when  the  freezing  of  the  water  must  be 
greatest,  and  it  had,  in  fact,  been  at  first  assumed  by  those  who  favored 
that  hypothesis,  that  the  mass  moved  faster  at  the  sides,  where  the 
melting  of  ice  was  promoted  by  the  sun's  heat,  reflected  fn»n  boundary 
precipices. 

Agassiz  appears  to  have  been  the  first  to  commence,  in  1841,  aided 
by  a  skilful  engineer,  M.  Escher  de  la  Linth,  a  series  of  exact  measure- 
ments to  ascertain  the  laws  of  glacier  motion,  and  he  soon  discovered, 
contrary  to  his  preconceived  notions,  that  the  stream  of  ice  moved  more 
slowly  at  the  sides  than  at  the  centre,  and  faster  in  the  middle  region 
of  the  glacier  than  at  its  extremity.*  Professor  James  Forbes,  who 
had  joined  Mr.  Agassiz  during  his  earlier  investigations  in  the  Alps, 

*  See  Syst^me  Gladaire,  hy  Agaasiz,  Gayot,  and  Desor,  pp.  486, 487, 445.  Mr. 
Agassiz,  at  p.  462,  states  that  he  published  m  the  Deutsche  Vierteljahnchrift  for 
1841,  this  result  as  to  the  central  motion  being  mater  than  that  of  the  aides,  and 
wa^  therefore,  the  firat  to  conect  his  own  previous  mistake. 
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nadeitook  himself  an  independent  series  of  experiments,  which  he  fol- 
lowed up  with  great  perseTerance,  to  detennine  the  laws  of  glacier 
motioiL  These  he  fonnd  to  agree  very  closely  with  the  laws  govern- 
ing  the  course  of  rivers,  their  progress  being  greater  in  the  centre  than 
at  the  sides,  and  more  rapid  at  the  surface  than  at  the  bottom.  This 
fact  was  verified  by  carefully  fixing  a  great  number  of  marks  in  the 
ice,  arranged  in  a  straight  line,  which  gradually  assumed  a  beautiful 
curve,  the  middle  part  pointing  down  the  glacier,  and  showing  a  veloci- 
ty there,  double  or  treble  that  of  the  lateral  parts.*  He  ascertained 
tliat  the  rate  of  advance  by  night  was  nearly  the  same  as  by  day,  and 
tliat  even  the  hourly  march  of  the  icy  stream  could  be  detected,  al- 
though the  progress  might  not  amount  to  more  than  six  or  seven  inches 
in  twelve  hours.  By  the  incessant  though  invisible  advance  of  the 
marks  placed  on  the  ice,  "  time,"  says  Mr.  Forbes,  "  was  marked  out 
as  by  a  shadow  on  a  dial,  and  the  unequivocal  evidence  which  I  ob- 
tained, that  even  while  walking  on  a  glacier  we  are,  day  by  day,  and 
hour  by  hour,  imperceptibly  carried  on  by  the  resistless  flow  of  the  icy 
stream,  filled  me  with  admiration."  (Travels  m  the  Alps,  p.  133.)  In 
Older  to  explain  this  remarkable  regularity  of  motion,  and  its  obedience 
to  laws  so  strictly  analogous  to  those  of  flnids,  the  same  writer  pro- 
posed the  theory  that  the  ice,  instead  of  being  solid  and  compact,  is  a 
Tiscous  or  plastic  body,  capable  of  yielding  to  great  pressure,  and  the 
more  so  in  proportion  as  its  temperature  is  higher,  and  as  it  approaches 
more  nearly  to  the  melting  point  He  endeavors  to  show  that  this 
hypothesis  will  account  for  many  complicated  phenomena,  especially 
for  a  ribboned  or  veined  structure  which  is  everywhere  observable 
In  the  ice,  and  might  be  produced  by  lines  of  discontinuity,  arising 
fix>m  the  different  rates  at  which  the  various  portions  of  the  semi-rigid 
glacier  advance  and  pass  each  other.  Many  examples  are  adduced  to 
prove  that  a  glacier  can  model  itself  to  the  form  of  the  ground  over 
which  it  is  forced,  exactly  as  would  happen  if  it  possessed  a  certain 
ductility,  and  this  power  of  yielding  under  intense  pressure,  is  shown 
not  to  be  irreconcilable  with  the  idea  of  the  ice  being  sufficiently  com- 
pact to  break  into  fragments,  when  the  strain  upon  its  parts  is  exces- 
sive ;  as  where  the  glacier  turns  a  sharp  angle,  or  descends  upon  a 
rapid  or  convex  slope.  The  increased  velocity  in  summer  is  attributed 
partly  to  the  greater  plasticity  of  the  ice,  when  not  exposed  to  in- 
tense cold,  and  partly  to  the  hydrostatic  pressure  of  the  water  in  the 
capillary  tubes,  which  imbibe  more  of  this  liquid  in  the  hot  season. 

On  the  assumption  of  the  ice  being  a  rigid  mass,  Mr.  Hopkins  attribu- 
ted the  more  rapid  motions  in  the  centre  to  the  unequal  rate  at  which 
the  broad  stripes  of  ice,  intervening  between  longitudinal  fissures,  ad- 
vance ;  but  beades  that  there  are  parts  of  the  glacier  where  no  such 
fissures  exist,  such  a  mode  of  progression,  says  Mr.  Forbes,  would  cause- 
the  borders  of  large  transverse  rents  or  *'  crevasses,"  to  be  ja^^ed  like  a 

*  J.  Forbei.    8th  Letter  on  Glacier^  Aug.  1844. 
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saw,  instead  of  being  perfectly  even  and  straight-edged.*  An  experiment 
recently  made  by  Mr.  Christie,  secretary  to  the  Royal  Society,  appears 
to  deiponstrate  that  ice,  under  great  pressure,  possesses  a  sufficient  de- 
gree of  moulding  and  self-adapting  power  to  allow  it  to  be  acted  upon, 
as  if  it  were  a  pasty  substance.  A  hollow  shell  of  iron  an  inch  and  a 
half  thick,  the  interior  being  ten  inches  in  diameter,  was  filled  with  water, 
in  the  course  of  a  scTere  winter,  and  exposed  to  the  frost,  with  the  fuze* 
hole  uppermost  A  portion  of  the  water  expanded  in  freezing,  so  as  to 
protrude  a  cylinder  of  ice  from  the  fuze-hole ;  and  this  cylinder  contin- 
ued to  grow  inch  by  inch  m  proportion  as  the  central  nucleus  of  water 
froze.  As  we  cannot  doubt  that  an  outer  shell  of  ice  is  first  formed, 
and  then  another  within,  the  continued  rise  of  the  column  through  the 
fuze-hole  must  proceed  from  the  squeezing  of  successive  shells  of  ioe 
concentrically  formed,  through  the  narrow  orifice;  and  yet  the  pro- 
truded cylinder  consisted  of  entire,  and  not  fragmentary  ice.f 

The  agency  of  glaciers  in  producing  permanent  geological  changes  con- 
sists partly  in  their  power  of  transporting  gravel,  sand,  and  huge  stones 
to  great  distances,  and  partly  in  the  smoothing,  polishing,  and  scoring 
of  their  rocky  channels,  and  the  boundary  walls  of  the  valleys  through 
which  they  pass.  At  the  foot  of  every  steep  cliff  or  precipice  in  high 
Alpine  regions,  a  talus  is  seen  of  rocky  fi*agments  detached  by  the  al- 
ternate action  of  frost  and  thaw.  If  these  loose  masses,  instead  of  ac- 
cumulating on  a  stationary  base,  happen  to  fall  upon  a  glacier,  they  will 
move  along  with  it,  and,  in  place  of  a  single  heap,  they  will  form  in  the 
course  of  years  a  long  stream  of  blocks.  If  a  glacier  be  20  miles  long, 
and  its  annual  progression  about  500  feet,  it  will  require  about  two  cen. 
turies  for  a  block  thus  lodged  upon  its  surface  to  travel  down  from  the 
higher  to  the  lower  regions,  or  to  the  extremity  of  the  icy  mass.  This 
terminal  point  remains  usually  unchanged  from  year  to  year,  although 
every  part  of  the  ice  is  in  motion,  because  the  liquefaction  by  heat  is  just 
sufficient  to  balance  the  onward  movement  of  the  glacier,  which  may  be 
compared  to  an  endless  file  of  soldiers,  pouring  into  a  breach,  and  shot 
down  as  fast  as  they  advance. 

The  stones  carried  along  on  the  ice  are  called  m  Switzerland  the 
"  moraines"  of  the  glacier.  There  is  always  one  line  of  blocks  on  each 
side  or  edge  of  the  icy  stream,  and  often  several  in  the  middle,  where  they 
are  arranged  in  long  ridges  or  mounds,  often  several  yards  high.  (See 
fig.  18,  p.  223.)  The  cause  of  these  "medial  moraines"  was  first  ex- 
plained by  Agassiz,  who  referred  them  to  the  confluence  of  tributary 
gplaciers4   Upon  the  union  of  two  streams  of  ice,  the  right  lateral  moraine 

*  See  Mr.  Hopkins  od  Motion  of  Glaciers^  Cambridge  PhiL  Trana.  1844,  and 
PhiL  Mag.  1846.  Some  of  the  late  ooDcessioDS  of  this  author  as  to  a  certain  plas- 
ticity in  the  mass,  appear  to  me  to  make  the  difference  between  him  and  Profes- 
sor Forbes  little  more  than  one  of  degree.  (For  the  latest  sammary  of  Prot 
Forbes'  views^  see  PhiL  Trans.  1846,  pt  2.) 

f  This  experiment  is  cited  by  Mr.  Forbes,  PhiL  Trans.  1846,  p.  206 ;  and  I  have 
conversed  with  Mr.  Christie  on  the  subject 

4  Etades  sur  les  Giaden^  184a 
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of  one  of  the  streams  eomes  in  contact  with  the  left  lateral  moraine  of 
the  other,  and  they  afterwards  move  on  together,  in  the  centre,  if  the 
confluent  glaciers  are  equal  in  size,  or  nearer  to  one  side  if  unequal. 

All  sand  and  fragments  of  soft  stone  which  fall  through  fissures  imd 
reach  the  bottom  of  the  glaciers,  or  which  are  interposed  between  the 
glacier  and  the  steep  sides  of  the  valley,  are  pushed  along,  and  ground 
down  into  mud,  while  the  hu^er  and  harder  fragments  have  their  angles 
worn  off.  At  the  same  time  the  fundamental  and  boundary  rocks  are 
smoothed  and  polished,  and  often  scored  with  parallel  furrows,  or  with 
lines  and  scratches  produced  by  hard  minerals,  such  as  crystals  of  quartz, 
which  act  like  the  diamond  upon  giass.*  This  effect  is  perfectly  differ- 
ent from  that  caused  by  the  action  of  water,  or  a  muddy  torrent  forcing 
along  heavy  fragments ;  for  when  stones  are  fixed  firmly  in  the  ice,  and 
pushed  along  by  it  under  great  pressure,  in  straight  lines,  they  scoop  out 
long  rectilinear  furrows  or  grooves  parallel  to  each  other.f  The  dis- 
covery of  such  markings  at  various  heights  far  above  the  surfisice  of  the 
existing  glaciers  and  for  miles  beyond  their  present  terminations,  affords 
geologicfd  evidence  of  the  former  extension  of  the  ice  ^eyond  its  present 
limits  in  Switzerland  and  other  countries. 

The  moraine  of  the  glacier,  observes  Charpentier,  is  entirely  devoid  of 
stratification,  for  there  has  been  no  sorting  of  the  materials,  as  in  the  case 
of  sand,  mud,  and  pebbles,  when  deposited  by  running  water.  The  ice 
transports  indifferently,  and  to  the  same  spots,  the  heaviest  blocks  and 
the  finest  particles,  mingling  all  together,  and  leaving  them  in  one  con« 
fused  and  promiscuous  heap  wherever  it  melts.^ 

leeberffs. — In  countries  situated  in  high  northern  latitudes,  like  Spitz* 
bergen,  between  70^  and  80^  N.,  glaciers,  loaded  with  mud  and  rock, 
descend  to  the  sea,  and  there  huge  fragments  of  them  float  off  and  be- 
come icebergs.  Scoresby  counted  500  of  these  bergs  drifting  along 
in  latitudes  69^  and  TO^'  N.,  which  rose  above  the  surface  from  the 
height  of  100  to  200  feet,  and  measured  from  a  few  yards  to  a  mile  m 
circumference.^  Many  of  them  were  loaded  with  beds  of  earth  and  rock 
of  such  thickness,  that  the  weight  was  conjectured  to  be  from  50,000  to 
100,000  tonl.  Specimens  of  the  rocks  were  obtained,  and  among  them 
were  granite,  gneiss,  mica-schist,  clay-slate,  granular  felspar,  and  green- 
stone. Such  bergs  must  be  of  great  magnitude ;  because  the  mass  of 
ice  below  the  level  of  the  water  is  about  eight  times  greater  than  that 
above.  Wherever  they  are  dissolved,  it  is  evident  that  the  "  moraine'^ 
will  fall  to  the  bottom  of  the  sea.  In  this  manner  may  submarine  val- 
leys, mountuns,  and  platforms  become  strewed  over  with  gravel,  sand, 
mud,  and  scattered  blocks  of  foreign  rock,  4>f  a  nature  perfectly  dissimi- 
lar from  all  in  the  vicinity,  and  which  may  have  been  transported  across 
unfathomable  abysses.  If  the  bergs  happen  to  melt  in  still  water,  so 
that  the  earthy  and  stony  materials  may  fall  tranquilly  to  the  bottom* 

*  See  Kanoal  of  Oeol.  cfa.  zl 

{Agaesu,  Jam.  Ed.  New  Phil  Jonrn.  Ka  54,  pi  888. 
Charpentier,  Ann.  des  Mines,  torn,  viil ;  »ee  oUo  Papers  by  MM.  Venets  and 
AgSMix.  g  Voyage  in  1822,  p.  288. 
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the  deposit  will  probably  be  unstnttified,  like  the  temunal  moraine  6[  a 
glacier ;  but  wheneyer  the  materials  are  under  the  influence  of  a  current 
of  water  as  they  fall,  they  will  be  sorted  and  arranged  according  to  thdi 
relative  weight  and  size,  and  therefore  more  or  kss  perfectly  stratified. 

In  a  former  chapter  it  was  stated  that  some  ice  islands  have  been 
known  to  drift  from  BaflGin's  Bay  to  the  Azores,  and  from  the  South  Pole 
to  the  immediate  neighborhood  of  the  Cape  of  Good  Hope,  so  that  the 
area  over  which  the  effects  of  moving  ice  may  be  experienced,  compre- 
hends a  krge  portion  of  the  globe. 

We  learn  from  Yon  Bnch  that  the  most  southern  point  on  the  conti- 
nent of  Europe  at  which  a  glacier  comes  down  to  the  sea  is  in  Norway 
in  lat  67°  N.*  But  Mr.  Darwin  has  shown,  that  they  extend  to  the 
sea,  in  South  America,  in  latitudes  more  than  20^  nearer  the  equator 
than  in  Europe ;  as,  for  example,  in  Chili,  where,  in  the  i3tuK  of  Peoas^ 
lat.  46^  40'  S.,  or  the  latitude  of  central  France;  and  m  Sir  Oeoige 
Eyre's  Sound,  in  the  latitude  of  Paris,  they  give  origin  to  icebergs,  which 
were  seen  in  1884  carrying  angular  pieces  of  granite,  and  stranding  them 
in  fiords,  where  the  shores  were  composed  of  clay-slate.f  A  large  pro- 
portion, however,  of  the  ice-blands  seen  floating  both  in  the  northern 
and  southern  hemispheres,  are  probably  not  generated  by  glaciers,  but 
raih&t  by  the  accumulation  of  coast  ice.  When  the  sea  freezes  at  the 
base  of  a  bfty  precipice,  the  sheet  of  ice  is  prevented  from  adhering  to 
the  land  by  the  rise  and  fall  of  the  tide.  Nevertheless,  it  often  con- 
tinues on  the  shore  at  the  foot  of  the  cHff,  and  receives  accessions  of 
drift  snow  blown  from  the  land.  Under  the  weight  of  this  snow  the  ice 
sinks  slowly  if  the  water  be  deep,  and  the  snow  is  gradually  converted 
into  ice  by  partial  liquefaction  and  re-congelation.  In  this  manner,  islands 
of  ice  of  great  thickness  and  many  leagues  in  length,  originate,  and  are 
eventually  blown  out  to  sea  by  off-shore  winds.  In  their  interior  are  in- 
closed many  fragments  of  stone  which  had  fallen  upon  them  from  over- 
hanging clifls  during  their  formation.  Such  floating  icebergs  are  com- 
monly flat-topped,  but  theur  lower  portions  are  liable  to  melt  in  latitudes 
where  the  ocean  at  a  moderate  depth  is  usually  warmer  than  the  surface 
water  and  the  air.  Hence  their  centre  of  gravity  changes*  continually^ 
and  they  turn  over  and  assume  very  irregular  shapes. 

In  a  voyage  of  discovery  made  in  the  antarctic  r^ons  in  1839,  a  dark 
colored  angular  mass  of  rock  was  seen  imbedded  in  an  iceberg,  drifting 
along  in  mid-ocean  in  lat.  61^  S.  That  part  of  the  rock  which  was  visi- 
ble was  about  12  feet  in  height,  and  from  5  to  6  in  width,  but  the  dark 
color  of  the  surrounding  ice  indicated  that  much  more  of  the  stone  was 
concealed.  A  sketch  made  by  Mr.  Macnab,  when  the  vessel  was  withm 
a  quarter  of  a  mile  of  it,  is  now  published.^  This  iceberg,  one  of  many 
observed  at  sea  on  the  same  day,  was  between  250  and  300  feet  high, 
and  was  no  less  than  1400  miles  from  any  certainly  known  land.  It  is 
exceedingly  improbable,  says  Mr.  Darwin,  in  his  notice  of  this  phenom- 

»  Trarela  in  Norway,  f  Darwin's  Journal,  p.  28a. 

t  Joura  of  Eoy.  GkJograph.  Soc.  vol.  ix.  p.  526. 
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enon,  that  any  land  will  hereafter  be  discovered  witllin  100  nuks  of  the 
spot,  and  it  must  be  remembered  that  the  erratic  was  still  firmly  fixed 
in  the  ice,  and  may  have  sailed  for  many  a  league  farther  before  it 
dropped  to  the  bottom.* 

Captain  Sir  James  Ross,  in  his  antarctic  voyage  m  1841,  42,  and  43, 
saw  multitudes  of  icebergs  transportmg  stones  and  rocks  of  Tarioos 
sizes,  with  frozen  mud,  in  high  southern  latitudes.  His  companion. 
Dr.  J.  Hooker,  informs  me  that  he  came  to  the  conclusion  that  most 
of  the  southern  icebergs  have  stones  in  them,  although  they  are  usually 
eoncealed  from  view  by  the  quantity  of  snow  which  falls  upon  them. 

In  the  account  given  by  Messrs.  Dease  and  Simpson,  of  their  recent 
arctic  discoveries,  we  learn  that  in  lat.  71°  K,  long.  156°  W.,  they 
found  *'  a  long  low  spit,  named  Point  Barrow,  composed  of  gravel  and 
coarse  sand,  in  some  parts  more  than  a  quarter  of  a  mile  broad,  which 
the  pressure  of  the  ice  had  forced- up  'nto  numerous  mounds,  thftt, 
viewed  from  a  distance,  assumed  the  appearance  of  huge  bovftdcr 

rocks."! 

This  fact  is  important,  as  showing  how  masses  of  drift  ice,  when 
stranding  on  submarine  banks,  may  exert  a  lateral  pressure  capable  of 
bending  and  dislocating  any  yielding  strata  of  gpnvel,  sand,  or  mud. 
The  banks  on  which  icebergs  occasionally  run  aground  between  Baffin's 
Bay  and  Newfoundland,  are  many  hundred  feet  under  water,  and  the 
force  with  which  they  are  struck  will  depend  not  so  much  on  the  ve- 
locity as  the  momentum  of  the  floating  ice-islands.  The  same  beig  is 
often  carried  away  by  a  change  of  wind,  and  then  driven  back  again 
upon  the  same  bank,  or  it  is  made  to  rise  and  fall  by  the  waves  of  the 
ocean,  so  that  it  may  alternately  strike  the  bottom  with  its  whole 
weight,  and  then  be  lifted  up  again  until  it  has  deranged  the  superficial 
beds  over  a  wide  area.  In  this  manner  the  geologist  may  account,  per- 
haps, for  the  circumstance  that  in  Scandinavia,  Scotland,  and  other 
countries  where  erratics  are  met  with,  the  beds  of  sand,  loam,  and 
gravel  are  often  vertical,  bent,  and  contorted  into  the  moat  complicated 
foldsy  while  the  underlying  strata,  although  composed  of  equally  pliant 
materials,  are  horizontal.  But  some  of  these  curvatures  of  loose  strata 
may  also  have  been  due  to  repeated  alternations  of  layers  of  gravel  and 
sand,  ice  and  snow,  the  melting  of  the  latter  having  caused  the  interca- 
lated beds  of  mdestructible  matter  to  assume  their  present  anomalous 
position. 

There  can  be  little  doubt  that  icebergs  must  often  break  off  the  peaks 
and  projecting  points  of  submarine  mountains,  and  must  grate  upon  and 
polish  their  surface,  furrowing  or  scratching  them  in  precisely  the  same 
way  as  we  have  seen  that  glaciers  act  on  the  solid  rocks  over  which 
they  are  propelled.^ 


VOL 


*  Joarn.  of  Roy.  Geograph.  Soo.  vol.  ix.  p.  529 


Ibid.  voLviH.]x  221. 
;  In  my  TraveU  in  N.  America,  pp.  19,  28,  Ac,  and  Second  Visit  to  the  U.  8^ 
.  i  ch.  2,  also  in  my  Mantml  of  Geology,  a  more  full  aocoont  of  the  aotaon  of 
floating  ice  and  ooaat-ice,  and  its  bearing  on  geology,  will  be  fomid. 
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To  conclude :  it  appears  ihat  hsarge  stones,  mud,  and  gravel  are  car* 
ried  down  by  the  ice  q£  rivers,  estuaries,  and  glaciers,  into  the  sea, 
where  the  tides  and  currents  of  the  ocean,  aided  by  the  wind,  cause 
them  to  drift  for  hundreds  of  miles  from  the  place  of  their  origin*  Al- 
though it  will  belong  more  properly  to  the  seventh  and  eighth  chapters 
to  treat  of  the  transportation  of  solid  matter  by  the  movements  of  the 
ocean,  I  shall  add  here  what  I  have  farther  to  say  on  this  subject  in 
connection  with  ice. 

The  saline  matter  which  sea-water  holds  in  solution,  prevents  its  con- 
gelation, except  where  the  most  intense  cold  prevails.  But  the  drifting 
of  the  snow  from  the  land  often  renders  the  surface-water  brackish  near 
the  coast,  so  that  a  sheet  of  ice  b  readily  formed  there,  and  by  this 
means  a  large  quantity  of  gravel  is  frequently  conveyed  from  piace  to 
place,  and  heavy  boulders  also,  when  the  coast-ice  is  packed  into  dense 
masses.  Both  the  large  and  small  stones  thus  conveyed  usually  travel 
in  one  direction  like  shingle-beaches,  and  this  was  observed  to  take 
place  on  the  coast  of  Labrador  and  Gulf  of  St.  Lawrence,  between  the 
latitudes  50°  and  60°  N.,  by  Capt.  Bayfield,  during  his  late  survey. 
The  line  of  coast  alluded  to  is  strewed  over  for  a  distance  of  700  miles 
with  ice-borne  boulders,  often  6  feet  in  diameter,  which  are  for  the  most 
part  on  their  way  from  north  to  south,  or  in  the  direction  of  the  prevail- 
ing current.  Some  points  on  this  coast  have  been  observed  to  be  occa- 
sionally deserted,  and  then  again  at  another  season  thickly  bestrewed 
with  erratics. 

The  accompanying  drawing  (fig.  19),  for  which  I  am  indebted  tc 

Fig.  19. 


Bonlden,  obleflj  of  gnmlte,  stranded  by  ice  on  the  coast  of  Labrador,  between  lat  tUfP  and  60O  K. 
(Lieut  Bowen,  B.  N.) 

Lieut.  Bowen,  R.  N.,  represents  the  ordinary  appearance  of  the  Labrador 
coast,  between  the  latitudes  of  50°  and  60°  N.  Countless  blocks,  chiefly 
granitic,  and  of  various  sizes,  are  seen  lying  between  high  and  low- water 
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mark.  Ciipt.  Bayfield  saw  similar  masses  carried  by  ice  through  the 
Straits  of  Belle  Isle,  between  Newfoundland  and  the  American  conti- 
nent, which  he  conceives  may  have  travelled  in  the  course  of  yean 
from  Baffin's  Bay,  a  distance  which  may  be  compared  in  our  hemisphere 
to  the  drifting  of  erratics  from  Lapland  and  Iceland  as  far  south  as  Ger- 
many, France,  and  England. 

It  may  be  asked  in  what  manner  have  these  blocks  been  originally 
detached?  We  may  answer  that  some  have  fallen  from  precipitous 
cliflSi,  others  have  been  lifted  up  from  the  bottom  of  the  sea,  adhering 
by  their  tops  to  the  ice,  while  others  have  been  brought  down  by  rivers 
and  glaciers. 

The  erratics  of  Korth  America  are  sometimes  angular,  but  most  of 
them  have  been  rounded  either  by  friction  or  decomposition.  The 
granite  of  Canada,  as  before  remarked  (p.  221),  has  a  tendency  to  con- 
centric exfoliation,  and  scales  off  in  spheroidal  coats  when  exposed  to 
the  spray  of  the  sea  during  severe  frosts.  The  range  of  the  tiiennome- 
ter  in  that  countiy  usually  exceeds,  in  the  course  of  the  year,  100^,  and 
sometimes  120*^  F. ;  and,  to  prevent  the  granite  used  in  the  buildings 
of  Quebec  from  peeling  off  in  winter,  it  is  necessary  to  oil  and  paint  the 
squared  stones. 

In  parts  of  the  Baltic,  such  as  the  Gulf  of  Bothnia,  where  the  quan- 
tity of  salt  in  the  water  amounts  in  general  to  one  fourth  only  of  that  in 
the  ocean,  the  entire  surface  freeze  over  in  winter  to  the  depth  of  5  or 
6  feet.  Stones  are  thus  frozen  in,  and  afterwards  lifted  up  about  3  feet 
perpendicularly  on  the  melting  of  the  snow  in  summer,  and  then  carried 
by  floating  ice-islands  to  great  distances.  Professor  Yon  Baer  states,  in 
a  communication  on  this  subject  to  the  Academy  of  St.  Petersburg,  that 
a  block  of  granite,  weighing  a  million  of  pounds,  was  carried  by  ice  dur- 
ing the  winter  of  1887-8  from  Finland  to  the  island  of  Hockland,  and 
two  other  huge  blocks  were  transported  about  the  years  1806  and  1814 
by  packed  ice  on  the  south  coast  of  Finland,  according  to  the  testimony 
of  the  pilots  and  inhabitants,  one  block  having  travelled  about  a  quarter 
of  a  mile,  and  lying  about  18  feet  above  the  level  of  the  sea.* 

More  recently  Dr.  Forchhammer  has  shown  that  in  the  Sound,  the 
Great  Belt,  and  other  places  near  the  entrance  of  the  Baltic,  ground-ice 
forms  plentifully  at  the  bottom  and  then  rises  to  the  surface,  charged 
with  sand  and  gravel,  stones  and  sea-weed.  Sheets  of  ice,  also,  with 
mcluded  boulders,  are  driven  up  on  the  coast  during  storms,  and  "  pack- 
ed" to  a  height  of  50  feet.  To  ^he  motion  of  such  masses,  but  still 
more  to  that  of  the  ground-ice,  the  Danish  professor  attributes  the  stria- 
tion  of  rocky  surfaces,  forming  the  shores  and  bed  of  the  sea,  and  he  re- 
lates a  striking  fact  to  prove  that  large  quantities  of  rocky  fn^ments 
are  annually  carried  by  ice  out  of  the  Baltic.  "  In  the  year  1807/'  he 
says,  "  at  the  time  of  the  bombardment  of  the  Danish  flbOt,  an  English 
sloop-of-war,  riding  at  anchor  in  the  roads  at  Copenhagen,  blew  up.    In 

*  Jam.  Ed.  Kew  FhiL  Joum.  Ka  zlviil  p.  489 
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1844,  or  Ihirty-seTen  years  afterwards,  one  of  our  divers,  known  to  be  a 
tmstwortby  man,  went  down  to  save  whatever  might  yet  remain  in  the 
shipwrecked  vessel.  He  found  the  space  between  decks  entire,  but 
covered  with  bk)cks  from  6  to  8  cubic  feet  in  size,  and  some  of  them 
heaped  one  upon  the  other.  He  also  affirmed,  that  all  the  sunk  ships 
which  he  had  visited  in  the  Sound,  were  in  like  manner  strewed  over 
with  blocks." 

Dr.  Forchhammer  also  informs  us,  that  during  an  intense  frost  in 
February,  1844,  the  Sound  was  suddenly  frozen  over,  and  sheets  of  ice, 
driven  by  a  storm,  were  heaped  up  at  the  bottom  of  the  Bay  of  Taar- 
beijk,  threatening  to  destroy  a  fishing-village  on  the  shore.  The  whole 
was  soon  frozen  together  into  one  mass,  and  foroed  up  on  the  beach, 
forming  a  mound  more  than  16  feet  high,  which  threw  down  the  walls 
of  several  buildings.  '<  When  I  visited  the  spot  next  day,  I  saw  ridges 
of  ice,  sand,  and  pebbles,  not  only  on  the  shore,  but  extending  far  out 
into  the  bottom  of  the  sea,  showing  how  greatly  its  bed  had  been  changed, 
and  how  easily,  where  it  is  composed  of  rock,  it  may  be  furrowed  and 
streaked  by  stones  firmly  fixed  in  the  moving  ice."* 


CHAPTER  XVI. 

V 

PHENOMENA    OF   SPRINOS. 


Origin  of  Springs — Artesian  wells — Borings  at  Paris— Distinct  causes  by  which 
mineral  and  thermal  waters  may  he  raised  to  the  surface — Their  connectioa  with 
volcanic  agency— Calcareous  springs— Travertin  of  the  Elsa — ^Baths  of  Ban 
Vignooe  and  of  San  Filippo,  near  Radicofani— Spheroidal  structure  in  tniTertin 
— Lake  of  the  Sol&tara,  near  Rome— Travertin  at  Cascade  of  Tivoll— Oypeeoa% 
siliceous,  and  ferruginous  springs — Brine  springs — Carbonated  springs Disin- 
tegration of  granite  in  Auvergne — Petroleum  springs— Pitch  lake  of  Trinidad. 

Oriffin  of  springs, — The  action  of  running  water  on  the  surface  of  the 
land  having  been  considered,  we  may  next  turn  our  attention  to  what 
may  be  termed  ''the  subterranean  drainage/'  or  the  phenomena  ot 
springs.  Every  one  is  familiar  with  the  fact,  that  certain  porous  soils, 
such  as  loose  sand  and  gravel,  absorb  water  with  rapidity,  and  that  the 
ground  composed  of  them  soon  dries  up  after  heavy  showers.  If  a  well 
be  sunk  in  such  soils,  we  often  penetrate  to  considerable  depths  before 
we  meet  with  water  ;  but  this  is  usually  found  on  our  approaching  the 
lower  parts  of  the  formation,  where  it  rests  on  some  impervious  bed  ;  for 
here  the  water,  unable  to  make  its  way  downwards  in  a  direct  line, 
accumulates  as  in  a  reservoir,  and  is  ready  to  ooze  out  into  any  opening 
which  may  be  made,  in  the  same  manner  as  wo  see  the  salt  water  flow 
into,  and  fill,  any  hollow  which  we  dig  in  the  sands  of  the  shore  at  low  tide. 

*  BuUetin  de  U  Soc.  G6oL  de  France,  184T,  torn.  iv.  pp.  1182, 1188. 
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The  facility  with  which  water  can  pero<^te  looae  and  gravelly  soila 
18  clearly  illustrated  by  the  effect  of  ihe  tides  in  tiie  Thames  between 
Richmond  and  London.  The  lirer,  in  this  part  of  its  course^  flows 
throngh  a  bed  of  grrarel  overiying  clay,  and  the  porona  snperstratom 
is  aheinately  satnrated  by  the  water  of  the  Thames  as  the  tide  rises, 
and  then  drained  agam  to  the  distance  of  several  hundred  feet  from  the 
banks  when  the  tide  falls,  so  that  the  wells  in  this  tract  regularly  ebb 
and  flow. 

If  the  transmission  of  water  through  a  porous  medium  be  so  rapid, 
we  cannot  be  surprised  that  springs  should  be  thrown  out  on  the  side 
of  a  hill,  where  the  upper  set  of  strata  consist  of  chalk,  sand,  or  other 
permeable  substances,  while  the  subjacent  are  composed  of  clay  or 
other  retentive  soils.  The  only  difficulty,  mdeed,  is  to  exphun  why  the 
water  does  not  ooze  out  everywhere  along  the  line  of  junction  of  the 
two  formations,  so  as  to  form  one  continuous  land-soak,  instead  of  a 
few  springs  only,  and  these  far  distant  from  each  other.  The  principal 
cause  of  this  concentration  of  the  waters  at  a  few  points  is,  fint,  the 
frequency  of  rents  and  fissures,  which  act  as  natural  drains ;  secondly, 
the  existence  of  inequalities  in  the  upper  surface  of  the  impermeable 
stratum,  which  lead  the  water,  as  valleys  do  on  the  external  surface  of 
a  country,  into  certain  low  levels  and  channels. 

That  the  generality  of  springs  owe  their  supply  to  the  atmosphere  is 
evident  from  this,  that  they  become  languid,  or  entirely  cease  to  flow, 
after  long  droughts,  and  are  again  replenished  after  a  continuance  of 
rain.  Many  of  them  are  probably  indebted  for  the  constancy  and  uni- 
formity of  their  volume  -to  the  great  extent  of  the  subterranean  reser- 
voirs with  which  they  communicate,  and  the  time  required  for  these  to 
empty  themselves  "by  percolation.  Such  a  gradual  and  regulated  dis- 
chai^  is  exhibited,  though  in  a  less  perfect  degree,  in  every  great  lake 
which  b  not  sensibly  affected  in  its  level  by  sudden  showers,  but  only 
slightly  raised  ;  so  that  its  channel  of  efflux,  instead  of  being  swollen 
suddenly  like  the  bed  of  a  torrent,  is  enabled  to  carry  off  the  surplus 
water  gradually. 

Much  light  has  been  thrown,  of  late  years,  on  thr  theory  of  springs^ 
by  the  boring  of  what  are  called  by  the  French  "  Artesian  w^lb,"  be- 
cause the  method  has  long  been  known  and  practised  in  Artois ;  and  it 
is  now  demonstrated  that  there  are  sheets,  and  in  some  places  currents 
of  fresh  water,  at  various  depths  in  the  earth.  The  instrument  em- 
ployed in  excavating  these  wells  b  a  large  augur,  and  the  cavity  bored 
b  usually  from  three  to  four  inches  in  diameter.  If  a  hard  rock  b  met 
with,  it  b  first  triturated  by  an  iron  rod,  and  the  materials  being  thus 
reduced  to  small  fragments  or  powder,  are  readily  extracted.  To  hinder 
the  sides  of  the  well  from  falling  in,  as  also  to  prevent  the  spreading  of 
the  ascending  water  in  the  surrounding  soil,  a  jointed  pipe  b  introduced, 
formed  of  wood  in  Artob,  but  in  other  countries  more  commonly  of 
metal.  It  frequently  happens  that,  after  passing  through  hundreds  of 
feet  of  retentive  soils,  a  water-bearing  stratum  b  at  length  pierced. 
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when  the  fluid  immediately  ascends  to  the  surface,  and  flows  over. 
The  first  rush  of  the  water  up  the  tuhe  is  often  violent,  so  that  for  a  time 
the  water  plays  like  a  fountain,  and  then,  unking,  continues  to  flow  over 
tranquilly,  or  sometimes  remains  stationary  at  a  certain  depth  below  the 
orifice  of  the  weU.  This  spouting  of  the  water  m  the  first  instance  is 
probably  owing  to  the  disengagement  of  air  and  carbonic  acid  gas,  for 
both  of  these  have  been  seen  to  bubble  up  with  the  water.* 

At  Sheemess,  at  the  mouth  of  the  Thames,  a  well  was  bored  on  s 
low  tongue  of  land  near  the  sea,  through  800  feet  of  the  blue  clay  of 
London,  below  which  a  bed  of  sand  and  pebbles  was  entered,  belongiag, 
doubtless,  to  the  plastic  clay  formation ;  when  this  stoatum  was  pierced, 
the  water  burst  up  with  impetuosity,  and  filled  the  well.  Bj  another 
perforation  at  the  same  place,  the  water  was  found  at  the  depth  of  328 
feet  below  the  surface  clay ;  it  first  rose  rapidly  to  the  height  of  189  fee^ 
and  then,  in  the  course  of  a  few  hours,  ascended  to  an  elevadoa  ol 
eight  feet  above  the  level  of  the  ground.  In  1824  a  well  was  dug  at 
Fulham,  near  the  Thames,  at  the  Bishop  of  London's,  to  the  depth  ot 
317  feet,  which,  after  traversing  the  tertiary  strata,  was  continued 
through  67  feet  of  chalk.  The  water  immediately  rose  to  the  surfiaoe, 
and  the  discharge  was  about  50  gallons  per  minute.  In  the  garden  of 
the  Horticultural  Society  at  Ghiswick,  the  borings  passed  through  19 
feet  of  gravel,  242^  f^et  of  clay  and  loam,  and  67^  feet  of  chalk,  and 
the  water  then  rose  to  the  surface  from  a  depth  of  829  feet.f  At  the 
Duke  of  Northumberland's,  above  Ghiswick,  the  borings  were  carried  to 
the  extraordinary  depth  of  620  feet,  so  as  to  enter  the  chalk,  when  a 
considerable  volume  of  water  was  obtiuned,  which  rose  four  feet  above 
the  surface  of  the  ground.  In  a  well  of  Mr.  Brooks,  at  Hammersmith, 
the  rush  of  water  from  a  depth  of  360  feet  was  so  great,  as  to  inundate 
several  buildings  and  do  considerable  damage  ;  and  at  Tooting,  a  suffi- 
cient stream  was  obtuned  to  turn  a  wheel,  and  raise  the  water  to  the 
upper  stories  of  the  houses.];  In  1838,  the  total  supply  obtained  from 
the  chalk  near  London  was  estimated  at  six  million  gallons  a  day,  and, 
in  1851,  at  nearly  double  that  amount,  the  increase  being  accompanied 
by  an  average  fall  of  no  less  than  two  feet  a  year  in  the  level  to  which 
the  water  rose.  The  water  stood  commonly,  in  1822,  at  high-wat^ 
mark,  and  had  sunk  in  1851  to  45,  and  in  some  wells  to  65  feet  bek)W 
high-water  mark.§  This  fact  shows  the  limited  capacity  of  the  subter- 
ranean reservoir.  In  the  last  of  three  wells  bored  through  the  chalk 
at  Tours,  to  the  depth  of  several  hundred  feet,  the  water  rose  32  feet 
above  the  level  of  the  soil,  and  the  discharge  amounted  to  300  cubic 
yards  of  water  every  twenty-four  hours.] 

By  way  of  experiment,  the  sinking  of  a  well  was  conmienced  at  Paris 

*  OoDault  J.  Prestwidi,  Water-bearing  Strata  around  London.    1851.    (^«> 
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m  1834,  which  had  reached,  id  Noyember,  1839»  a  depth  of  more  than 
160O  English  feet,  and  yet  no  water  asel^nded  to  the  surface.  The 
goremment  were  persuaded  by  M.  Arago  to  perseverei  if  necessaiy,  to 
the  depth  oi  more  than  2000  feet ;  but  when  they  had  descended 
aboTO  1800  English  feet  below  the  surface,  the  water  rose  through 
the  tube  (which  was  about  ten  inches  in  diameteir),  so  as  tp  discharge 
half  a  million  of  gallons  of  lunpid  water  every  twenty-four  hours.  The 
temperature  of  the  water  increased  at  the  rate  of  1^  8'  F.  for  every  101 
English  feet,  as  they  went  down,  the  result  agreeing  very  closely  with 
the  anticipations  of  the  scientific  advisers  of  this  most  spirited  under- 
taking. 

Mr.  Briggs,  the  British  consul  in  Egypt,  obtamed  water  between 
Cairo  and  Suez,  in  a  calcareous  sand,  at  the  depth  of  thirty  feet ;  but 
It  did  not  rise  in  the  well*  But  other  borings  in  the  same  desert,  of 
variable  depth,  between  50  and  300  feet,  and  which  passed  through 
alternations  of  sand,  clay,  and  siliceous  rock,  yielded  water  at  the 
8ur£Eice.f 

The  rise  and  overflow  of  the  water  in  Artesian  wells  is  generally 
referred,  and  apparently  with  reason,  to  the  same  principle  as  the  play 
of  an  artificial  fountain.  Let  the  porous  stratum  or  set  of  strata,  a  a, 
rest  on  the  unpermeable  rock  d,  and  be  covered  by  another  mass  of  an 
hnpermeable  nature.  The  whole  mass  a  a  may  easily,  in  such  a  posi- 
tioD,  become  saturated  with  water,  which  may  descend  from  its  higher 
and  exposed  parts — a  hilly  region  to  which  clouds  are  attracted,  and 


Fig.  90. 


where  rain  falls  in  abundance.  Suppose  that  at  some  point,  as  at  b, 
an  opening  be  made,  which  gives  a  free  passage  upwards  to  the  waters 
confined  in  o  a,  at  so  low  a  level  that  they  are  subjected  to  the  pres- 
sure of  a  considerable  column  of  water  collected  in  the  more  elevated 
portion  of  the  same  stratum.  The  water  will  then  rush  out,  just  as  the 
liquid  from  a  large  barrel  which  is  tapped,  and  it  will  rise  to  a  height 
corresponding  to  the  level  of  its  point  of  departure,  or,  rather,  to  a 
he^ht  which  balances  the  pressure  previously  exerted  by  the  confined 
waters  against  the  roof  and  sides  of  the  stratum  or  reservoir  a  a.  In 
like  manner,  if  there  happen  to  be  a  natural  fissure  c,  a  spring  will  be 
produced  at  the  surface  on  precisely  the  same  principle. 

Among  the  causes  of  the  failure  of  Artesian  wells,  we  may  mention 
those  numeroirs  rents  and  faults  which  abound  in  some  rocks,  and  the 

I  B^eDtffT"^  i^  ^o«-  ^e  la  G6oL  en  1882,  p.  184. 
t  »e^enth  Rep.  Brit  aS.  1887,  p.  66. 
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deep  ravines  and  valleys  by  which  many  countnes  are  trnversed ;  for, 
when  these  natural  lines  of  dndnage  exist,  there  remains  a  small  qoaii- 
tity  only  of  water  to  escape  by  artificial  issues.  We  are  also  liaUe  to 
be  baffle  by  the  great  thickness  either  of  porons  or  impervious  strata 
or  by  the  dip  of  the  beds,  which  may  carry  off  the  waters  from  the  ad* 
joining  high  lands  to  some  trough  in  an  opposite  direction,  as  when  the 
boiings  are  made  at  the  foot  of  an  escarpment  where  the  strata  inclme 
mwards,  or  in  a  direction  opposite  to  the  face  of  the  cliffs. 
.  The  mere  distance  of  hills  or  moimtains  need  not  discourage  us  from 
makmg  trials ;  for  the  waters  which  fall  on  these  higher  lands  readily 
penetrate  to  great  depths  through  highly  inclined  or  vertical  strata,  or 
through  the  fissures  of  shattered  rocks,  and  after  flowing  for  a  great 
distance,  must  often  reascend  and  be  brought  up  again  by  other  fissures, 
so  as  to  approach  the  surfisice  in  the  lower  country.  Here  they  may 
be  concealed  beneath  the  covering  of  undisturbed  horizontal  beds,  which 
it  may  be  necessary  to  pierce  in  order  to  reach  them.  It  should  be 
remembered,  that  the  course  of  waters  flowing  under  ground  bears 
but  a  remote  resemblance  to  that  of  rivers  on  the  surface,  there  being, 
in  the  one  case,  a  constant  descent  from  a  higher  to  a  lower  level  from 
the  source  of  the  stream  to  the  sea ;  whereas,  in  the  other,  the  water 
may  at  one  time  sink  far  below  the  level  of  the  ocean,  and  afterwards 
rise  again  high  above  it. 

Among  other  curious  facts  ascertamed  by  aid  of  the  bcH'er,  it  is 
proved  that  m  strata  of  difiierent  ages  and  compositions,  there  are  often 
open  passages  by  which  the  subterranean  waters  circulate.  Thus,  at 
St.  Ouen,  in  France,  five  distinct  sheets  of  water  were  intersected  ii^  a 
well,  and  from  each  of  these  a  supply  obtained.  In  the  third  water- 
bearing stratum,  at  the  depth  of  150  feet,  a  cavity  was  found  in  which 
the  borer  fell  suddenly  about  a  foot,  and  thence  the  water  ascended  in 
great  volume.*  The  same  falling  of  the  instrument,  as  in  a  hollow 
space,  has  been  remarked  in  England  and  other  countries.  At  Tours, 
in  1830,  a  well  was  perforated  quite  through  the  chalk,  when  the' 
water  suddenly  brought  up,  from  a  depth  of  864  ieet,  a  great  quantity 
of  fine  sand,  with  much  vegetable  matter  and  shells.  Branches  of  a 
thorn  several  inches  long,  much  blackened  by  their  stay  in  the  water, 
were  recognized,  as  also  the  stems  of  marsh  plants,  and  some  of  their 
roots,  which  were  still  white,  together  with  the  seeds  of  the  same  in  a 
state  of  preservation,  which  showed  that  they  had  not  remained  more 
than  three  or  four  months  in  the  water.  Among  the  seeds  were  those 
of  the  marsh  plant  Galium  uliginosum  ;  and  among  the  shells,  a  fresh- 
water species  {Planarbis  marffinattu),  and  some  land  species,  as  Helix 
rotundata  and  ff.  striata.  M.  Dujardin,  who,  with  others,  observed 
this  phenomenon,  supposes  that  the  waters  had  flowed  from  some  val- 
leys of  Auvergne  or  the  Vivarais  since  the  preceding  autumn.f 

An  analogous  phenomenon  is  recorded  at  Reimke,  near  Bochum  in 

*  H.  de  Thnry,  p.  296.  f  Bull  de  U  Soe.  G^ol  de  France,  torn.  L  p.  9t. 
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Westphalia,  where  the  water  of  an  Arteaan  well  hrought  up,  from  a 
depth  of  156  feet,  several  small  fish,  three  or  four  inches  long,  the 
nearest  streams  in  the  counUy  being  at  a  distance  of  some  leagues.* 

In  both  cases  it  is  evident  that  water  had  penetrated  to  great 
depths,  not  simply  by  filtering  through  a  porous  mass,  for  then  it 
would  have  left  behind  the  sheik,  fish,  and  fragments  of  plants,  but  by 
flowing  through  some  open  channels  in  the  earth.  Such  examples 
may  suggest  the  idea  that  the  leaky  beds  of  rivers  are  often  the  feeders 
of  springs. 

MIKERAL  AND   THERMAL   SPRINGS. 

Almost  all  springs,  even  those  which  we  consider  .he  surest,  are 
impregnated  with  some  foreign  ingredients,  which,  being  in  &  state  of 
chemical  solution,  are  so  intimately  blended  with  the  water  as  not  to 
afifect  its  clearness,  while  they  render  it,  in  general,  more  agreeable  to 
our  taste,  and  more  nutritious  than  simple  rain-water.  But  the  springs 
called  mineral  contain  an  unusual  abund^ce  of  earthy  matter  in  solution, 
and  the  substances  with  which  they  are  impregnated  correspond  remark- 
ably with  those  evolved  in  a  gaseous  form  by  volcanoes.  Many  of  these 
springs  are  thermal,  i.  e.,  their  temperature  is  above  the  mean  tempera- 
ture of  the  place,  and  they  rise  up  through  all  kinds  of  rock ;  as,  for 
example,  through  granite,  gneiss,  limestone,  or  lava,  but  are  most  fre- 
quent in  volcanic  regions,  or  where  violent  earthquakes  have  occurred 
at  eras  comparatively  modem. 

The  water  given  out  by  hot  springs  is  generally  more  voluminous  and 
less  variable  in  quantity  at  different  seasons  than  that  proceeding  from 
any  others.  In  many  volcanic  regions,  jets  of  steam,  called  by  the 
Italians  **  stufas,*'  issue  from  fissures,  at  a  temperature  high  above  the 
boiling  point,  as  in  the  neighborhood  of  Naples,  and  in  the  Lipari  Isles, 
and  are  disengaged  unceasingly  for  ages.  Now,  if  such  columns  of 
steam,  which  are  often  mixed  with  other  gases,  should  be  condensed 
before  reaching  the  surface  by  coming  in  contact  with  strata  filled  with 
cold  water,  they  may  give  rise  to  thermal  and  mineral  springs  of  every 
degree  of  temperature.  It  is,  indeed,  by  this  means  only,  and  not  by 
hydrostatic  pressure,  that  we  can  account  for  the  rise  of  such  bodies  of 
water  from  great  depths ;  nor  can  we  hesitate  to  admit  the  adequacy  of 
the  cause,  if  we  suppose  the  expansion  of  the  same  elastic  fluids  to  be 
sufficient  to  raise  columns  of  lava  to  the  lofty  summits  of  volcanic  moun- 
tains. Several  gases,  the  carbonic  acid  in  particular,  are  disengaged  in 
a  free  state  from  the  soil  in  many  districts,  especially  in  the  regions  of 
active  or  extinct  volcanoes ;  and  the  same  are  found  more  or  less  inti- 
mately combined  with  the  waters  of  all  mineral  springs,  both  cold  and 
thermal.  Dr.  Daubeny  and  other  writers  have  remarked,  not  only  that 
these  springs  are  most  abundant  in  volcanic  refgions,  but  that  when 
remote  from  them,  their  site  usually  coincides  with  the  position  of  some 
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great  derangement  in  the  strata ;  a  fault,  for  example,  or  great  fissure^ 
indicating  that  a  channel  of  communication  has  been  opened  with  the 
interior  of  the  earth  at  some  former  period  of  local  convulsion.  It  is 
also  ascertained  that  at  great  heights  in  the  Pyrenees  and  Himalaya 
mountains  hot  springs  burst  out  from  granitic  rocks,  and  they  are  abun- 
dant in  the  Alps  also,  these  chains  having  all  been  disturbed  and  dislo* 
cated  at  times  comparatively  modem,  as  can  be  shown  by  independent 
geological  evidence. 

The  small  area  of  volcanic  regions  may  appear,  at  first  view,  to  pre* 
sent  aii  objection  to  these  views,  but  not  so  when  we  include  earth* 
quakes  among  the  effects  of  igneous  agency.  A  large  proporvton  of 
tiie  land  hitherto  explored  by  geologists  can  be  shown  to  have  beea 
rent  or  shaken  by  subterranean  movements  since  the  oldest  tertiary 
strata  were  formed.  It  will  also  be  seen,  in  the  sequel,  that  new 
springs  have  burst  out,  and  others  have  had  the  volume  of  their  waters 
augmented,  and  their  temperature  suddenly  raised  after  earthquakes,  so 
that  the  description  of  these  springs  might  almost  with  equal  propriety- 
have  been  given  under  the  heaid  of  "  igneous  causes,"  as  they  are  agents 
of  a  mixed  nature,  being  at  once  igneous  and  aqueous. 

But  how,  it  will  be  asked,  can  the  regions  of  volcanic  heat  send  forth 
such  inexhaustible  supplies  of  water  ?  The  difficulty  of  solving  this 
problem  would,  in  truth,  be  insurmountable,  if  we  believed  that  all  the 
atmospheric  waters  found  their  way  into  the  baun  of  the  ocean ;  but  in 
boring  near  the  shore  we  often  meet  with  streams  of  fresh  water  at  the 
depth  of  several  hundred  feet  below  the  sea  level ;  and  these  probably 
descend,  in  many  cases,  far  beneath  the  bottom  of  the  sea,  when  not 
artificially  intercepted  in  their  course.  Yet,  how  much  greater  may  be 
the  quantity  of  salt  water  which  sinks  beneath  the  floor  of  the  ocean, 
through  the  porous  strata  of  which  it  is  often  composed,  or  through 
fissures  rent  in  it  by  earthquakes.  After  penetrating  to  a  considerable 
depth,  this  water  may  encounter  a  heat  of  sufficient  intensity  to  convert 
it  into  vapor,  even  under  the  high  pressure  to  which  it  would  then  be 
subjected.  This  heat  would  probably  be  nearest  the  surface  in  volcanic 
countries,  and  farthest  from  it  in  those  districts  which  have  been  longest 
free  from  eruptions  or  earthquakes. 

It  would  follow  from  the  views  above  explained,  that  there  must  be 
a  twofold  circulation  of  terrestrial  waters ;  one  caused  by  solar  heat, 
and  the  other  by  heat  generated  in  the  interior  of  our  planet.  We 
know  that  the  land  would  be  unfit  for  vegetation,  if  deprived  of  the 
waters  raised  into  the  atmosphere  by  the  sun ;  but  it  is  also  true  that 
mmeral  springs  are  powerful  instruments  in  rendering  the  surface  sub- 
servient to  the  support  of  animal  and  vegetable  life.  Their  heat  is  said 
to  promote  the  development  of  the  aquatic  tribes  in  many  parts  of  the 
ocean,  and  the  substances  which  they  cany  up  from  the  bowels  of  the 
earth  to  the  habitable  surface,  are  of  a  nature  and  in  a  form  which 
adapts  them  peculiarly  for  the  nutrition  of  animals  and  plants. 

As  these  springs  derive  thdr  chief  importance  to  the  geologist  from 
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tiie  quantity  aod  quality  of  the  earthy  materials  which,  Uke  volcanoes, 
they  convey  from  below  upwards,  they  may  properly  be  considered  in 
reference  to  the  ingredients  which  they  hold  in  solution.  These  consist 
of  a  fpreat  rariety  of  substances ;  but  chiefly  salts  with  bases  of  lime, 
magnesia,  alumine,  and  iron,  combined  with  carbonic,  sulphuric,  and  mu^ 
riatic  acids.  Muriate  of  soda,  silica,  uid  free  carbonic  acid  are  frequently 
present ;  also  springs  of  petroleum,  or  liquid  bitumen,  and  of  naphtha. 

Calcareous  8pring$, — Our  first  attention  is  naturally  directed  to  springs 
which  are  highly  charged  with  calcareous  matter,  for  these  produce  a 
variety  of  phenomena  of  much  interest  in  geology.  It  Lb  known  that 
rain-water  collecting  carbonic  acid  from  the  atmosphere  has  the  property 
of  dissolving  the  calcareous  rocks  over  which  it  flows,  and  thus,  in  the 
smallest  ponds  and  rivulets,  matter  is  often  supplied  for  the  earthy  se- 
cretions of  testacea,  and  for  the  growth  of  certain  plants  on  which  they 
ieed.  But  many  springs  hold  so  much  carbonic  acid  in  solution,  .hat 
they  are  enabled  to  dissolve  a  much  larger  quantity  of  calcareous  matter 
than  rain-water ;  and  when  the  acid  is  dissipated  in  the  atmosphere,  the 
mineral  ingredients  are  thrown  down,  in  the  form  of  porous  tufa  or  of 
more  compact  travertin.* 

Auverffne. — Calcareous  springs,  although  most  abundant  in  limestone 
districts,  are  by  no  means  confined  to  them,  but  flow  out  indiscriminately 
from  all  rock  formations.  In  central  France,  a  district  where  the  pri- 
mary rocks  are  unusually  destitute  of  limestone,  springs  copiously 
charged  with  carbonate  of  lime  rise  up  through  the  granite  and  gneiss. 
Some  of  these  are  thermal,  and  probably  derive  their  origin  from  the 
deep  source  of  volcanic  heat,  once  so  active  in  that  region.  One  of  these 
springs,  at  the  northern  base  of  the^hill  upon  which  Claremont  is  built, 
issues  from  volcanic  peperino,  which  rests  on  granite.  It  has  formed, 
by  its  incrustations,  an  elevated  mound  of  travertin,  or  white  concretion- 
ary limestone,  240  feet  in  length,  and,  at  its  termination,  sixteen  feet 
high  and  twelve  wide.  Another  encrusting  spring  in  the  same  depart- 
ment, situated  at  Ghaluzet,  near  Pont  Gibaud,  rises  in  a  gneiss  country, 
at  the  foot  of  a  regular  volcanic  cone,  at  least  twenty  miles  from  any 
calcareous  rock.  Some  masses  of  tufaceous  deposit,  produced  by  this 
spring,  have  an  oolitic  texture. 

Valley  <fthe  Bha.^li  we  pass  from  the  volcanic  district  of  France 
to  that  which  skirts  the  Apennines  in  the  Italian  peninsula,  we  meet 
with  innumerable  springs  which  have  precipitated  so  much  calcareous 
matter,  that  the  whole  ground  in  some  parts  of  Tuscany  is  coated  over 
with  tufa  and  travertin,  and  sounds  hollow  beneath  the  foot. 

In  other  places  in  the  same  country,  compact  rocks  are  seen  descend- 
bg  the  slanting  sides  of  hills,  very  much  in  the  manner  of  lava  currents, 
except  that  they  are  of  a  white  color  and  terminate  abruptly  when  they 
reach  the  course  of  a  river.  These  consist  of  a  calcareous  precipitate 
from  springs,  some  of  which  are  still  flowing,  while  others  have  disap* 

#        •  Bee  OloMary,  ••  Tufa,"  «  Travtftia.'' 


S40 


TRAYEBTIN  OF  fiAlff  YXGITOra. 


[CftXYL 


peared  or  changed  tLeir  position.  Such  masses  ara  frequent  oq  the 
slope  of  the  hills  which  bound  the  valley  of  the  Eka,  one.  of  the  tribu- 
taries of  the  Amo,  which  flows  near  Colle,  through  a  valley  several  hua- 
dred  feet  deep,  shaped  out  of  a  lacustrine  formatioD,  containing  fossil 
shells  of 'existing  species.  I  observed  here  that  the  travertb  was  un- 
conformable to  the  lacustrine  beds,  its  inclination  according  with  the 
slope  of  the  sides  of  the  valley.  One  of  the  finest  examples  which  I 
saw  was  at  the  Molino  delle  Caldane,  near  CoUe.  The  Sena,  and  several 
other  small  rivulets  which  feed  the  Elsa,  have  the  property  of  encruatiiig 
wood  and  herbs  with  calcareous  stone.  In  the  bed  of  the  £l8a  itself, 
aquatic  plants,  such  as  Chorse,  which  absorb  lai^fe  quantities  of  carbon- 
ate of  lime,  are  very  abundant 

Baths  of  San  Vignone, — Those  persons  who  have  merely  seen  the 
action  of  petrifying  waters  in  England,  will  not  easily  form  an  adequate 
conception  of  the  scale  on  which  the  same  process  is  exhibited  in  those 
regions  which  lie  nearer  to  the  active  centres  of  volcanic  disturbance. 
One  of  the  most  striking  examples  of  the  rapid  precipitation  of  carbonate 
of  lime  from  thermal  waters,  occurs  in  the  hill  of  San  Yignone  in  Tus- 
cany, at  a  short  distance  fram  Radicofani,  and  only  a  few  hundred  yaida 
from  the  high  road  between  Sienna  and  Rome.  The  spring  issues  from 
near  the  summit  of  a  rocky  hill,  about  100  feet  in  h^ht.    The  top  of 
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the  hill  stretches  in  a  gently  inclined  platform  to  the  foot  of  Mount 
Amiata,  a  lofty  eminence,  which  consists  in  great  part  of  volcanic  prod- 
ucts. The  fundamental  rock,  from  which  the  spring  issues,  is  a  black 
slate,  with  serpentine  (5  &,  fig.  21),  belonging  to  the  older  Apennine  for- 
mation. The  water  is  hot,  has  a  strong  taste,  and,  when  not  in  very 
small  quantity,  is  of  a  bright  green  color.  So  rapid  is  the  deposition 
near  the  source,  that  in  the  bottom  of  a  conduit-pipe  for  carrying  off 
the  water  to  the  baths,  and  which  is  inclined  at  an  angle  of  80°,  half  a 
foot  of  solid  travertin  is  formed  every  year.  A  more  compact  rock  is 
produced  where  the  water  flows  alowly ;  and  the  precipitation  in  winter, 
when  there  is  least  evaporation,  is  said  to  be  more  solid,  but  less  in 
quantity  by  one-fourth,  than  in  summer.  The  rock  is  generally  white ; 
some  parts  of  it  are  compact,  and  ring  to  the  hammer ;  q^ers  are  oel- 


CmlXTL]  tkaysbiin  of  SAN  Fnjppo.  241 

hilar,  and  with  such  cavities  as  are  seen  in  the  carious  part  of  bone  ot 
tke  fifliceoiia  millstone  of  the  Paris  basin.  A  portion  of  it  also  below 
the  TiHage  of  San  Yignone  consists  of  incrustations  of  long  vegetable 
tabes,  and  maj  be  called  tufa.  Sometimes  the  trayertin  assumes  pre- 
dsdy  the  botaTcndal  and  mammillary  forms,  common  to  similar  deposits 
in  AuTergne,  of  a  much  older  date ;  and,  like  them,  it  often  scales  off 
in  thin,  slightly  undulating  layers. 

A  large  mass  of  travertin  {c,  fig.  21)  descends  the  hill  from  the 
point  where  the  8|Hring  issues,  and  reaches  to  the  distance  of  about  half 
a  mile  east  of  San  Yignone.  The  beds  take  the  slope  of  the  hill  at 
about  an  angle  of  6^,  and  the  planes  of  stratification  are  perfectly  par* 
allel.  One  stratum,  composed  of  many  layers,  is  of  a  compact  nature, 
and  fifteen  feet  thick ;  it  serves  as  an  excellent  building  stone,  and  a 
mass  of  fifteen  feet  m  length  was,  in  1828,  cut  out  for  the  new  bridge 
over  the  Orda.  Another  branch  of  it  (a,  &g,  21)  descends  to  the  west, 
for  250  feet  in  length,  oi  varying  thickness,  but  sometimes  200  feet 
deep ;  it  is  then  cut  off  by  the  small  river  Orcia,  as  some  glaciers  in 
Switzerland  descend  into  a  valley  till  their  progress  is  suddenly  aiiaested 
by  a  transverse  stream  of  water. 

The  abrupt  termination  of  the  mass  of  rock  at  the  river,  where  its 
thVyVpftofl  is  undiminished,  clearly  shows  that  it  would  proceed  much 
fiarther  if  not  arrested  by  the  stream,  over  which  it  impends  slightly. 
But  it  cannot  encroach  upon  the  channel  of  the  Orcia,  being  constantly 
undermined,  so  that  its  solid  fragments  are  seen  strewed  amongst  the 
alluvial  gravel.  However  enormous,  therefore,  the  mass  of  solid  rock 
may  appear  which  has  been  given  out  by  this  .single  spring,  we  may 
feel  assured  that  it  is  insignificant  in  volume  when  compared  to  that 
which  has  been  carried  to  the  sea  since  the  time  when  it  began  to  flow. 
What  may  have  been  the  length  of  that  period  of  time  we  have  no 
data  for  conjecturing.  In  quarrying  the  travertin,  Roman  tiles  have 
been  sometimes  found  at  the  depth  of  five  or  six  feet. 

Baths  of  San  Filippo, — On  another  hill,  not  many  miles  from  that 
last  mentioned,  and  also  connected  with  Mount  Amiata,  the  summit  of 
which  is  about  three  miles  distant,  aro  the  celebrated  baths  of  San 
fHippo.  The  subjacent  rocks  consist  of  alternations  of  black  slate,  lime- 
stone,  and  serpentine.  There  are  three  warm  springs  containing  car- 
bonate and  sulphate  of  lime,  and  sulphate  of  magnesia.  The  water 
which  supplies  the  baths  falls  into  a  pond,  whero  it  has  been  known  to 
deposit  a  solid  mass  thirty  feet  thick  in  about  twenty  years.*  A  manu- 
faetory  of  medallions  in  basso-relievo  is  carried  on  at  these  baths.  The 
water  is  conducted  by  canals  into  several  pits,  in  which  it  deposits  trav- 
ertin and  crystals  of  sulphate  of  lime.  After  being  thus  freed  from  its 
grosser  parts,  it  is  conveyed  by  a  tube  to  the  summiC  of  a  small  cham- 
ber, and  made  to  fall  through  a  space  of  ten  or  twelve  feet.  The  cur- 
rent 18  broken  in  its  descent  by  numerous  crossed  sticks,  by  which  the 
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spray  is  dispersed  around  upon  certain  moulds,  which  are  nibbed 
lightly  over  with  a  solution  of  soap,. and  a  deposition  of  solid  matter 
like  marble  is  the  result,  yielding  a  beautiful  cast  of  the  figures  formed 
in  the  mould.  The  geologist  may  derive  from  these  experiments  con- 
siderable light,  in  regard  to  the  high  slope  of  the  strata  at  which  some 
semi-crystalline  precipitations  can  be  formed ;  for  some  of  the  moulds 
are  disposed  almost  perpendicularly,  yet  the  deposition  is  nearly  equal 
in  all  parts. 

A  hard  stratum  of  stone,  about  a  foot  in  thickness,  is  obtuned  from 
the  waters  of  San  Filippo  in  four  months ;  and,  as  the  springs  i&re 
powerful,  and  almost  uniform  in  the  quantity  given  out,  we  are  at  no 
loss  to  comprehend  the  magnitude  of  the  mass  which  descends  the 
hill,  which  is  a  mile  and  a  quarter  in  length  and  the  third  of  a  mile  in 
breadth,  in  some  places  attaining  a  thickness  of  250  feet  at  least  To 
what  length  it  might  have  reached  it  is  impossible  to  conjecture,  as  it  is 
cut  off,  like  the  travertin  of  Ban  Vlgnone,  by  a  small  stream,  where  it 
terminates  abruptly.  The  remainder  of  the  matter  held  m  solution  is 
carried  oh  probably  to  the  sea. 

Spheroidal  structure  in  travertin. — But  what  renders  this  recent 
limestone  of  peculiar  interest  to  the  geologist,  is  the  spheroidal  form 
which  it  assumes,  analogous  to  that  of  the  cascade  of  Tivoli,  afterwards 
to  be  described.  (See  fig.  22,  p.  244.)  The  lamination  of  some  of  the 
concentric  masses  is  so  minute  that  sixty  may  be  counted  in  the  thick- 
ness of  an  inch,  yet,  notwithstanding  these  marks  of  gradual  and  suc- 
cessive deposition,  sections  are  sometimes  exhibited  of  what  might  seem 
to  be  perfect  spheres.  This  tendency  to  a  mammillary  and  globular 
structure  arises  from  the  facility  with  which  the  calcareous  matter  is 
precipitated  in  nearly  equal  quantities  on  all  «des  of  any  fragment  of 
shell  or  wood  or  any  inequality  of  the  surface  over  which  the  mineral 
water  flows,  the  form  of  the  nucleus  being  readily  transmitted  through 
any  number  of  successive  envelopes.  But  these  masses  can  never  be 
perfect  spheres,  although  they  oftien  appear  such  when  a  transverse 
section  is  made  in  any  line  not  in  the  direction  of  the  point  of  attach- 
ment. Thei'e  are,  indeed,  occasionally  seen  small  oolitic  and  pisolitic 
grains,  of  which  the  form  is  globular;  for  the  nucleus,  having  been  for 
a  time  in  motion  in  the  water,  has  received  fresh  accessions  of  matter  cm 
all  sides. 

In  the  same  manner  I  have  seen,  on  the  vertical  walls  of  laige  steam- 
boilers,  the  heads  of  nails  or  rivets  covered  by  a  series  of  enveloping 
crusts  of  calcareous  matter,  usually  sulphate  of  lime ;  so  that  a  concre- 
tionary nodule  is  formed,  preserving  a  nearly  globular  shape,  when  in- 
creased to  a  mass  several  inches  in  diameter.  In  these,  as  in  many  traver- 
tins, there  is  often  a  combination  of  the  concentric  and  radiated  structore. 

Campa^na  di  jRoma, — The  country  around  Rome,  like  many  parts  of 
the  Tuscan  States  already  referred  to,  has  been  at  some  former  period 
the  site  of  numerous  volcanic  eruptions;  and  the  springs  are  still 
copiously  impregnated  with  lime,  carbonic  acid,  and  sulphuretted  hydre- 
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gen.  A  hot  spnng  iras  diseoTered  about  1827,  near  Cmta  Yeoohia^ 
by  Signor  Rtccioli,  which  depoatts  alternate,  beds  of  a  yellowiah  trav- 
ertin, and  a  white  granular  roeki  not  distinguishable,  in  hand  speei- 
mens,  either  in  grain,  color,  or  composition,  from  statuary  marble.  There 
is  a  passage  between  this  and  ordinary  travertin.  The  mass  accumu- 
hted  near  the  spring  is  in  some  places  about  six  feet  thick. 

Lake  of  the  Soifatara. — In  the  Campagna,  between  Borne  and  Hv- 
oli,  is  the  Lake  of  the  Solfatara,  called  also  Lago  di  Zolfo  (lacus  aibula), 
mto  which  flows  continually  a  stream  of  tepid  water  from  a  smaller 
lake,  situated  a  few  yards  above  it.  The  water  is  a  saturated  solution 
of  carbonic  acid  gas,  which .  escapes  from  it  in  such  quantities  in  some 
parts  of  its  surfiice,  that  it  has  the  appearance  of  being  actually  in  ebul- 
lition. ''I  have  found  by  experiment,*'  says  Sir  Humphry  Davy,  "  that 
the  water  taken  from  the  most  tranquil  part  of  the  lake,  even  after  be- 
ing agitated  and  exposed  to  the  air,  contained  in  solution  more  than  its 
own  volume  of  carbonic  acid  gas,  with  a  very  small  quantity  of  sulphu- 
retted hydrogen.  Its  high  temperature,  which  is  pretty  constant  at  80^ 
of  Fahr.,  and  the  quantity  of  carbonic  acid  that  it  contains,  render  it 
peculiarly  fitted  to  afford  nourishment  to  vegetable  life.  The  banks  of 
tavertin  are  everywhere  covered  with  reeds,  lichen,  confervse,  and 
various  kinds  of  aquatic  vegetables ;  and  at  the  same  time  that  the  pro- 
cess of  v^etable  life  is  going  on,  the  crystallizations  of  the  calcareous 
matter,  which  is  everywhere  deposited,  in  consequence  of  the  escape 
of  carbonic  acid,  likewise  proceed.  There  is,  I  believe,  no  place  in  tbe 
world  where  there  is  a  more  striking  example  of  the  opposition  or  con-^ 
trast  of  I  the  laws  of  animate  and  inanimate  nature,  of  the  forces  of  mor- 
ganic  chemical  affinity,  and  those  of  the  powers  of  life."  * 

The  same  observer  informs  us  that  he  fixed  a  stick  in  a  mass  of 
travertin  covered  by  the  water  in  the  month  of  May,  and  in  April  fol- 
lowing he  had  some  difficulty  in  breaking,  with  a  sharp- pointed  hammer, 
the  mass  which  adhered  to  the  stick,  and  which  was  several  inches  in 
thickness.  The  upper  part  was  a  mixture  of  light  tufa  and  the  leaires 
of  confervse ;  below  this  was  a  darker  and  more  solid  travertin,  contain- 
ing black  and  decomposed  masses  of  confervs ;  in  the  inferior  part  the 
travertin  was  more  solid,  and  of  a  gray  color,  but  with  ci^vities  probably 
produced  by  the  decomposition  of  vegetable  matter.f 

The  stream  which  flows  out  of  this  lake  fills  a  canal  about  nine  feet 
broad  and  four  deep,  and  is  conspicuous  in  the  landscape  by  a  line  of 
vapor  which  rises  from  it.  It  deposits  calcareous,  tufa  in  this  channel, 
and  the  Tiber  probably  receives  from  it»  as  well  as  from  numerous  other 
streams,  much  carbonate  of  lime  in  solution,  which  may  contribute  to 
the  rapid  growth  of  its  delta.  A  lai^e  proportion  of  the  most  splendid 
edifices  of  ancient  and  modem  Rome  are.biUlt  of  travertin,  derived  from 
the  quarries  of  Ponte  Lucano,  where  there  has  evidently  been  a  lake  at 
a  remote  period,  on  the  same  plain  as  that  already  described. 

•  CkMUBoIaUoiu  IB  Travel,  pp.  12S*126.  f  ^^  P>  ^^'^' 
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TtaverHn  of  TitfoU.-*la  the  fiame  aeighborbood  tlie  calcareous 
waters  of  the  Anio  inorust  the  reeds  which  grow  on  its  banks,  and  th* 
foam  of  the  cataract  of  Tivoli  forms  beautiful  pendant  stalactites.  On 
the  sides  of  the  deep  chasm  into  which  the  cascade  throws  itself  there 
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Section  of  spheroidal  concretlonarj  Travertin  under  die  CMcade  ofTIroU. 

IS  seen  an  extraordinary  accumulation  of  horizontal  beds  of  tufa  and 
trnTerdn,  from  four  to  five  hundred  feet  in  thickness.  The  section 
immediately  under  the  temples  of  Vesta  and  the  Sibyl,  displays,  in  a 
precipice  about  four  hundred  feet  high,  some  spheroids  which  are  from 
six  to  tight  feet  m  diameter,  each  concentric  layer  being  about  the  eighth 
of  an  inch  in  thickness.  The  preceding  diagram  exhibit^  about  fourteen 
feet  of  this  unmense  mass,  as  seen  in  the  path  cut  out  of  the  rock  in  de- 
scending from  the  temple  of  Vesta  to  the  Grotto  di  Nettuno.  I  hare 
not  attempted  to  express  in  this  drawing  the  innumerable  thin  layers  of 
which  these  magnificent  spheroids  are  composed,  but  the  lines  giren 
mark  some  of  the  natural  divbions  into  which  they  are  separated  by 
minute  Tatiations  in  the  size  or  color  of  the  laminss.    The  undulations 
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also  are  much  smaUer  in  proportkm  to  the  whole  circuinfeKiice  than  in 
the  drawing.  The  heds  (a  a)  are  of  hard  travertin  and  soft  tufa ;  be- 
low them  is  a  pisolite  (b),  the  globules  being  of  different  sises :  under** 
neath  this  appears  a  mass  of  concretionary  travertin  (c  c),  some  of  the 
spheroids  being  of  the  above-mentioiied  eztraordinaiy  siase.  In  some 
places  (as  at  d)  there  is  a  mass  of  amorphous  limestone,  or  tufa,  sur- 
rounded by  coneentrie  layers.  At  the  bottom  is  another  bed  of 
pisolite  {b),  in  which  the  small  nodules  are  about  the  size  and  shape 
of  beans,  and  some  of  them  of  filberts,  intermixed  with  some  smaller 
oohtic  grains.  In  the  iufaoeous  strata,  wood  is  seen  converted  into  a 
light  tufa. 

There  can  be  little  doubt  that  the  whrle  of  this  deposit  was  fonned 
in  an  extensive  lake  which  existed  when  the  external  config^uration  of 
this  country  varied  greatly  from  that  now  observed.  The  Anio  throws 
itself  into  a  ravine  excavated  in  the  ancient  travertin,  and  its  waters 
give  rise  to  masses  of  calcareous  stone,  scarcely  if  at  aU  distinguishable 
from  the  older  rock.  I  was  shown,  in  1828,  in  the  upper  part  of  the 
travertin,  the  hollow  left  by  a  cart-wheel,  in  which  the  outer  circle  and 
the  spokes  had  been  decomposed,  and  the  spaces  which  they  filled  left 
void.  It  seemed  to  me  at  the  time  impossible  to  exphun  the  position 
of  this  mould  without  supposing  that  the  wheel  was  imbedded  before 
the  lake  was  drained ;  but  Sir  B.  Murchison  suggests  that  it  may  have 
been  washed  down  by  a  flood  into  the  gorge  in  modem  times,  and  then 
incrusted  with  calcareous  tufa  in  the  same  manner  as  the  wooden  beam 
of  the  church  of  St.  Lucia  was  swept  down  in  1826,  and  stuck  fast  in 
the  Grotto  of  the  Syren,  where  it  still  remains,  and  will  eventually  be 
quite  imbedded  in  travertin. 

I  have  already  endeavored  to  explain  (p.  241),  when  speaking  of 
the  travertin  of  San  Filippo,  how  the  spheroidal  masses  represented  in 
figure  22  may  have  been  formed. 

Sulphureous  and  gypseus  qninga, — ^The  quantity  of  other  mineral 
ingredients, wherewith  springs  in  general  are  impregnated,  is  insignifi- 
cant in  comparison  to  lime,  and  this  earth  is  most  frequently  combined 
with  carbonic  acid.  But  as  sulphuric  acid,  and  sulphuretted  hydrogen 
are  very  frequently 'supplied  by  springs,  gypsum  may,  perhaps,  be  de- 
posited largely  in  certain  seas  and  lakes.  Among  other  gypseous 
precipitates  at  present  known  on  the  land,  I  may  mention  those  of 
Baden,  near  Vienna,  which  feed  the  public  bath.  Some  of  these  sup- 
ply singly  from  600  to  1000  cubic  feet  of  water  per  hour,  and  deposit 
a  fine  powder,  composed  of  a  mixture  of  sulphate  of  lime  with  sulphur 
and  muriate  of  lime.*  The  thermal  waters  of  Aix,  in  Savoy,  in  passing 
through  strata  ci  Jurassic  hmestone,  turn  them  into  gypsum  or  sulphate 
of  lime.  In  the  Andes,  at  the  Puenta  del  Inca,  lieutenant  Brand 
found  a  thermal  spring  at  the  temperature  of  91°  Fahn,  containing  a 
large  proportion  of  gypsum  with  carbonate  of  lime  and  other  ingredi- 

*  0.  Prevost,  Easal  sur  la  Constitution  Physique  dn  Bassin  de  Yienne,  p.  10. 
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ents.*  Many  of  tbe  mineral  springs  of  Iceland,  says  Mr.  R.  Bunsen, 
deposit  gypsam,f  and  stdphureous  acid  gas  escapes  plentifully  from 
them  as  from  the  volcanoes  of  the  same  island.  It  may,  indeed,  be  laid 
down  as  a  general  rule,  that  the  mmeral  substances  dissolved  in  hot 
springs  agree  very  closely  with  those  which  are  disengaged  in  a  gaseous 
form  from  the  craters  of  active  volcanoes. 

Siliceous  springs. — Azores, — In  order  that  water  should  hold  a  very 
large  quantity  of  »lica  in  solution,  it  seems  necessary  that  it  should  be 
raised  to  a  high  temperature.|  The  hot  springs  of  the  Yalle  das 
Femas,  in  the  island  of  St.  Michael,  riang  through  volcanic  rocks,  pre- 
cipitate vast  quantities  of  siliceous  sinter.  Around  the  circular  basin  of 
the  largest  spring,  which  is  between  twenty  and  thirty  feet  m  diameter, 
ahemate  layers  are  seen  of  a  coarser  variety  of  sinter  mixed  with  clay, 
including  grass,  ferns,  and  reeds,  in  different  states  of  petrifaction.  In 
some  instances,  alumina,  which  is  likewise  deported  from  the  hot 
waters,  is  the  mineraliring  material.  Branches  of  the  same  ferns  which 
now  flourish  in  the  island  are  found  completely  petrified,  preserving  the 
same  appearance  as  when  vegetating,  except  that  they  acquire  an  ash- 
gray  color.  Fragments  of  wood,  and  one  entire  bed  from  three  to  five 
feet  in  depth,  composed  of  reeds  now  common  in  the  island,  have  be- 
come completely  mineralixed. 

The  most  abundant  variety  of  siliceous  nnter  occurs  in  layers,  from  a 
quarter  to  half  an  inch  in  thickness,  accumulated  on  each  other  often 
to  the  height  of  a  foot  and  upwards,  and  constituting  parallel,  and  for 
the  most  part  horizontal,  strata  many  yards  in  extent.  This  sinter  has 
often  a  beautiful  semi-opalescent  lustre.  A  recent  breccia  is  also  m 
the  act  of  forming,  composed  of  obsidian,  pumice,  and  scories,  cemented 
by  siliceous  sinter.§ 

Geysers  of  Icdand, — But  the  hot  springs  in  various  parts  of  Iceland, 
particularly  the  celebrated  geysers,  afford  the  most  remarkable  example 
of  the  deposition  of  silex.]  The  circular  reservoirs  into  which  the  gey- 
sers fall,  are  lined  in  the  interior  with  a  variety  of  opal,  and  round  the 
edges  with  sinter.  The  plants  incrusted  with  the  ktter  substance  have 
much  the  same  appearance  as  those  incrusted  with  calcareous  tufa  in 
our  own  country.  They  consist  of  various  grasses,  the  horse-tail 
{EquiHtum),  and  leaves  of  the  birch-tree,  which  are  the  most  common 
of  all,  though  no  trees  of  this  species  now  exist  in  the  surrounding 
country.  The  petrified  stems  also  of  the  birch  occur  in  a  state  much 
resembling  agatieed  wood.^ 

By  analysis  of  the  water,  Mr.  Faraday  has  ascertained  that  the  solu- 
tion of  the  silex  is  promoted  by  the  presence  of  the  alkali,  soda.  He 
suggests  that  the  deposition  of  silica  in  an  insoluble  state  takes  place 
partly  because  the  water  when  cooled  by  exposure  to  the  air  is  unable 

•  Travels  acroM  Uie  Andes,  p.  240.  f  Annalen  der  Chem.  1847. 

IDaubenT  on  Volcanoes,  p.  222. 
Dr.  Wetwter  on  the  Hot  Springs  of  Pumas,  Ed.  Phil.  Joum.  vol  vi  p.  801 
See  a  cut  of  the  Icelandic  gejser,  chap.  82. 
It  Robert^  Bulletin  de  la  Soc  G^ol.  de  France,  torn,  yil  p.  11. 
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to  retain  as  mucli  silica  as  when  it  issues  from  the  earth  at  a  tempera- 
ture of  180^  or  190^  Fahr. ;  and  partly  because  the  evaporation  of  the 
water  decomposes  the  compound  of  silica  and  soda  which  previously 
existed.  This  last  change  is  probably  hastened  by  the  carbonic  acid 
of  the  atmosphere  unidng  with  the  soda.  The  alkali,  when  disunited 
from  the  silica,  would  readily  be  dissolved  in  and  removed  by  running 
water.* 

Mineral  waters,  even  when  charged  with  a  smad  proportbn  of  silica, 
as  those  of  Ischia,  may  supply  certam  species  of  corals,  sponges,  and  in- 
fusoria, with  matter  for  their  siliceous  secretions ;  but  there  is  little  doubt 
that  rivers  obtain  silez  in  solution  from  another  and  far  more  general 
source,  namely,  the  decomposition  of  felspar.  When  this  mineral, 
which  is  so  abundant  an  ingredient  in  the  hypogene  and  trappean  rocks, 
has  disintegrated,  it  is  found  that  the  residue,  called  porcelain  clay,  con- 
tains a  small  proportion  only  of  the  silica  which  eidsted  u^the  original 
felspar,  the  other  part  having  been  dissolved  and  removed  by  water.f 

ferruginous  springs. — The  waters  of  almost  all  springs  contain  some 
iron  in  s^ution ;  and  it  is  a  fact  familiar  to  all,  that  many  of  them  are 
80  copiously  impregnated  with  this  metal,  as  to  stain  the  rocks  or  herb- 
age through  which  they  pass,  and  to  bind  together  sand  and  gravel  into 
solid  masses.  We  may  naturally,  then,  conclude  that  this  iron,  which 
18  constantly  conveyed  from  the  interior  of  the  earth  into  lakes  and  seas, 
dmd  which  does  not  escape  again  from  them  mto  the  atmosphere  by 
evaporation,  must  act  as  a  coloring  and  cementing  principle  in  the  sub- 
aqueous deposits  now  in  progress.  Geologists  are  aware  that  many 
ancient  sandstones  and  conglomerates  are  bound  together  or  colored 
by  iron.  • 

Brine  springs, — So  great  is  the  quantity  of  muriate  of  soda  in  some 
springs,  that  they  yield  one-fourth  of  their  weight,  in  salt.  They  are 
rarely,  however,  so  saturated,  and  generally  contain,  intermixed  with 
salt,  carbonate  and  sulphate  of  lime,  magnesia,  and  other  mineral  ingre- 
dients. The  brine  springs  of  Cheshire  are  the  richest  in  our  country ; 
those  of  Northwich  being  almost  saturated.  Those  of  Barton  also,  in 
Lancashire,  and  JDroitwich  in  Worcestershire,  are  extremely  rich.^  They 
are  known  to  have  flowed  for  more  than  1000  years,  and  the  quantity 
of  salt  which  they  have  carried  into  the  Severn  and  Mersey  must  be 
enormous.  These  brine  springs  rise  up  through  strata  of  sandstone  and 
red  marl,  which  contain  large'  beds  of  rock  salt.  The  origin  of  the  brine, 
therefore,  may  be  derived  in  this  and  many  other  instances  from  beds  of 
fossil  salt;  but  as  muriate  of  soda  is  one  of  the  products  of  volcanic 
emanations  and  of  springs  in  volcanic  regions,  the  original  source  of  salt 
may  be  as  deep  seated  as  that  of  lava. 

Many  springs  m  Sicily  contain  muriate  of  soda,  and  the  **  fiume  salso,'* 

*  Barrow's  Iceland,  p.  209. 

4  See  LyelFs  Manual  of  Elemintary  Oeology ;  and  Dr.  Tnmer,  Jam.  Ed.  New 
Wa  Jonm.  Ka  xzz.  p.  246. 
X  L.  Homer,  Oeol  Trans.  voL  h  p.  94. 
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hi  particular,  is  impregnated  with  so  lai^ge  a  quantity,  that  cattle  refuse 
to  drink  of  it.  A  hot  spring,  rising  through  granite,  at  Saint  Neeture, 
in  Auvergne,  may  be  mentioned  as  one  of  many,  containing  a  latge  pro* 
portion  of  muriate  of  soda,  together  with  magnesia  and  other  ingre- 
dients.* 

Carbonated  springs. — Auvergns, — Carbonic  acid  gas  is  veiy  plentifully 
disengaged  from  springs  in  almost  all  countries,  but  particularly  near 
active  or  extinct  volcanoes.  This  elastic  fluid  has  the  property  of  decom- 
posing many  of  the  hardest  rock^  with  which  it  comes  in  contact,  partic- 
ularly that  numerous  class  in  whose  composition  felspar  is  an  ingredient 
It  renders  the  oxide  of  iron  soluble  in  water,  and  contributes,  as  was 
before  stated,  to  the  solution  of  calcareous  matter.  In  volcanic  districts 
these  gaseous  emanations  are  not  confined  to  springs,  b\xt  rise  up  in  the 
state  of  pure  gas  from  the  soil  in  various  places.  The  Grotto  del  Cane, 
near  Naples^  affords  an  example,  and  prodigious  quantities  are  now 
annually  disengaged  from  eveiy  part  of  the  Limagne  d'Auvei^ne,  where 
it  appears  to  have  been  developed  in  equal  quantity  from  time  imme- 
morial. As  the  acid  is  invisible,  it  is  not  observed,  except  an  excavation 
be  made,  wherein  it  immediately  accumulates,  so  that  it  will  extinguish 
a  candle.  There  are  some  springs  in  this  dbtrict,  where  the  water  is 
seen  bubbling  and  boiling  up  with  much  noise,  in  consequence  of  the 
abundant  disengagement  of  this  gas.  In  the  environs  of  Pont-GKbaud, 
not  far  from  Clermont,  a  rock  belonging  to  the  gneiss  formation,  in  which 
lead-mines  are  worked,  has  been  found  to  be  quite  saturated  with  car- 
bonic acid  gas,  which  is  constantly  disengaged.  The  carbonates  of  iron, 
lime,  and  manganese  are  so  dissolved,  that  the  rock  is  rendered  soft,  and 
the  quartz  alone  remains  unattacked.f  Not  far  off  is  the  small  volcanic 
cone  of  Chaluzet,  which  once  broke  up  through  the  gneiss,  and  s^t 
forth  a  lava  stream. 

Supposed  atmosphere  of  carbonic  add, — ^Prof.  Bischoff  in  his  history 
of  Yolcanoes,|  has  shown  what  enormous  quantities  of  carbonic  acid  gas 
are  exhaled  in  the  vicinity  of  the  extinct  craters  of  the  Rhine  (in  the 
neighborhood  of  the  Laacher-see,  for  example,  and  the  Eifel),  and  also 
in  the  mineral  springs  of  Nassau  and  other  countries,  where  there  are  no 
immediate  traces  of  volcanic  action.  It  would  be  easy  to  calculate  m 
how  short  a  period  the  solid  carbon,  thus  emitted  from  the  interior  of  the 
earth  in  an  invisible  form,  would  amount  to  a  quantity  as  great  as  could 
be  obtained  from  the  trees  of  a  large  forest,  and  how  many  thousand 
years  would  be  required  to  supply  the  materials  of  a  dense  seam  of  pure 
coal  from  the  same  source.  Geologists  who  favor  the  doctrine  of  the 
former  existence  of  an  atmosphere  highly  charged  with  carbonic  acid,  at 
the  period  of  the  ancient  coal-plants,  have  not  sufficientiy  reflected  on 
the  continual  disengagement  of  carbon,  which  is  taking  place  in  a  gase- 
ous form  from  springs,  as  also  in  a  free  state  from  the  ground  and  from 

*  Ann.  de  FAuvergne,  tome  L  p  284. 

{Add.  Scieot.  de  rAuyergoe,  tome  il    Juoe,  1820. 
Edinb.  New  PhiL  Jouni.    Oct  1889. 


ClXVI]  ATliOBPHBBB  OV  CABBOmO  ACID.  249 

voloanic  cmten  into  the  air.  We  koow  tiial  all  planta  are  noW  engaged 
in  seeveting  carbon,  and  many  thousands  of  large  trees  are  aannaUy 
floated  down  hj  great  riverB,  and  buried  in  their  alluTial  deposits ;  bat 
befcHre  we  can  assume  that  the  quantity  of  carbon  which  becomes  per- 
manently locked  up  in  the  earth  by  such  agency  will  bring  about  an 
essential  change  in  the  chemical  ccnnpesitbn  of  the  atmosphere,  we  must 
be  sure  that  the  trees  annually  buried  contain  more  carbon  than  is  given 
oat  from  the  interior  of  the  earth  in  the  same  lapse  of  time.  Every  large 
area  covered  by  a  dense  mass  of  peat,  bears  ample  testimony  to  the  iact^ 
that  several  miili<»  tons  of  carbon  have  been  taken  from  the  air,  by  the 
powers  of  v^etable  life,  and  stored  up  in  the  earth's  crust,  a  laiige 
quantity  of  oiygen  having  been  at  the  same  time  set  free ;  but  we  can- 
not mfer  from  these  circumstances,  that  the  constitution  #f  the  atmos- 
phere has  been  materially  deranged,  until  we  have  data  for  estimating 
the  rate  at  which  dead  admal  and  vegetable  substances  are  daily  putre- 
fying,—oi^^anic  remains  and  various  calcareous  rocks  decomposing,  and 
volcanic  regions  emitting  fresh  vdumes  of  carbonic  acid  gas.  That  the 
ancient  carboniferous  period  was  one  of  vast  duration  all  geologists  are 
agreed ;  instead,  therefore,  of  supposing  an  excess  of  cari>onic  acid  in 
the  air  at  that  epoch,  for  the  support  of  a  peculiar  flora,  we  may  imagine 
Time  to  have  multiplied  the  quantity  of  carbon  given  out  annually  by 
mineral  springs,  volcanic  craters,  and  other  sounces,  until  the  component 
elements  of  any  given  number  of  coal-seams  had  been  evolved  from  be- 
low, without  any  variation  taking  place  in  the  constitutbn  of  the  atmos- 
phere. It  has  been  too  common,  in  reasoning  on  this  question,  to  com- 
pute the  loss  of  carbon  by  the  volume  of  coal  stored  up  in  the  ancient 
strata,  and  to  take  nojiccount  of  the  annual  gain,  by  the  restoration  of 
carbonic  acid  to  the  atmosphere,  through  the  noachinery  above  alluded  to.* 

Disintegrating  effects  of  carbonic  add, — The  disintegration  of  granite 
is  a  striking  feature  of  large  districts  in  Auvergne,  especially  in  the 
neighborhood  of  Clermont.  This  decay  was  called  by  Dolomieu,  "  la 
nudadie  du  granite ;"  and  the  rock  may  with  propriety  be  said  to  have 
(he  rot,  for  it  crumbles  to  pieces  in  the  hand.  The  phenomenon  may, 
without  doubti  be  ascribed  to  the  continual  disengagement  of  carbonic 
acid  gas  from  numerous  fissures. 

In  the  plains  of  the  Po,  between  Verona  and  Panna,  especially  at 
Villa  Franca,  south  of  Mantua,  I  observed  great  beds  of  alluvium,  con- 
sisting chiefly  of  primary  pebbles,  percolated  by  spring- water,  charged 
with  carbonate  of  lime  and  carbonic  acid  in  great  abundance.  They  are 
for  the  most  part  incrusted  with  calc-sinter ;  and  the  rounded  blocks  of 
gneiss,  which  have  all  the  outward  appearance  of  solidity,  have  been  so 
disintegrated  by  the  carbonic  acid  ns  readily  to  fall  to  pieces. 

The  subtraction  of  many  of  the  elements  of  rocks  by  the  solvent  power 
of  carbonic  acid,  ascending  both  in  a  gaseous  state  and  mixed  with 
spring- water  in  the  crevices  of  rocks,  must  be  one  of  the  most  powerful 

•  Soo  LyelVa  Travels  in  N.  America,  yqL  i  p  160. 
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sources  of  those  mtenuil  obanges  and  rearrangemeiifts  of  particles  so 
often  obsenred  in  strata  of  every  age.  The  calcareous  matter,  for  ex-- 
ample,  of  shells,  is  often  entirely  removed  and  replaced  by  carbonate  of 
iron,  pyrites,  silex,  or  some  other  ingredient*  such  as  mineral  waters 
usually  contain  in  solution.  It  rarely  happens*  except  in  limestone 
rooks,  that  the  carbonic  add  can  dissolve  all  the  constituent  parts  of  the 
mass ;  and  for  this  reason,  probably,  calcareous  rocks  are  almost  the 
only  ones  m  which  great  caverns  and  long  winding  passages  are  found. 

Petroleum  «pnfi^9.— Springs  of  which  the  watera  contain  a  mixture 
of  petroleum  and  Uie  various  mmerals  allied  to  it*  as  bitumen,  naphtha* 
asphaltum,  and  pitch,  are  very  numerous,  and  are*  in  many  cases,  un- 
doubtedly connected  with  subterranean  fires,  which  raise  or  sublime  the 
more  subtleiparts  of  the  bituminous  matters  contiuned  in  rocks.  Many 
springs  in  the  territory  of  Modena  and  Parma,  in  Italy,  produce  petro- 
leum in  abundance ;  but  the  most  powerful,  perhaps,  yet  known,  are 
those  on  the  Irawadi,  in  the  Burman  empire.  In  one  locality  there  are 
said  to  be  520  wells,  which  yield  annually  400,000  hogsheads  of  petro- 
leum.* 

Pitch  lake  of  Trinidad. — ^Fluid  bitumen  is  seen  to  ooze  from  the 
bottom  of  the  sea,  on  both  sides  of  the  island  of  Trinidad,  and  to  rise 
up  to  the  surface  of  the  water.  Near  Cape  La  Braye  there  is  a  vortex 
which,  m  stormy  weather,  according  to  Captain  Mallet*  gushes  out, 
raising  the  water  five  or  six  feet,  and  covers  the  surface  for  a  considera- 
ble space  with  petroleum,  or  tar ;  and  the  same  author  quotes  Gumilla, 
as  stating,  in  his  ''Description  of  the  Orinoco,"  that  about  seventy  years 
ago,  a  spot  of  land  on  the  western  coast  of  Trinidad,  near  half-way  be- 
tween the  capital  and  an  Indian  village*  sank  suddenly*  and  was  imme- 
diately replaced  by  a  small  hike  of  pitch,  to  the  great  terror  of  the 
inhabitants.f 

It  is  probable  that  the  great  pitch  lake  of  Trinidad  owte  its  origin  to 
a  similar  cause ;  and  Dr.  Nugent  has  justly  remarked,  that  in  that  dis* 
trict  all  the  circumstances  are  now  combmed  from  which  deposits  ot 
pitch  may  have  ori^nated.  The  Orinoco  has  for  ages  been  rolling 
down  great  quantities  ci  woody  and  vegetable  bodies  mto  the  surround- 
ing sea,  where,  by  the  influence  of  currents  and  eddies,  they  may  be 
arrested  and  accumulated  in  particular  places.  The  frequent  occurrence 
of  earthquakes  and  other  indications  of  volcanic  action  in  those  parts 
lend  countenance  to  the  opinion,  that  these  vegetable  substances  may 
have  undergone,  by  the  agency  of  subterranean  fire*  those  transforma* 
tions  and  chemical  changes  which  produce  petroleum ;  and  this  may, 
by  the  same  causes*  be  forced  up  to  the  surface*  where*  by  exposure  tc 
the  air*  it  becomes  insiHssated,  and  forms  the  different  varieties  of  pur« 
and  earthy  pitch*  or  asphaltum*  so  abundant  in  the  island.^ 

*  Byrnes,  Kmbflwy  to  Ava,  vol  IL  QeoL  Trans,  seeood  series,  voL  il  part  ill  p 
•88. 

{Dr.  Nugent,  Geol.  Trans,  vol  i.  n.  69. 
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It  may  be  stated  ^generoHj^  that  a  lai^  portion  of  the  finer  particles 
and  the  more  crystaliine  substances,  found  in  sedimentary  rocks  of  dif- 
ferent agesy  are  composed  of  the  same  elements  as  are  now  held  in  so- 
lution by  springs,  while  the  coarser  materials  bear  an  equally  strong 
resemblimce  to  the  pebbles  and  sedimentary  matter  carried  down  by 
torrents  and  rivers.  It  should  also  be  remembered,  that  it  is  not  only 
during  inundations,  when  the  muddy  sediment  is  apparent,  that  rivers 
are  busy  in  conveying  solid  matter  to  the  sea,  but  that  even  when  their 
waters  are  perfectly  transparent,  they  are  annually  bearing  along  vast 
masses  ol  carbon,  lime,  and  silica  to  the  ocean. 


CHAPTER  XVIL 

BXPBODCrOTlVK  BTFB0T8   OF  BIVJEBS. 


Iiake  deltaflF— Growth  of  the  delta  of  the  Fpper  Rhine  in  the  Lake  of  Geneva— 
Compatation  of  the  age  of  deltas — Recent  deposits  in  Lake  Superior— -Deltas 
of  inUuid  seas — Course  of  the  Po— Artificial  embankments  of  the  Po  and  Adige 
— Delta  of  the  Po,  and  other  rivers  entering  the  Adriatio— Rapid  conversion  of 
that  golf  into  land — ^liineral  characters  of  the  new  deposits*- Marine  delta  of 
the  Rhone^^Varioos  prools  of  its  increcje— Stony  nature  of  its  doposita— Ooast 
of  Aaia  Minor— Delta  of  the  NUe. 

DELTAS   IN   ZJLKB8. 

I  HAYB  already  spoken  in  the  14th  chapter  of  the  action  of  running 
water,  and  of  the  denudmg  power  of  rivers,  but  we  can  only  form  a 
just  conception  of  the  excavating  and  removing  force  exerted  by  such 
bodies  of  water,  when  we  have  the  advantage  of  exanuning  the  repro- 
ductive effects  of  the  same  agents :  in  other  words,  of  beholding  in  a 
palpable  form  the  aggregate  amount  of  matter,  which  they  have  thrown 
down  at  certain  points  in  their  alluvial  plains,  or  in  the  basins  of  lakes 
and  seas.  Yet  it  will  appear,  when  we  consider  the  action  of  currents, 
ihat  the  growth  of  deltas  affords  a  very  inadequate  standard  by  which 
to  measure  the  entire  carrying  power  of  running  water,  since  a  consid- 
erable portion  of  fluviatile  sediment  is  swept  far  out  to  sea. 

Deltas  may  be  divided  into,  first,  those  which  are  formed  m  lakes ; 
secondly,  those  in  island  seas,  where  the  tides  are  almost  impercepti- 
ble ;  and,  thirdly,  those  on  the  borders  of  the  ocean.  The  most  charac- 
teristic distinction  between  the  lacustrine  and  marine  deltas  consists  in 
the  nature  of  the  organic  remains  which  become  imbedded  in  their 
deposits;  for,  in  the  case  of  a  lake,  it  is  obvious  that  these  must 
consist  exclusively  of  such  genera  of  animals  as  inhabit  the  land  or 
the  waters  of  a  river  or  a  lake ;  wh  ^reas,  in  the  other  case,  there  will 
be  an  admixture,  and  most  frequently  a  predominance,  of  animals  which 
inhabit  salt  water.    In  regard,  however,  to  the  distribution  of  inorganic 
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matter,  the  depositB  of  lakes  and  seas  aie  framed  wider  Tery  analogous 
eiroumstaooes. 

Lake  of  OeneviLr-^laises  exemjfMj  the  first  reprodaotive  operatioiis 
in  vhicli  rivers  are  eagaged  irken  they  oonvey  the  detritus  of  rooks 
and  the  ingredients  of  mineral  springs  from  mountainous  r^^ions. .  The 
aeoession  of  new  land  at  the  mouth  ci  the  Rhone,  at  the  upper  end  of 
the  Lake  of  Geneva,  or  the  Leman  Lake,  presents  us  with  an  example 
of  a  oonsiderable  thickness  of  strata  which  ihave  acenmnlated  sinoe  the 
historical  era.  This  sheet  of  water  is  about  thiitj-seven  miles  long,  and 
its  breadth  is  from  two  to  eight  miles.  The  shape  of  the  bottom  is 
▼eiy  irregular,  the  depth  having  been  found  by  late  measurements  to 
vary  from  20  to  160  fathoms.*  The  Rhone,  where  it  enters  at  the  upper 
end,  is  turbid  and  discolored ;  but  its  waters,  where  it  issues  at  the 
town  of  Geneva,  are  beautifully  clear  and  transparent.  An  ancient 
town,  called  Port  Yallais  (Portus  Yalesim  of  the  Romans),  once  situated 
at  the  water's  edge,  at  the  upper  end,  is  now  more  than  a  mile  and  a 
half  inland — this  intervening  aUuvial  iiaot  having  been  acquired  in 
about  eight  centuries.  The  remainder  of  the  delta  consists  of  a  flat 
alluvial  plain,  about  five  or  six  miles  in  length,  composed  of  sand  and 
mud,  a  little  raised  above  the  level  of  the  river,  and  full  of  marshes. 

Sir  Henry  De  la  Beche  found,  after  numerous  soundings  in  all  paita 
of  the  lake,  that  th«»  was  a  pretty  uniform  depth  of  from  120  to  160 
fitthoms  throughout  the  central  region,  and  on  approaching  the  delta, 
the  shallowing  of  the  bottom  began  to  be  very  sensible  at  a  distance 
of  about  a  mile  and  three  quarters  from  the  mouth  of  the  Rhone ; 
for  a  line  drawn  from  St.  Gingoulph  to  Yevey  gives  a  mean  depth 
of  somewhat  less  than  600  feet,  and  from  that  part  of  the  Rhone, 
the  fluviatile  mud  is  always  found  along  the  bottom.f  We  may  state, 
therefore,  that  the  new  strata  annually  produced  are  thrown  down 
upon  a  slope  about  two  miles  in  length ;  so  that,  notwithstanding  the 
great  depth  of  the  lake,  the  new  deposits  are  inclined  at  so  slight  an 
angle,  that  the  dip  of  the  beds  would  be  termed,  m  ordinary  geological 
kmguage,  horiaootal. 

The  strata  probably  consist  of  alternations  of  finer  and  coarser  par- 
ticles ;  for,  during  the  hotter  months  from  April  to  Ai:^ust,  when  the 
snows  melt,  the  volume  and  velocity  of  the  river  axe  greatest,  and  lai^ 
quantities  of  sand,  mud,  vegetable  matter,  and  drift*wood  are  intro* 
duced ;  but  during  the  rest  of  the  year,  the  influx  is  comparatively 
feeble,  so  much  so,  that  the  whole  lake,  according  to  Saussnre,  stands 
six  feet  lowen  If,  then,  we  could  obtain  a  section  of  the  accumulation 
formed  in  the  last  eight  centuries,  we  should  see  a  great  series  of 
strata,  probably  from  600  to  900  feet  thick  (the  supposed  original 
depth  of  the  head  of  the  lake),  and  nearly  two  miles  m  length,  in- 
clined at  a  very  slight  angle.    In  the  mean  time,  a  great  number  ol 

•  De  la  Beche,  Ed.  PhiL  Joum.  voL  il  p.  107.    Jan.  1820. 
t  l>e  la  Beobe,  MS. 
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BmaUer  deltas  are  growing  aroimd  the  borders  of  the  lake,  at  the 
moaths  of  rapid  tcnrents,  which  poor  m  large  masses  of  sand  and  peb- 
bles. The  bod  J  of  water  in  these  torrents  is  too  smaU  to  enable  them 
to  spread  out  the  transported  matter  over  so  eztensiye  an  area  as  the 
Rhone  does.  Thns,  for  example^  there  is  a  depth  <^  eighty  fathoms 
within  half  a  mile  of  the  shore,  immediately  opposite  ihe  great  torrent 
which  enters  east  of  Bipaille,  so  that  the  dip  of  the  strata  in  that  minor 
delta  mnst  be  about  fou*  times  as  great  as  those  deposited  by  the  main 
fiver  at  the  upper  extremity  of  the  lake.* 

Ohronolopieal  comptUatUmB  of  ihe  uge  of  ddtas. — ^The  capacity  of  this 
basin  being  now  asoertamed,  it  would  be  an  interestii^  subject  of  in<- 
quiry,  to  determine  in  what  number  of  years  the  Leman  Lake  will  be 
eoDTerted  into  dry  land.  It  would  not  be  very  difficult  to  obtain  the 
elements  for  soch  a  calculation,  so  as  to  approximate  at  least  to  the 
quantity  of  time  required  for  the  accomplishment  of  the  result  The 
number  of  cubic  feet  of  water  annually  discharged  by  the  river  into  the 
lake  bemg  eatunated,  experiments  might  be  made  in  the  winter  and 
summer  months,  to  determine  the  proportion  of  matter  hdd  in  sua* 
pension  or  in  chemical  solution  by  the  Rhone.  It  would  be  also  neces- 
sary to  allow  for  the  heavier  matter  drifted  along  at  the  bottom,  which 
might  be  estimated  on  hydrostatical  principles,  when  the  average  size  of 
the  gravel  and  the  volume  and  velocity  of  the  stream  at  different  seasons 
were  known.  Supposing  all  these  observations  to  have  been  made,  it 
would  be  more  easy  to  calculate  the  future  than  the  former  progress  of 
the  delta,  because  it  would  be  a  laborious  task  to  ascertain,  with  any 
degree  of  precision,  the  original  depth  and  extent  of  that  part  of  the 
lake  which  is  already  filled  up.  Even  if  this  information  were  aetoally 
obtained  by  borings,  it  would  only  enable  us  to  approximate  within  a 
certain  number  of  centuries  to  the  time  when  the  Rhone  began  to  form 
its  present  delta ;  but  this  would  not  ^ve  us  the  date  of  the  origin  of 
the  Leman  Lake  in  its  present  form,  because  the  river  may  have  flowed 
mto  it  for  thousands  of  years,  without  importmg  any  sediment  whatever. 
Such  would  have  been  the  case,  if  the  waters  had  first  passed  through  a 
chain  of  upper  lakes ;  and  that  this  was  actually  the  fact,  seems  indicated 
by  the  course  of  the  Rhone  between  Martigny  and  the  Lake  of  Geneva, 
and,  still  more  decidedly,  by  the  channels  of  many  of  its  principal  feeders. 

If  we  ascendr  for  example,  the  valley  through  which  the  Dranse  flows, 
we  find  that  it  consists  of  a  succession  of  bamns,  one  above  the  other,  in 
each  of  which  there  is  a  wide  expanse  of  flat  aUuvial  lands,  separated 
from  the  next  basin  by  a  rocky  gorge,  once  perhaps  the  barrier  of  a  lake. 
The  river  seems  to-  have  filled  these  lakes,  one  after  the  other,  and  to 
have  partially  cut  through  the  barriers,  some  of  which  it  is  still  gradu- 
ally eroding  to  a  greater  depth.  Before,  therefore,  we  can  pretaid  even 
to  hazard  a  conjecture  as  to  the  era  at  which  the  principal  delta  of  Lake 
Leman  or  any  other  delta  commenced,  we  must  be  thoroughly  acquaints 

•  DeUiBeche,MS. 
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ed  with  the  geographical  features  and  geological  histoiy  of  the  whole 
system  of  higher  valleys  which  eommanicaie  with  the  mam  stream,  ami 
idl  the  changes  which  they  hare  widergone  since  the  last  series  of  con* 
▼ulsioDS  which  agitated  and  altered  the  face  of  the  country. 

Lake  Superior. — ^Lake  Superior  is  the  laigest  hody  of  freshwater  in 
the  world,  heing  above  1700  geographical  miles  in  circumference  whra 
we  follow  the  sinnosities  of  its  coasts,  and  its  length,  on  a  curved  line 
drawn  through  its  centre,  being  more  than  400,  and  its  extreme  breadth 
above  150  geographical  miles.  Its  surface  is  nearly  as  large  as  the 
whole  of  England.  Its  average  depth  varies  from  80  to  150  fathoms ; 
but,  according  to  Captain  Bayfield,  there  is  reason  to  think  that  its 
greatest  depth  would  not  be  overrated  at  200  fathoms,  so  that  its  bottom 
is,  in  some  parts,  nearly  600  feet  below  the  level  of  the  Atlantic,  its  sur- 
face being  about  as  much  above  it  There  are  appearances  in  difieivQt 
parts  of  this,  as  of  the  other  Canadian  lakes,  leading  us  to  infer  that  its 
wa:<trB  formerly  occupied  a  higher  level  than  they  reach  at  present ;  for 
at  a  considerable  dbtance  from  the  present  shores,  parallel  lines  of  rolled 
stones  and  shells  are  seen  rising  one  above  the  other,  like  the  seats  of 
an  amphitheatre.  These  ancient  Unes  of  shingle  are  exactly  similar  to 
the  present  beaches  m  most'  bays,  and  they  often  attun  an  elevation  of 
40  or  60  feet  above  the  present  level.  As  the  heaviest  gales  of  wind 
do  not  raise  the  waters  more  than  three  or  four  feet,  the  elevated  beaches 
have  by  some  been  referred  to  the  subsidence  of  the  lake  at  former  pe- 
riods, in  consequence  of  the  wearing  down  of  its  barrier ;  by  others  to 
the  upraidng  of  the  shores  by  earthquakes,  like  those  which  have  pro- 
duced similar  phenomena  on  the  coast  of  Chill 

The  streams  which  discharge  their  waters  into  Lake  Superior  are  sev- 
eral hundred  in  number,  without  reckoning  those  of  snudler  sise ;  and 
the  quantity  of  water  supplied  by  them  is  many  times  greater  than  that 
dlschai^  at  the  Falls  of  St.  Mary,  the  only  outlet.  The  evaporation, 
therefore,  is  very  great,  and  such  as  might  be  expected  from  so  vast  an 
extent  of  surfiace.  On  the  northern  side,  which  is  encircled  by  primary 
mountains,  the  rivers  sweep  in  many  large  boulders  with,  smaller  gravel 
and  sand,  chiefly  composed  of  granitic  and  trap  rocks.  There  are  also 
currents  in  the  lake  in  various  directbns,  caused  by  the  continued  preva- 
lence of  strong  winds,  and  to  their  influence  we  may  attribute  the  dif- 
fusion of  finer  mud  far  and  wide  over  great  areas ;  for  by  numerous 
soundings  made  during  Captain  Bayfield's  survey,  it  was  ascertained 
that  the  bottom  consists  generally  of  a  very  adhesive  clay,  eontainiag 
shells  of  the  species  at  present  exbting  in  the  lake.  When  exposed  to 
the  air,  this  clay  immediately  becomes  indurated  in  so  great  a  degree,  as 
to  require  a  smart  blow  to  break  it.  It  effervesces  slightly  with  diluted 
nitric  acid,  and  is  of  different  colon  in  different  parts  of  the  lake ;  in  one 
district  blue,  in  another  red,  and  in  a  third  white,  hardening  into  a  sub- 
stance resembling  pipeclay.*    From  these  statements,  the  geologist  wiS 

•  TraDB.ofIdtaodHi«t  Soe.arQaebee,volLp6,  188S« 
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not  fail  to  remark  how  doeely  these  recent  laonstrine  fonnatkNua  m 
America  resemble  the  tertiary  argillaceous  and  calcareous  marls  of  la- 
eustrioe  origin  in  Central  France.  In  both  cases  many  of  the  genera  of 
shells  most  abundant^  as  Limnea  and  Planorbis,  are  the  same ;  and  In 
regard  to  other  classes  of  organic  remains  there  must  be  the  closest 
analogy,  as  I  shall  endeavor  more  fully  to  explain  when  speaking  of  tiie 
imbedding  of  plants  and  animals  in  recent  deposits. 

BSLTAS   OF  INLAND  6SA8. 

Having  thus  briefly  considered  some  of  the  lacustrine  deltas  now  in 
progress,  we  may  next  turn  our  attention  to  those  of  inland  seas. 

Coune  of  the  Po, — ^The  Po  affords  an  instructiye  example  of  the 
manner  in  which  a  great  river  bears  down  to  the  sea  the  matter  poured 
into  it  by  a  multitude  of  tributaries  descending  from  lofty  chains  of 
mountains.  The  changes  gradually  effected  in  the  great  plain  of  North- 
era  Italy,  usee  the  time  of  the  Roman  republic,  are  considerable.  Ex- 
tensive lakes  and  marshes  have  been  gradually  filled  up,  as  those  near 
Placentia,  Parma,  and  Cremona,  and  many  have  been  drained  naturally 
by  the  deepening  of  the  beds  of  rivers.  Deserted  river-courses  are  not 
nnfrequent,  as  that  of  the  Serio  Morto,  which  formerly  fell  into  the 
Adda,  in  Lombardy.  The  Po  also  itself  has  often  deviated  from  its 
course,  having  after  the  year  1890  deserted  part  of  the  territory  of 
Cremona,  and  invaded  that  of  Parma ;  its  old  channel  being  still  recog- 
nizable, and  bearing  the  name  of  Po  Morto.  There  is  also  an  old  chan- 
nel of  the  Po  in  the  territory  of  Parma,  called  Po  Yecchio,  which  was 
abandoned  in  the  twelfth  century,  when  a  great  number  of  towns  were 
destroyed. 

Artificial  embankments  of  Italian  titers. — ^To  check  these  and  similar 
aberrations,  a  general  system  of  embankment  has  been  adopted ;  and 
the  Po,  Adige,  and  almost  all  thdr  tributaries,  are  now  confin^  between 
high  artificial  banks.  The  increased  velocity  acquired  by  streamy  thus 
closed  in,  enables  them  to  convey  a  much  larger  portion  of  foreign  mat- 
ter to  the  sea ;  and,  consequently,  the  deltas  of  the  Po  and  Adige  have 
gained  far  more  rapidly  on  the  Adriatic  since  the  practice  of  embank- 
ment became  almost  universal.  But,  although  more  sediment  is  borne 
to  the  sea,  part  of  the  sand  and  mud,  which  in  the  natural  state  of 
things  would  be  spread  out  by  annual  inundations  over  the  plain,  now 
subsides  in  the  bottom  of  the  river-channels ;  and  their  capacity  being 
thereby  diminished,  it  is  necessary,  in  order  to  prevent  inundations  in 
the  following  spring,  to  extract  matter  from  the  bed,  and  to  add  it  to 
the  banks  of  the  river.  Hence  it  happens  that  these  streams  now  tra- 
verse the  plain  on  the  top  of  high  mounds,  like  the  waters  of  aqueducts, 
and  at  Ferrara  the  surface  of  the  Po  has  become  more  elevated  than 
the  roofs  of  the  houses.*    The  magnitude  of  these  barriers  is  a  subject 

*  Proay,  lee  Oavier,  Disc.  Prelim,  p.  146. 
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of  increasmg  ezpeme  and  anxiety,  it  haviDg  been  Bomettmes  found  neoes- 
aarj  to  give  an  additional  height  of  neailj  one  foot  to  the  hanks  of  the 
Adige  and  Po  in  a  ungle  seaacm. 

The  practice  of  embankment  was  adopted  on  some  of  the  Italian 
riven  as  early  as  the  thvteenth  century ;  and  Dante,  writing  in  the 
beginning  of  the  fooiteenth,  describes,  in  the  seventh  drcle  of  hell,  a 
rivulet  of  tears  separated  from  a  burning  sandy  desert  by  embankments 
"  like  those  which,  between  Ghent  and  Bruges,  were  raised  against  the 
ocean,  or  those  which  the  Paduans  had  erected  along  the  Brenta^  to 
defend  their  villas  on  the  melting  of  the  Alpine  snows/' 

QoaU)  i  FiammiDgfai  tra  Qazzaote  e  Bmggiai 
Temendo  il  fiotto  cfae  in  ver  lor  s'avy'eotai 
Fanno  lo  schermo,  perch^  il  mar  si  fuggia, 
E  quale  i  Padovan  Inogo  la  Brenta, 
Per  diliBnder  lor  ville  e  lor  castelli^ 
AdsI  che  Obiarentaiia  11  ealdo  santa^— 

In/ema,  Cbnto  zv. 

In  the  Adriatic,  from  the  northern  part  of  the  Gulf  of  Trieste,  where 
the  Isonzo  enters,  down  to  the  south  of  Ravenna,  there  is  an  uninter- 
rupted series  of  recent  accessions  of  land,  more  than  100  miles  in  length, 
which,  within  the  last  2000  years,  have  increased  from  itoo  to  twenty 
miles  in  breadth,  A  line  of  sand-bars  of  great  length  has  been  formed 
nearly  all  along  the  western  coast  of  this  gulf,  inside  of  which  are 
lagunes,  such  as  those  of  Venice,  and  the  large  lagune  of  Comacchio, 
20  miles  in  diameter.  Newly  deposited  mud  brought  down  by  the 
streams  is  continually  lessening  the  depth  of  the  lagunes,  and  converting 
part  of  them  into  meadows.*  The  Isonzo,  Tagliamento,  Piave,  Brenta^ 
Adige,  and  Po,  besides  many  other  inferior  rivers,  contribute  to  this 
advance  of  the  coast-line  and  to  the  shallowing  of  the  lagunes  and  tho 
gulf. 

Delta  of  the  Po, — ^The  Po  and  the  Adige  may  now  be  Considered  as 
entering  by  one  common  delta,  for  two  branches  of  the  Adige  are  con- 
nected with  arms  of  the  Po,  and  thus  the  principal  delta  has  been 
pushed  out  beyond  those  bars  which  separate  the  lagunes  from  the  sea^ 
The  rate  of  the  advance  of  this  new  land  has  been  accelerated,  as  before 
stated,  since  the  system  of  embanking  the  rivers  became  general,  espe- 
cially at  that  point  where  the  Po  and  Adige  enter.  The  waters  are  no 
longer  permitted  to  spread  themselves  far  and  wide  over  the  plains,  and 
to  leave  behind  them  the  larger  portion  of  their  sediment.  Mountain 
torrents  also  have  become  more  turbid  since  the  clearing  away  of  for- 
ests, which  once  clothed  the  southern  flanks  of  the  Alps.  It  is  calcu- 
lated that  the  mean  rate  of  advance  of  the  delta  of  the  Po  on  the 
Adriatic  between  the  years  1200  and  1600  was  25  yards  or  metres  a 
year,  whereas  the  mean  annual  gain  from  1600  to  1804  was  70  meti«8.f 

•  See  Be  Beaumont,  G^logie  Pratique,  vol.  i  p.  828, 1844 
t  Prony,  dted  by  Cavier,  DiflcoarB  mlimln. 
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Adria  was  a  seaj^rt  in  the  time  of  Augustus,  and  had,  in  aneient 
times,  glyea  its  name  to  the  golf;  it  is  now  about  twenty  Italian  miles 
inland.  Ravenna  was  also  a  seaport,  and  is  now  about  four  miles  from 
the  mam  sea.  Yet  even  before  the  practice  of  embankment  was  intro- 
dnoedt  the  alluvium  of  the  Po  advanced  with  rapidity  on  the  Adriatic ; 
for  Spina,  a  very  ancient  city,  originally  built  in  the  district  of  Bavenna, 
at  the  mouth  of  a  great  arm  of  the  Po,  was,  so  early  as  the  commence- 
ment of  our  era,  eleven  miles  distant  from  the  sea.* 

But  although  so  many  rivers  are  rapidly  converting  the  Adriatic  into 
land,  it  appears,  by  the  observations  of  M.  Morlot^  that  since  the  time 
of  the  Bomans,  there  has  been  a  general  subsidence  of  the  coast  and 
bed  of  this  sea  in  the  same  region  to  the  amount  of  five  feet,  so  that 
the  advance  of  the  new-made  land  has  not  been  so  fast  as  it  would  have 
been  had  the  level  of  the  coast  remained  unaltered.  The  signs  of  a 
much  greater  depression  anterior  to  the  hbtorical  period  have  also  been 
brought  to  l%ht  by  an  Artesian  well,  bored  in  1847,  to  the  depth  of 
more  than  400  fee^  which  still  failed  to  penetrate  through  the  modem 
fiuviatile  deposit  The  auger  passed  chiefly  through  beds  of  sand  and 
clay,  but  at  four  several  depths,  one  of  them  very  near  the  bottom  of 
the  excavation,  it  pierced  beds  of  turf,  or  accumulations  of  v^;etable 
matter,  precisely  similar  to  those  now  formed  superficiaUy  on  the  ex« 
treme  borders  of  the  Adriatic.  Hence  we  learn  that  a  considerable 
area  of  what  was  once  land  has  sunk  down  400  feet  in  the  course  of 


The  greatest  depth  of  the  Adriatic,  between  Dalmatia  and  the  mouths 
of  the  Po,  is  twenty-tWo  fathoms ;  but  a  lai^  part  of  the  Gulf  of  Trieste 
and  the  Adriatic,  opposite  Venice,  is  less  than  twelve  fathoms  deep. 
Farther  to  the  south,  where  it  is  less  affected  by  the  inftuz  of  great 
rivers,  the  gulf  deepens  considerably.  Donati,  after  dredging  the  bottom, 
discovered  the  new  deposits  to  consist  partly  of  mud  and  partly  of  rock, 
the  rock  being  formed  of  calcareous  matter,  incrusting  shells.  He  also 
ascertained,  that  particular  species  of  testacea  were  grouped  togeth^  in 
catain  places,  and  were  becoming  slowly  incorporated  with  the  mud  or 
calcareous  precipitates.|  Olivi,  also,  found  some  deposits  of  sand,  and 
others  of  mud,  extending  half  way.  across  the  gulf ;  and  he  states  that 
their  distribution  along  the  bottom  was  evidently  determined  by  the 
prevailing  current.§  It  is  probable,  therefore,  that  the  finer  sediment 
of  all  the  rivers  at  the  head  of  the  Adriatic  may  be.  intermingled  by  the 
mfluence  of  the  current ;  and  all  the  central  parts  of  the  gulf  may  be 
considered  as  slowly  filling  up  with  horizontal  deposits,  similar  to  those 
of  the  Subapennine  hills,  and  c<Hitaining  many  of  the  same  species  of 
shells.  The  Po  merely  introduces  at  present  fine  sand  and  mud,  for  it 
carries^  no  pebbles  farther  than  the  spot  where  it  joins  the  Trebia,  west 
o^Piaoensa.     Near  the  northern  borders  of  the  basin,  the  IsomKV 

•  Brocchj,  CoDch.  Foss.  Subap.  vol  i.  p.  118. 

{Archiac,  Histoire  des  Progr^  de  la  Q^oL  1848,  vol  ilp.  282. 
Brocchi,  Conch.  Foas.  Sabap.  veil  I  p.  39.  g  Ibid.  vd.  il  p.  94. 
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Tagliamento,  and  many  other  streams,  are  forming  immense  beds  of 
sand  and  some  conglomerate ;  for  here  some  high  mountains  of  Alpine 
limestone  approach  vithin  a  few  miles  of  the  sea. 

In  the  time  of  the  Romans,  the  hot-baths  of  Monfiedcone  were  on  one 
of  several  islands  of  Alpine  limestone,  between  which  and  the  mainlaod, 
on  the  north,  was  a  channel  of  the  sea,  about  a  mile  broad.  This  chan- 
nel is  now  converted  into  a  grassy  plain,  which  surrounds  the  islands  on 
aU  sides.  Among  the  numerous  changes  on  this  coast,  we  find  that  the 
present  channel  of  the  Isonzo  is  several  miles  to  the  west  of  its  ancdent 
bed,  in  part  of  which,  at  Ronchi,  the  old  Roman  bridge  which  crossed 
the  Via  Appia  was  lately  found  buried  in  fluviatile  silt. 

Marine  delta  of  the  Rhone. — ^The  lacustrine  delta  of  the  Rhone  in 
Switzerland  has  already  been  considered  (p.  251),  its  contemporaneous 
marine  delta  may  now  be  described.  Scarcely  has  the  river  passed  out 
of  the  Lake  of  Geneva  before  its  pure  waters  are  again  filled  with  sand 
and  sediment  by  the  impetuous  Arve,  descending  from  the  highest  Alps, 
and  bearing  along  in  its  current  the  granitic  detritus  annually  brought 
down  by  the  glaciere  of  Mont  Blanc.  The  Rhone  afterwards  recdves 
Tast  contributions  of  transported  matter  from  the  Alps  of  Dauphiny, 
and  the  primary  and  volcanic  mountains  of  Central  France ;  and  when 
at  length  it  enters  the  Mediterranean,  it  discolors  the  blue  waters  of 
that  sea  with  a  whitish  sediment,  for  the  distance  of  between  six  and 
seven  miles,  throughout  which  space  the  current  of  fresh  water  is  per- 
ceptible. 

Strabo*s  description  of  the  delta  is  so  inapplicable  to  its  present  con- 
figuration, as  to  attest  a  complete  alteration  in  the  physical  features  of 
the  country  since  the  Augustan  age.  It  appears,  however,  that  the 
head  of  the  delta,  or  the  point  at  which  it  begins  to  ramify,  has  re- 
mained unaltered  since  the  time  of  Pliny,  for  he  states  that  the  Rhone 
divided  itself  at  Aries  into  two  arms.  This  is  the  case  at  present;  one 
of  the  branches,  the  western,  being  now  called  Le  Petit  Rhdne,  which 
is  again  subdivided  before  entering  the  Mediterranean.  The  advance  of 
the  base  of  the  delta,  in  the  last  eighteen  centuries,  is  demonstrated  by 
many  curious  antiquarian  monuments.  The  most  striking  of  these  is  the 
great  and  unnatural  detour  of  the  old  Roman  road  from  Ugemum  to 
Beziers  (Bceterrce)  which  went  round  by  Nismes  (I/maustui),  It  is 
clear  that,  when  this  was  first  constructed,  it  was  impossible  to  pass  in 
a  direct  line,  as  now,  across  the  delta,  and  that  either  the  sea  or  marshes 
intervened  m  a  tract  now  consistmg  of  terra  firma.*  Astrue  also 
remarks,  that  all  the  places  on  low  lands,  lying  to  the  north  of  the  old 
Roman  road  between  Nismes  and  Beasiers,  have  names  of  Celtic  origin, 
evidently  given  to  them  by  the  first  inhabitants  of  the  country;  where- 
as»  the  places  lying  south  of  that  road,  towards  the  sea,  have  n^mes  of 
Latin  derivation,  and  were  clearly  founded  after  the  Roman  langui^ 
had  been  mtroduced. 

•  M6m.  d!A0tnic,  cited  by  Tod  Hofi^  voL  L  p.  S88. 
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Another  proof,  also,  of  the  great  extent  of  land  which  has  come  into 
existence  since  the  Romans  conquered  and  colonic  Gaul,  is  derived 
from  the  fact,  that  the  Roman  writers  never  mention  the  thermal 
waters  of  Balanic  in  the  delta,  although  they  were  well  acquainted  with 
those  of  Aix,  and  others  still  more  distant,  and  attached  great  import- 
ance to  them,  as  they  invariably  did  to  all  hot  springs.  The  waters  of 
Balanic,  therefore,  must  have  formerly  issued  under  the  sea — a  com- 
mon phenomenon  on  the  borders  of  the  Mediterranean ;  and  on  the 
advance  of  the  delta  they  contmued  to  flow  out  through  the  new 
deposits. 

Among  the  more  direct  proofs  of  the  increase  of  land,  we  find  that 
Mese,  described  under  the  appellation  of  Mesua  Collis  by  Pomponius 
Mela,*  and  stated  by  him  to  be  nearly  an  island,  b  now  far  inland. 
Kotre  Dame  des  Ports,  also,  was  a  harbor  in  808,  but  is  now  a  league 
from  the  shore.  Psalmodi  was  an  island  m  815,  and  is  now  two 
le^ues  from  the  sea.  Several  old  lines  of  towers  and  sea-marks  occur 
at  different  distances  from  the  present  coast,  all  indicating  the  succes- 
sive retreat  of  the  sea,  for  each  line  has  in  its  turn  become  useless  to 
mariners ;  which  may  well  be  conceived,  when  we  state  that  the  Tower 
of  Tignaux,  erected  on  the  shore  so  late  as  the  year  1737,  is  already  a 
mile  remote  from  it.f 

By  the  confluence  of  the  Rhone  and  the  currents  of  the  Mediterra- 
nean, driven  by  winds  from  the  south,  sand-bars  are  often  formed  across 
the  mouths  of  the  river ;  by  these  means  considerable  spaces  become 
(fivided  off  from  the  sea,  and  subsequently  from  the  river  also,  when  it 
shifts  its  channels  of  efflux.  As  some  of  these  lagoons  are  subject  to 
the  occasional  ingress  of  the  river  when  flooded,  and  of  the  sea  during 
storms,  they  are  alternately  salt  and  fresh.  Others,  after  being  filled 
with  salt  water,  are  often  lowered  by  evaporation  till  they  become 
more  salt  than  the  sea ;  and  it  has  happened,  occasionally,  that  a  con- 
siderable precijpitate  of  muriate  of  soda  has  taken  place  in  these  natural 
salterns.  During  the  latter  part  of  Napoleon's  career,  when  the  excise 
laws  were  enforced  with  extreme  rigor,  the  police  was  employed  to 
prevent  such  salt  from  being  used.  The  fluviatile  and  marine  shells 
inclosed  in  these  small  lakes  often  live  together  in  brackish  water ;  but 
the  uncongenial  nature  of  the  fluid  usually  produces  a  dwarfish  size, 
and  sometimes  gives  rise  to  strange  varieties  in  form  and  color. 

Captmn  Smyth  in  his  survey  of  the  coast  of  the  Mediterranean, 
found  the  sea  opposite  the  mouth  of  the  Rhone,  to  deepen  gradually 
from  four  to  forty  fathoms,  within  a  distance  of  six  or  seven  miles, 
over  which  the  discolored  fresh  water  extends ;  so  that  the  inclinaUon 
of  the  new  deposits  must  be  too  slight  to  be  appreciable  in  such  an 
extent  of  section  as  a  geologist  usually  obtuns  in  examining  ancient 
formations.     When  the  wind  blew  from  the  southwest,  the  ships  em- 

•  LIK  il  c  V. 

j  Booche,  Chorographie  et  Hist  de  Provence,  voL  L  p.  28,  cited  by  Yon  "Rett, 
vtiL  L  p.  890. 
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pbyed  in  the  survey  were  obliged  to  quit  their  moorings ;  and  when 
they  returned,  the  new  sand-banks  in  the  delta  were  found  covered 
over  with  a  great  abundance  of  marine  shells.  By  this  means,  w^  learn 
how  occasional  beds  of  drifted  marine  shells  may  become  mterstratified 
with  freshwater  strata  at  a  river's  mouth. 

Stony  nature  of  its  deposits, — ^That  a  great  proportion,  at  least, 
of  the  new  deposit  in  the  delta  of  the  Rhone,  consists  of  rock,  and  not 
of  loose  incoherent  matter,  is  perfectly  asoerUuned,  In  the  Museum  at 
Montpelier  is  a  cannon  taken  up  from  the  sea  near  the  mouth  of  the 
river,  imbedded  in  a  crystalline  calcareous  rock.  Lai^e  masses,  also^ 
are  continually  taken  up  of  an  arenaceous  rock,  cemented  by  calcareous 
matter,  including  multitudes  of  broken  shells  of  recent  spedes.  The 
observations  lately  made  on  this  subject  corroborate  the  former  state- 
ment of  Marsilli,  that  the  earthy  deposits  of  the  coast  of  Languedoc  form 
a  stony  substance,  for  which  reason  he  ascribes  a.  certain  bituminous, 
saline,  and  glutinous  nature  to  the  substances  brought  down  with  sand 
by  the  Rhone.*  If  the  number  of  mineral  springs  charged  with  car- 
bonate of  lime  which  fall  into  the  Rhone  and  its  feeders  in  different 
parts  of  France  be  considered,  we  shall  feel  no  surprise  at  the  lapidifi- 
cation  of  the  newly  deposited  sediment  in  this  delta.  It  should  be 
remembered,  that  the  fresh  water  introduced  by  rivers  being  lighter 
than  the  water  of  the  sea,  floats  over  the  latter,  and  remains  upon  the 
surface  for  a  considerable  distance.  Consequently  it  is  exposed  to 
as  much  evaporation  as  the  waters  of  a  lake ;  and  the  area  over  which 
the  river- water  is  spread,  at  the  junction  of  great  rivers  and  the  sea, 
may  well  be  compared,  in  point  of  extent,  to  that  of  considerable  lakes. 

Now,  it  is  well  known,  that  so  great  is  the  quantity  of  water  carried 
off  by  evaporation  in  some  lakes,  that  it  is  nearly  equal  to  the  water 
flowing  in ;  and  in  some  inland  seas,  as  the  Caspian,  it  is  quite  equal. 
We  may,  therefore,  well  suppose  that,  in  cases  where  a  strong  current 
does  not  interfere,  the  greater  portion  not  only  of  the  matter  held  mechan- 
ically in  suspension,  but  of  that  also  which  is  in  chemical  solution,  may 
be  precipitated  at  no  great  distance  from  the  shore.  When  these  finer 
ingredients  are  extremely  small  in  quantity,  they  may  only  suffice  tc 
supply  crustaceous  animals,  corals,  and  marine  plants,  with  the  earthy 
particles  necessary  for  their  secretions ;  but  whenever  it  is  in  excess 
(as  generally  happens  if  the  basin  of  a  river  lie  partly  in  a  district  ot 
active  or  extinct  volcanoes),  then  will  solid  deposits  be  formed,  and  the 
shells  will  at  once  be  included  in  a  rocky  mass. 

Coast  of  Asia  Minor, — ^Examples  of  the  advance  of  the  land  upon 
the  sea  are  afforded  by  the  southern  coast  of  Asia  Minor.  Admiral 
Sir  F.  Beaufort  has  pointed  out  in  his  survey  the  great  alterations 
effected  since  the  time  of  Strabo,  where  havens  are  filled  up,  islands 
joined  to  the  mainland,  and  where  the  whole  continent  has  increased 
many  miles  in  extent.  Strabo  himself,  on  comparing  the  outline  of  the 
coast  in  his  time  with  its  ancient  state,  was  convinced,  like  our  country- 

»  Hiat.  Phya.  de  U  Mer. 
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man,  that  it  had  gained  Yery  considerably  npon  the  sea.  The  new- 
formed  strata  of  Asia  Minor  consist  of  sUme,  not  of  loose  incoherent 
materials.  Almost  all  the  streamlets  and  rivers,  like  many  of  those  in 
Tuscany  and  the  south  of  Italy,  hold  abundance  of  carbonate  of  lime 
in  solution,  and  precipitate  travertin,  or  sometimes  bind  together  the 
sand  and  gravel  mto  solid  sandstones  and  conglomerates ;  every  delta 
and  sand-bar  thus  acquires  solidity,  which  often  prevents  streams  from 
forcing  their  way  through  them,  so  that  their  mouths  are  constantly 
changing  their  position.* 

Delta  of  the  JTtfe.— That  Egypt  was  "  the  gift  of  the  Nile,**  was  the 
opmion  of  her  priests  before  the  time  of  Herodotus ;  and  Rennell  ob- 
serves, that  the  "  configuration  and  composition  of  the  low  lands  leave 
no  room  for  doubt  that  the  sea  once  washed  the  base  of  the  rocks  on 
which  the  pyramids  of  Memphis  stand,  the  preeent  base  of  which  is 
washed  by  the  inundation  of  the  Nile,  at  an  elevation  of  70  or  80  feet 
above  the  Mediterranean.  But  when  we  attempt  to  car  y  back  our  ideas 
to  the  remote  period  when  the  foundation  of  the  delta  was  first  laid,  we 
are  lost  in  the  contemplation  of  so  vast  an  interval  of  time."f  Herodo- 
tus observes,  *'  that  the  country  round  Memphis  seemed  formerly  to 
have  been  an  arm  of  the  sea  gradually  filled  by  the  Nile,  in  the  same 
manner  as  the  Meander,  Achelous,  and  other  streams,  had  formed  deltas, 
^ypt,  therefore,  he  says,  like  the  Red  Sea,  was  once  a  long  narrow  bay, 
and  both  gulfs  were  separated  by  a  small  neck  of  land.  If  the  Nile, 
he  adds,  should  by  any  means  have  an  issue  into  the  Arabian  Gulf,  it 
might  choke  it  up  with  earth  in  20,000  or  even,  perhaps,  in  10,000 
years ;  and  why  may  not  the  Nile  have  filled  a  still  greater  gulf  with 
mud  in  the  space  of  time  which  has  passed  before  our  age  V'l 

The  distance  between  Memphis  and  the  most  prominent  part  of  the 
delta  in  a  straight  line  north  and  south,  is  about  100  geographical  miles ; 
the  length  of  the  base  of  the  delta  is  more  than  200  miles  if  we  follow 
the  coast  between  the  ancient  extreme  eastern  and  western  arms ;  but  as 
these  are  now  blocked  up,  that  part  only  of  Lower  Egypt  which  inter- 
venes between  the  Rosetta  and  Damietta  branches,  is  usually  called  the 
delta,  the  coast  line  of  which  is  about  90  miles  in  length.  The  bed  of 
the  river  itself,  says  Sir  J.  G.  Wilkinson,  undergoes  a  gradual  increase 
of  elevation  varying  in  different  places,  and  always  lessening  in  propor- 
tion as  the  river  approaches  the  sea.  "  This  increase  of  elevation  in 
perpendicular  height  is  much  smaller  in  Lower  than  in  Upper  Egypt, 
and  in  the  delta  it  diminishes  still  more ;  so  that,  according  to  an  ap- 
proximate c&lculation,  the  land  about  Elephantine,  or  the  first  cataract, 
lat.  24^  5^  has  been  raised  nine  feet  in  1700  years ;  at  Thebes,  lat.  25'' 
4^^  about  seven  feet ;  and  at  Heliopolis  and  Cairo,  lat.  80^,  about  five 
feet  ten  inches.  At  Rosetta  and  the  mouths  of  the  Nile,  lat.  31^  30', 
the  diminution  in  the  perpendicular  thickness  of  the  deposit  is  lessened 

•  yurHTimniii,  or  a  bridf  Deacriptioii  of  the  Coast  of  Asia  Minor,  Aa    London, 
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in  a  much  greater  decreasing  ratio  than  in  the  straitened  vaUey  of  Cen- 
tral and  Upper  Egypt,  owing  to  the  great  extent,  east  and  west,  over 
which  the  inundaUon  spreads."* 

For  this  reason  the  alluvial  deposit  does  not  cause  the  delta  to  protrude 
rapidly  into  the  sea,  although  some  ancient  cities  are  now  a  mile  or  more 
inland,  and  the  mouths  of  the  Nile,  mentioned  by  the  earlier  geographers, 
have  been  many  of  them  silted  up,  and  the  outline  of  the  coast  entirely 
changed. 

The  bed  of  the  Nile  always  keeps  pace  with  the  general  elevation  of 
the  soil,  and  the  banks  of  this  river,  like  those  of  the  Mississippi  and  its 
tributaries  (see  p.  266),  are  much  higher  than  the  flat  land  at  a  distance, 
so  that  they  are  seldom  covered  during  the  highest  inundations.  In 
consequence  of  the  gradual  rise  of  the  river's  bed,  the  annual  flood  is 
constantly  spreading  over  a  wider  area,  and  the  alluvial  soil  encroaches 
on  the  desert,  covering,  to  the  depth  of  six  or  seven  feet,  the  base  of 
statues  and  temples  which  the  waters  never  reached  3000  years  ago. 
Although  the  sands  of  the  Libyan  deserts  have  in  some  places  been 
drifted  into  the  valley  of  the  Nile,  yet  these  aggressions,  says  Wilkinson, 
are  far  more  than  counterbalanced  by  the  fertilizing  eflbct  of  the  water 
which  now  reaches  farther  inland  towards  the  desert,  so  that  the  num- 
ber of  square  miles  of  arable  soil  is  greater  at  present  than  at  any  pre- 
vious period. 

Mvd  of  the  Nile, — On  comparing  the  different  analyses  which  have 
been  published  of  this  mud,  it  will  be  found  that  it  contains  a  lai^ 
quantity  of  argillaceous  matter,  with  much  peroxide  of  iron,  some  car- 
bonate of  lime,  and  a  small  proportion  of  carbonate  of  magnesia.  The 
latest  and  most  careful  analysis  by  M.  Lassaigne  shows  a  singulariy  dose 
resemblance  in  the  proportions  of  the  ingredients  of  silica,  alumina,  iron, 
carbon,  lime,  and  magnesia,  and  those  observed  in  ordinary  mica  ;f  but 
a  much  larger  quantity  of  calcareous  matter  b  sometimes  present. 

In  many  places,  as  at  Cairo,  where  artificial  excavations  have  been 
made,  or  where  the  river  has  undermined  its  banks,  the  mud  is  seen  to 
be  thinly  stratified,  the  upper  part  of  each  annual  layer  consisting  of 
earth  of  a  lighter  color  than  the  lower,  and  the  whole  separating  easily 
from  the  deposit  of  the  succeeding  year.  These  annual  layers  are  vari- 
able in  thickness ;  but,  according  to  the  calculations  of  Girard  and  Wil- 
kinson, the  mean  annual  thickness  of  a  layer  at  Cairo  cannot  exceed  that 
of  a  sheet  of  thin  pasteboard,  and  a  stratum  of  two  or  three  feet  must 
represent  the  accumulation  of  a  thousand  years. 

The  depth  of  the  Mediterranean  is  about  twelve  fathoms  at  a  small 
distance  from  the  shore  of  the  delta ;  it  afterwards  increases  gradually  to 
50,  and  then  suddenly  descends  to  380  fathoms,  which  is,  perhaps,  the 
original  depth  of  the  sea  where  it  has  not  been  rendered  shallower  by 
fluviatile  matter.     We  learn  from  Lieut.  Newbold  that  nothing  but  the 

*  Joara  of  Roy.  Geograph.  Soe.  vol  ix.  p.  482. 
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finest  and  lightest  ingredients  reach  the  Mediterntneany  where  he  has 
ofaaenred  the  sea  discolored  hy  them  to  the  distance  of  40  miles  from 
the  shore.*  The  small  progress  of  the  delta  in  the  last  2000  years  afford8» 
periiaps,  no  measnre  for  estimating  its  rate  of  growth  when  it  was  an 
inland  bay,  and  had  not  yet  protruded  itself  beyond  the  coast-line  of 
the  Mediterranean.  A  powerful  current  now  sweeps  akmg  the  shores 
of  Africa,  from  the  Straits  of  Qibraltar  to  the  prominent  convexity  of 
Egypt,  the  western  side  of  which  is  continually  the  prey  of  the  waves ; 
so  that  not  only  are  fresh  accessions  of  land  checked,  but  andent  parts 
of  the  delta  are  carried  away.  By  thb  cause,  Canopus  and  some  other 
towns  have  been  overwhelmed ;  but  to  this  subject  I  shall  again  refer 
when  speaking  of  tides  and  currents. 


CHAPTER  XVIII. 

RXFRODUonvB  XFFS0T8  OF  ftivxBS — Continued. 

Mtas  formed  mider  the  infloenoe  of  tides — Basin  and  delta  of  the  Missiastppi— 
Alluvial  plain — River-banka  and  bluflfa — Onrves  of  the  river — ^Natural  rafts 
and  anaga-— New  lakea^  and  effects  of  earthquakes — ^Antiquity  of  the  delta^ 
Delta  of  the  Ganges  and  Brahmapootra — ^Head  of  the  delta  and  Sonderbond^^ 
labmds  formed  and  destroyed — Cnxx)diles — Amount  of  fluviatile  sediment  in 
the  water — ^Artesian  boring  at  Calcutta — Proofs  of  subsideoce— Age  of  the 
delta — Convergence  of  deltas — Origin  of  ezisting  deltas  not  oootemporaneous'— 
Grouping  of  strata  and  stratification  in  deltas — Conglomerates  Constant  inter- 
diange  of  land  and  sea. 

Ik  the  last  chapter  several  examples  were  given  of  the  deltas  of  inland 
seas,  where  the  influence  of  the  tides  is  almost  imperceptible.  We 
may  next  consider  those  marine  or  oceanic  deltas,  where  the  tides  play 
fm  important  part  in  the  dispersion  of  fluviatile  sediment,  as  in  the  Gulf 
of  Mexico,  where  they  exert  a  moderate  degree  of  force,  and  then  in  the 
Bay  of  Bengal,  where  they  are  extremely  powerful.  In  regard  to 
estuaries,  which  Rennel  termed  "  negative  deltas,"  they  will  be  treated 
of  more  properly  when  our  attention  is  specially  turned  to  the  opera- 
tions of  tides  and  currents  (chapters  20,  21,  and  22).  In  this  case, 
instead  of  the  land  gaining  on  the  sea  at  the  river's  mouth,  the  tides 
penetrate  far  inland  beyond  the  general  coast-line. 

BASIN   AND   DKLTA   OF   THE  MISSISSIPPI. 

AUuvial  pUun. — ^The  hydrographical  basin  of  the  Mississippi  displays, 
on  the  grandest  scale,  the  action  of  running  water  on  the  surface  of  a 
fast  continent    This  magnificent  river  rises  nearly  in  the  forty-nmih 

*  Quart  Joum.  GeoL  Soc.  1848,  voL  iv.  p.  842. 
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parallel  of  north  latitode,  and  flows  to  the  Gulf  of  Mezioo  in  the  twenty^ 
ninth — a  Qonrse,  includmg  its  meanders,  of  more  than  three  thousand 
miles.  It  passes  from  a  cold  climate,  irhere  the  hunter  obtains  his  fan 
and  peltries,  traverses  the  temperate  latitudes,  and  dischai^i^  its  watem 
mto  the  sea  in  the  region  of  rice,  the  cotton  plant,  and  the  sugar-cane 
From  near  its  mouth  at  the  Balize  a  steamboat  may  ascoid  for  2000 
miles  with  scarcely  any  perceptible  difference  in  the  width  of  the  river. 
Several  of  its  tributaries,  the  Bed  River,  the  Arkansas,  the  Missouri,  the 
Ohio,  and  others,  would  be  regarded  elsewhere  as  ai  the  first  importance, 
and,  taken  together,  are  navigable  for  a  distance  many  times  exceeding 
that  of  the  main  stre^un.  No  river  affords  a  more  striking  illnatiatioa 
of  the  law  before  mentioned,  that  an  augmentation  of  volume  does  not 
occasion  a  proportional  increase  of  surface,  nay,  is  even  sometimes  at< 
tended  with  a  narrowing  of  the  channel  The  Mississippi  is  half  a  mile 
wide  at  its  junction  with  the  Missouri,  the  latter  being  also  of  equal 
width  ;  yet  the  united  waters  have  only,  from  their  confluence  to  the 
mouth  of  the  Ohio,  a  medial  width  of  about  half  a  mile.  The  junction 
of  the  Ohio  seems  also  to  produce  no  increase,  but  rather  a  decrease, 
of  surface.*  The  St.  Francis,  White,  Arkansas,  and  Red  rivers  are 
also  absorbed  by  the  main  stream  with  scarcely  any  apparent  increase 
of  its  width,  although  here  and  there  it  expands  to  a  breadth  of  1^,  or 
even  to  2  miles.  On  arriving  at  New  Orleans,  it  is  somewhat  less  than 
half  a  mile  wide.  Its  depth  there  is  very  variable,  the  greatest  at  high 
water  being  168  feet.  The  mean  rate  at  which  the  whole  body  of 
water  flows  is  variously  estimated ;  according  to  Mr.  Forshey  the  mean 
velocity  of  the  current  at  the  surface,  somewhat  exceeds  2  j-  miles  an 
hour  when  the  water  is  at  a  mean  height  For  300  miles  above  New 
Orleans  the  distance  measured  by  the  winding  river  is  about  twice  as 
great  as  the  distance  in  a  right  line.  For  the  first  100  miles  from  the 
mouth  the  rate  of  fall  is  1'80  inch  per  mile,  for  the  second  hundred  2 
inches,  for  the  third  2*30,  for  the  fourth  2*57. 

The  alluvial  plain  of  the  Mississippi  begins  to  be  of  great  width  below 
Cape  Girardeau,  50  miles  above  the  junction  of  the  Ohio.  At  thb 
junction  it  is  about  50  miles  broad,  south  of  which  it  contracts  to  about 
80  miles  at  Memphis,  expands  again  to  80  miles  at  the  mouth  of  the 
White  River,  and  then,  after  various  contractions  and  expansions,  pro- 
trudes beyond  the  general  coast-line,  in  a  large  delta,  about  00  mite  in 
width,  from  N.  £.  to  S.  W.  Mr.  Forshey  estimates  the  area  of  the 
great  plain  as  above  defined  at  31,200  square  miles,  with  a  circumfer- 
ence of  about  8000  miles,  exceeding  the  area  of  Ireland.  If  that  part 
of  this  plain  which  lies  below,  or  to  the  south  of  the  branching  off  of 
the  highest  arm,  called  the  Atchafalaya,  be  termed  the  delta,  it  consti- 
tutes less  than  half  of  the  whole,  being  14,000  square  British  miles  in' 
area.    The  delta  may  be  said  to  be  bounded  on  the  east,  west,  and 

•  Flint*8  Geography,  vol  I  p.  142.    Lyell's  Second  Visit  to  the  United  StaUa 
voL  ii  chaps.  28  to  S4. 
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sooth  bT^the  sea;  on  the  north  chiefly  bj  the  broad  valley-plam  whioh 
entirely  resembfee  it  in  character  as  in  origin.  The  east  and  li^eat 
boundaries  of  the  aUuvial  region  above  the  head  of  the  delta  consists  of 
c1i£b  or  b-nflb,  which  on  the  east  side  of  the  Missisappi  are  very  abrupt, 
and  are  ^udermined  by  the  river  at  many  points.  They  consist,  from 
Baton  Rouge  in  Louisiana,  where  they  commence,  as  far  north  as  the 
botders  of  Kentucky,  of  geological  formations  newer  than  the  cretaceous^ 
the  lowest  being  Eocene,  and  tiie  uppermost  conasting  of  loam,  re* 
sembling  the  loess  of  the  Rhine,  and  containing  freshwater  and  land 
shells  almost  all  of  existing  species.  (See  fig.  23.)  These  recent  shells 
are  associated  with  the  bones  of  the  mastodon,  dephant,  tapu*,  mylodon, 
hdrBe»  ox,  and  other  quadrupeds,  most  of  them  (tf  extinct  species. 

I  have  endeavored  to  show  in  my  Second  Visit  to  the  United  States, 
that  this  extensive  formation  of  loam  is  either  an  ancient  alluvial  plain 
or  a  delta  of  the  great  river,  formed  originally  at  a  lower  level,  and 
flmce  upheaved,  and  partially  denuded. 

The  Mississippi  in  that  part  of  its  course  which  is  below  the  mouth 
of  the  Ohio,  frequently  washes  the  eastern  bluf&,  but  never  once  comes 
in  contact  with  the  western.  These  are  composed  of  similar  forma- 
tions ;  but  I  learn  from  Mr.  Forshey  that  they  rise  up  more  gently 
from  the. alluvial  plain  (as  at  a,  fig.  23).    It  is  supposed  that  the 
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waters  are  thrown  to  the  eastern  side,  because  all  the  large  tributaiy 
rivers  entering  from  the  west  have  filled  that  side  of  the  great  valley 
with  their  deltas,  or  with  a  sloping  mass  of  clay  and  sand ;  so  .that  the 
opposite  blufis  are  undermined,  and  the  Mississippi  is  slowly  but  inces* 
santly  advancing  eastward.* 

Curves  of  ike  Missimppi. — ^The  river  traverses  the  plain  in  a  mean- 
dering course,  describing  immense  curves.  After  sweepiug  round  the 
half  of  a  circle,  it  is  carried  in  a  rapid  current  diagonally  across  the 
ordinary  direction  of  its  channel,  to  another  curve  of  similar  shape. 
Opposite  to  each  of  these,  there  is  always  a  sand-bar,  answering,  in  the 
conventy  of  its  form,  to  the  concavity  of  "the  bend,"  as  it  is  called.f 
The  river,  by  continually  wearing  these  curves  deep,  returns,  like  many 
.other  streams  before  described,  on  its  own  track,  so  that  a  vessel  in 
some  places,  after  sailing  for  twenty-five  or  thui;y  miles,  is  brought 
round  again  to  within  a  mile  of  the  place  whence  it  started.  When  the 
waters  approach  so  near  to  each  other,  it  often  happens  at  high  floods 

♦  Geograph.  Descrip.  of  Louisiana,  by  "W.  Darby,  Fhlladolphia,  1816,  p.  102. 
f  Flint's  Geography,  vol  L  p.  162. 
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that  they  burst  through  the  small  tongas  of  land,  and  insulate  a  portion, 
roshing  through  what  is  called  the  ''cut-off/'  bo  that  vessels  may  pass 
from  one  point  to  another  in  ha]f  a  mile  to  a  distance  which  it  previ* 
ously  required  a  voyage  of  twenty  miles  to  reach.  As  soon  ss  the  river 
has  excavated  the  new  passage,  bars  of  sand  and  mud  are  formed  ai 
the  two  points  of  junction  with  the  old  bend,  which  is  soon  entirely 
separated  from  the  main  river  by  a  continuous  mud-bank  covered  with 
wood.  The  old  bend  then  becomes  a  semicircular  lake  of  clear  water, 
inhabited  by  large  gar-fish,  alligators,  and  wild  fowl,  which  the  steam« 
boats  have  nearly  driven  away  from  the  main  river.  A  multitude  of 
such  crescent-shaped  lakes,  scattered  hr  and  wide  over  the  alluvial 
plain,  the  greater  number  of  them  to  the  west,  but  some  of  them  akd 
eastward  of  ^e  Mississippi,  bear  testimony  of  the  extensive  wanderings 
of  the  great  stream  in  former  ages.  For  the  last  two  hundred  miles 
above  its  mouth  the  course  of  the  river  is  much  less  winding  thsn 
above,  there  being  only  in  the  whole  of  that  distance  one  great  curve, 
that  called  the  **  English  Turn."  This  great  strugbtness  of  the  stream 
is  ascribed  by  Mr.  Forshey  to  the  superior  tenacity  of  the  banks,  which 
are  more  clayey  in  this  r^rion. 

The  Mississippi  has  been  inccMrecUy  described  by  some  of  the  earlier 
geographers,  as  a  river  running  along  the  top  of  a  long  hill,  or  mound 
in  a  plain.  In  reality  it  runs  in  a  valley,  from  100  to  200  or  more  feet 
m  depth,  as  a,  c,  b,  fig.  24,  its  banks  forming  long  strips  of  land  par- 
allel to  the  course  of  the  main  stream,  and  to  the  swamps  ^,/,  and  d,  e, 
lying  on  each  side.  These  extensive  morasses,  which  are  commonly  well- 
wooded,  though  often  submerged  for  months  continuously,  are  rarely 
more  than  fifteen  feet  below  the  summit  level  of  the  banks.  The  banks 
themselves  are  occasionally  overflowed,  but  are  usually  above  water  for 

Fig.  SI 


a  breadth  of  about  two  miles.  They  follow  all  the  curves  of  the  great 
river,  and  near  New  Orleans  are  raised  artificially  by  embankments  (or 
levees),  a  h,  fig.  24,  through  which  the  river  when  swollen  sometimes 
cuts  a  deep  channel  {or  crevasse),  inundating  the  adjoining  low  lands 
and  swamps,  and  not  sparing  the  lower  streets  of  the  great  city. 

The  cause  of  the  uniform  upward  slope  of  the  river-bank  above  the 
adjoining  alluvial  plain  is  this :  when  the  waters  charged  with  sedimei^ 
pass  over  the  banks  in  the  flood  season,  their  velocity  is  checked  anoong 
the  herbage  and  reeds,  and  they  throw  down  at  once  the  coarser  and 
more  sandy  matter  with  which  they  are  charged.  But  the  flne  parti- 
^^  tii  tainil  vo  carried  farther  on,  so  that  at  tiie  distance  of  about  two 
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miks,  a  thin  film  of  fine  cky  only  subsides,  forming  a  stiff  unctuow 
Mack  soil,  which  gradually  enrelops  the  base  of  trees  growing  on  the 
borders  of  the  swamps. 

Waste  of  the  banli». — It  has  been  said  of  a  mountain  torrent,  that  **  it 
lays  down  what  it  will  remove,  and  removes  what  it  has  Uud  down  ;** 
and  in  like  manner  the  Mississippi,  by  the  continual  shifting  of  its  course* 
sweeps  away,  during  a  great  portion  of  the  year,  considerable  tracts  ot 
alluvium,  which  were  gradually  accumulated  by  the  overflow  of  former 
years,  and  the  matter  now  left  during  the  spring-floods  will  be  at  some 
future  time  removed.  After  the  flood  season,  when  the  river  subsides 
within  its  channel,  it  acts  with  destructive  force  upon  the  alluvial  banks, 
softened  and  diluted  by  the  recent  overflow.  Several  acres  at  a  time, 
thickly  covered  with  wood,  are  precipitated  into  the  stream ;  and  large 
portiona  of  the  islands  are  frequently  swept  away. 

''  Some  years  ago/'  observes  Captain  Hall, "  when  the  Missisuppi  was 
regularly  surveyed,  all  its  islands  were  numbered,  from  the  confluence 
of  the  Missouri  to  the  sea ;  but  every  season  makes  such  revolutions, 
not  only  in  the  number^  but  in  the  magnitude  and  situation  of  these 
islands,  that  thb  enumeration  is  now  almost  obsolete.  Sometimes  laige 
islands  are  entirely  melted  away ;  at  other  places  they  have  attached 
themselves  to  the  main  shore,  or,  which  is  the  more  correct  statement, 
the  interval  has  been  filled  up  by  myriads  of  logs  cemented  together  by 
mud  and  rubbbh."* 

Bafis, — One  of  the  most  interesting  features  in  the  great  rivers  of  this 
part  of  America  b  the  frequent  accumulation  of  what  are  termed  "  rafts/' 
or  masses  of  floating  trees,  which  have  been  arrested  in  their  progress 
by  snags,  islands,  shoals,  or  other  obstructions,  and  made  to  accumulate, 
ao  as  to  form  natural  bridges,  reaching  entirely  across  the  stream.  One 
of  the  largest  of  these  was  called  the  raft  of  the  Atchafalaya,  an  arm  of 
the  Mississippi,  which  was  certainly  at  some  former  time  the  channel  of 
the  Red  Itiver,  when  the  latter  found  its  way  to  the  Gulf  of  Mexico  by 
a  separate  course.  The  Atchafalaya  bemg  in  a  direct  line  with  the 
genial  direction  of  the  Mississippi,  catches  a  large  portion  of  the  timber 
annually  brought  down  from  the  north ;  and  the  drift-trees  collected  m 
about  thirty-eight  years  previous  to  1816  formed  a  continuous  raft,  no 
less  than  ten  miles  in  length,  220  yards  wide,  and  eight  feet  deep.  The 
whole  rose  and  fell  with  the  water,  yet  was  covered  with  green  bushes 
and  trees,  and  its  sur&ce  enlivened  in  the  autumn  by  a  variety  of  beau* 
tifnl  flowers.  It  went  on  increasing  till  about  1885,  when  some  of  the 
trees  upon  it  had  grown  to  the  height  of  about  sixty  feet.  Steps  were 
then  teJcen  by  the  State  of  Loiusiana  to  clear  away  the  whole  raft,  and 
open  the  navigation,  which  was  effected,  not  without  great  labor,  in  the 
space  of  four  years. 

The  rafts  on  Red  River  are  equally  remarkable :  in  some  parts  of  its 
ooune*  cedar-trees  are  heaped  up  by  themselves,  and  in  other  places^ 

*  Traveh  in  North  America,  vol  iil  p.  961. 


268  lOBsiBsippi. — ^DKnnvwooD,  [Ch.  xvm. 

pines.  Oil  the  rke  of  the  waters  in  summer  hundreds  of  these  are  secn^ 
some  with  their  green  leaves  still  upon  them,  just  as  they  have  fallen 
from  a  ne  ghboring  bank,  others  leafless,  broken  and  worn  in  their  pas- 
sage from  a  far  distant  tributary:  wherever  they  accumulate  on  the 
edge  of  a  sand-bar  they  arrest  the  current,  and  soon  become  covered 
with  sediment  On  this  mud  the  young  willows  and  the  poplars  called 
cotton-wood  spring  up,  their  boughs  still  farther  retarding  the  stream, 
and  as  the  bundation  rises,  acceleratmg  the  deposition  of  new  soil.  The 
bank  continuing  to  enlarge,  the  channel  at  length  becomes  'so  narrow 
that  a  single  long  tree  may  reach  from  side  t6  eide,  and  the  remaining 
space  is  then  soon  choked  up  by  a  quantity  of  other  timber. 

"  Unfortunately  for  the  navigation  of  the  Mississippi,'*  observes  Cap- 
tun  Hall,  **  some  of  the  hirgest  trunks,  after  being  cast  down  from  the 
position  on  which  they  grew,  get  their  roots  entangled  with  the  bottom 
of  the  river,  where  they  remun  anchored,  as  it  were,  in  the  mud.  The 
force  of  the  current  naturally  gives  their  tops  a  tendency  downwards, 
and,  by  its  flowing  past,  soon  strips  them  of  their  leaves  and  branches. 
These  fixtures,  called  snags,  or  planters,  are  extremely  dangerous  to  the 
steam-vessels  proceeding  up  the  stream,  in  which  they  lie  like  a  lance 
in  rest,  concealed  beneath  the  water,*  with  their  sharp  ends  pointed 
du^ectly  against  the  bows  of  the  vessels  coming  up.  For  the  most  part 
these  formidable  snags  remain  so  still  that  they  can  be  detected  only  by 
a  slight  ripple  above  them,  not  perceptible  to  inexperienced  eyes.  Some- 
times, however,  they  vibrate  up  and  down,  alternately  showing  then: 
heads  above  the  surface  and  bathing  them  beneath  it."*  So  imminent, 
until  lately,  was  the  danger  caused  by  these  obstructions,  that  almost 
all  the  boats  on  the  Mississippi  were  constructed  on  a  particular  plan, 
to  guard  against  fatal  accidents ;  but  in  the  last  ten  years,  by  the  aid 
of  the  power  of  steam  and  the  machinery  of  a  snag-boat,  as  it  is  called* 
the  greater  number  of  these  trunks  of  trees  have  been  drawn  out  of  the 
mud.f 

The  prodigious  quantity  of  wood  annually  drifted  down  by  the  Mis- 
sissippi and  its  tributaries,  is  n  subject  of  geological  interest,  not  merely 
as  illustrating  the  manner  in  which  abundance  of  vegetable  matter  be- 
comes, in  the  ordinary  course  of  nature,  imbedded  in  submarine  and  es- 
tuary deposits,  but  as  attesting  the  constant  destruction  of  soil  and 
transportation  of  matter  to  lower  levels  by  the  tendency  of  rivers  to 
shift  their  courses.  Each  of  these  trees  must  have  reqiured  many  years, 
some  of  them  centuries,  to  attain  thehr  full  size;  the  soil,  therefore, 
whereon  they  grew,  after  remaining  undisturbed  for  long  periods,  is 
ultimately  torn  up  and  swept  away. 

*  Travels  in  North  America,  toI  ill  p.  862. 

f  ''The  boats  are  fitted,"  says  Oaptam  Hall, "with  what  is  called  a  snag-cham- 
ber ;— a  partition  formed  of  stout  planks,  which  is  calked,  and  made  so  effectually 
WBterwtfght  that  the  foremost  end  of  the  vessel  is  cut  off  as  entirely  Arom  the  rest 
of  the  hold  as  if  it  belonged  to  another  boat  If  the  steam-vessel  happen  to  raa 
against  a  snag,  and  that  a  hole  is  made  in  her  bow,  under  the  surface,  this  cliam* 
bet  merely  fills  with  water."— Travels  in  North  America,  vd.  iil  p.  868. 
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It  is  also  found  in  excavating  at  New  Orleans,  eyen  at  the  depth  of 
sereral  yards  below  the  lerel  of  the  sea,  that  the  soil  of  the  delta  con- 
tains mnuDierable  trunks  of  tiees,  layer  above  layer,  some  prostrate,  as 
if  drifted,  others  broken  off  near  the  bottom,  but  remaining  sUll  erect, 
and  with  their  roots  spreading  on  all  sides,  as  if  in  their  natural  position. 
In  such  situations  they  appeared  to  me  to  indicate  a  sinking  of  the 
ground,  as  the  trees  must  formerly  have  grown  in  marshes  above  the 
sea-level.  In  the  higher  parts  of  the  alluvial  plain,  for  many  hundred 
miles  above  the  head  of  the  delta,  similar  stools  and  roots  of  trees  are 
also  seen  buried  in  stiff  clay  at  different  levels,  one  above  the  other,  and 
exposed  to  view  in  the  banks  at  low  water.  They  pomt  clearly  to  the 
successive  growth  of  forests  in  the  extensive  swamps  of  the  plain,  where 
the  groimd  was  slowly  raised,  year  after  year,  by  the  mud  thrown  down 
during  inundations.  These  roots  and  stools  belong  chiefly  to  the  decidu- 
ous cypress  {Taxodium  distickum),  and  other  swamp-trees,  and  they 
bear  testimony  to  the  constant  shifting  of  the  course  of  the  great  river, 
which  is  always  excavating  land  originally  formed  at  some  distance  from 
its  banks. 

Formatum  of  lakes  in  Louisiana, — Another  striking  feature  in  the 
basin  of  the  Mississippi,  iUustradve  of  the  changes  now  in  progress,  is 
the  forpFiation  by  natural  causes  of  great  lakes,  and  the  drainage  of  others. 
These  are  especially  frequent  in  the  basin  of  the  Bed  River  in  Louisiana, 
where  the  largest  of  them,  called  Bistinean,  is  more  than  iMriy  miles 
long»  and  h^  a  medium  depth  of  from  fifieen  to  twenty  feet  In  the 
deepest  pai*ts  are  seen  numerous  cypress-trees,  of  all  sizes,  now  dead, 
and  most  of  them  with  their  tops  broken  by  the  wind,  yet  standing 
erect  under  water.  This  tree  resists  the  action  of  air  and  water  longer 
ttian  any  other,  and,  if  not  submerged  throughout  the  whole  year,  will 
retain  life  for  an  extraordinary  period.  Lake  Bistineau,  as  well  as  Black 
Lake*  Cado  Lake,  Spanish  Lake,  Natchitoches  Lake,  and  many  others, 
have  been  formed,  according  to  Darby,  by  the  gradual  elevation  of  the 
bed  of  Bed  River,  in  which  the  alluvial  accumulations  have  been  so  great 
as  to  raise  its  channel,  and  cause  its  waters,  during  the  flood  season,  to 
flow  up  the  mouths  of  many  tributaries,  and  to  convert  parts  of  theur 
courses  into  lakes.  In  the  autumn,  when  the  level  of  Bed  Biver  is  again 
depressed,  the  waters  rush  back,  and  some  lakes  become  grassy  meadows, 
with  streams  meandering  through  them.*  Thus,  there  is  a  periodical 
flux  and  reflux  between  Bed  Biver  and  some  of  these  basins,  which  are 
merely  reservoirs,  alternately  emptied  and  filled,  like  our  tide  estuaries — 
with  this  difference,  that  in  the  one  case  the  land  is  submeiged  for  seve- 
ral months  continuously,  and  in  the  other  twice  in  every  twenty-four 
hours.  It  has  happened,  in  several  cases,  that  a  raft  of  timber  or  a  bar 
has  been  thrown  by  Bed  Biver  across  some  of  the  openings  of  these 
channels,  and  then  the  lakes  become,  like  Bistinean,  constant  repositories 
Df  water.     But,  even  in  these  cases,  thdr  level  is  liable  to  annual  ele- 

*  Darby's  Lonlnaiis,  p.  S8. 
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ration  and  depression,  because  the  flood  of  the  main  mer,  when  at  its 
height,  passes  over  the  bar ;  just  as,  where  sand-hills  close  the  entrance 
of  an  estuary  on  the  Norfolk  or  Suffolk  coast,  the  sea,  during  some  high 
tide  or  storm,  has  often  breached  the  barrier  and  mundated  again  the 
interior. 

I  am  informed  by  Mr.  Featherstonhaugh  that  the  plains  of  the  Red 
lUver  and  the  Aikansas  are  so  low  and  flat,  that  whenever  the  Missis- 
sippi rises  thirty  feet  above  its  ordinary  level,  those  great  tributaries  are 
made  to  flow  back,  and  inundate  a  region  of  vast  extent.  Both  the 
streams  alluded  to  contain  red  sediment,  derived  from  the  decomposition 
of  red  porphyry ;  and  smce  1883,  when  there  was  a  great  inundation  in 
the  Arkansas,  an  immense  swamp  has  been  formed  near  the  Mammelle 
mountain,  comprising  30,000  acres,  with  here  and  there  large  lagoons, 
where  the  old  bed  of  the  river  was  situated ;  in  which  innumerable  trees^ 
for  the  most  part  dead,  are  seen  standing,  of  cypress,  cotton-wood,  or 
poplar,  the  triple-thomed  acacia,  and  others,  which  are  of  great  size. 
Thdr  trunks  appear  as  if  painted  red  for  about  fifteen  feet  from  the 
ground;  at  which  height  a  perfectly  level  line  extends  through  the 
whole  forest,  marking  the  rise  of  the  waters  during  the  last  flood.* 

But  Aost  probably  the  causes  above  assigned  for  the  recent  origin  of 
these  lakes  are  not  the  only  ones.  Subterranean  movements  have  alter- 
ed, so  lately  as  the  years  1811-12,  the  relative  levels  of  various  parts  of 
the  basin  of  the  Mississippi,  situated  300  miles  northeast  of  Lake  Bisti- 
neau.  In  those  years  the  great  valley,  from  the  mouth  of  the  Ohio  to 
that  of  the  St.  Francis,  includmg  a  tract  300  miles  in  length,  and  exceed- 
ing in  area  the  whole  basin  of  the  Thames,  was  convulsed  to  such  a  de- 
gree, as  to  create  new  islands  in  the  river,  and  lakes  in  the  alluvial  plain. 
Some  of  these  were  on  the  left  or  east  bank  of  the  Missisnppi,  and  were 
twenty  miles  m  extent ;  as,  for  example,  those  named  Beelfoot  and  Obicm 
in  Tennessee,  formed  in  the  chaimels  or  valleys  of  small  streams  bearing 
the  same  names.f 

But  the  largest  area  affected  by  the  great  convulsion  lies  eight  or  ten 
miles  to  the  westward  of  the  Mississippi,  and  inland  from  the  town  of 
New  Madrid,  in  Missouri    It  is  called  "  the  sunk  country,"  and  is  said 

*  Featherstonhaugh,  Oeol  Report,  Washingtoo,  1885,  p.  84. 

f  Trees  submerged  in  an  upright  poaitioD  have  been  observed  in  other  parts  of 
N.  America.  Thus  Captains  Clark  and  Lewis  found,  about  the  year  1807«  a  forest 
of  pines  standing  erect  under  water  in  the  body  of  the  Colombia  river,  which  they 
aniqxised,  from  the  appearance  of  the  trees,  to  have  been  submerged  only  about 
twenty  years.  (Travels,  Ac  vol  it  p  241.)  More  Uitelv  (1886X  the  Rev.  Bfr. 
Parker  observed  on  the  same  river  (ikt  46^  N.,  long.  121^  W.)  trees  standing  in 
their  natural  poeitioh  in  spots  where  the  water  was  more  than  twenty  feet  deep. 
The  tops  of  the  trees  had  disappeared ;  but  between  high  and  low  water-mark 
the  trunks  were  only  partially  aecayed ;  and  the  roots  were  seen  through  the 
clear  water,  spreading  as  they  had  grown  in  their  native  forest.  (Tour  beyond 
the  Rocky  Mountains,  p  182.)  Some  have  inferred  from  these  lacts  tliat  a  tract 
of  land,  more  than  twenty  miles  in  length,  must  have  subsided  vertically ;  but 
Oapt  Fremont^  Dec  1846  (Rep.  of  Ezplor.  Exped.  p.  196),  satisfied  himsJf  that 
the  submerged  forests  have  been  formed  by  immense  land-slides  from  the  moun 
tains^  which  here  closely  shut  in  the  river. 
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to  extend  al<»ig  the  coone  of  the  White  Water  and  its  tributanes*  for  a 
distance  of  between  seventy  and  eighty  miles  north  and  soaih,  and  thirty 
miles  or  more  east  and  west  Throughout  this  area,  innumerable  sub- 
meiged  trees,  some  standing  leafless,  others  prostrate,  are  seen ;  and  so 
great  ia  the  extent  of  lake  and  marsh,  that  an  active  trade  in  the  skins 
of  muskrats,  mink,  otters,  and  other  wild  animals,  is  now  carried  on 
there.  In  March,  1840, 1  skirted  the  borders  of  the  "sunk  country'^ 
nearest  to  New  Madrid,  passing  along  the  Bayou  St.  John  and  Little 
Piairie,  where  dead  trees  of  various  kinds,  some  erect  in  the  water,  others 
fiillen,  and  strewed  in  dense  masses  over  the  bottom,  in  the  shallows,  and 
near  the  shore,  were  conspicttous.  I  also  beheld  countless  rents  in  the 
adjoining  dry  alluvial  pliuns,  caused  by  the  movements  of  the  soil  in  181 1- 
12,  and  still  open,  though  the  rains,  frost,  and  river  inundations,  have 
greatly  diminished  their  original  depth.  I  observed,  moreover,  numer- 
ous circular  cavides,  called  "  sunk  holes,"  from  ten  to  thirty  yards  wide, 
and  twenty  feet  or  more  in  depth,  which  interrupt  the  general  level  of 
the  plain.  These  were  formed  by  the  spouting  out  of  large  quantities 
of  sand  and  mud  during  the  earthquakes.* 

That  the  prevailing  changes  of  level  in  the  delta  and  alluvial  plain  of 
the  Mississippi  have  been  caused  by  the  subsidence,  rather  than  the  up- 
heaval of  land,  appears  to  me  established  by  the  fact,  that  there  are  no 
protuberances  of  upraised  alluvial  soil,  projecting  above  the  level  surfiioe 
of  the  great  plain.  It  is  true  that  the  gradual  elevation  of  that  plain, 
by  new  accessions  of  matter,  would  tend  to  eflhce  every  inequality  de- 
rived from  this  source,  but  we  might  certainly  have  expected  to  find 
more  broken  ground  between  the  opposite  blufib,  had  local  upthrows  of 
alluvial  strata  been  of  repeated  occurrence. 

Antiquity  of  the  delta, — ^The  vast  siase  of  the  alluvial  plain  both  above 
and  below  the  head  of  the  delta,  or  the  branching  off  of  the  uppermost 
arm  of  the  Atchafalaya,  has  been  already  alluded  to.  Its  superficial 
dimensions,  according  to  Mr.  Forshey,  exceed  30,000  square  miles, 
nearly  half  of  which  belong  to  the  true  delta.  The  deposits  consist 
partly  of  sand  originally  formed  upon  or  near  the  banks  of  the  river,  and 
its  tributaries,  partly  of  gravel,  swept  down  the  main  channel,  of  which 
the  position  has  continually  shifted,  and  jpartly  of  fine  mud  slowly  ac- 
cumulated in  the  swamps.  The  farther  we  descend  the  river  towards 
its  mouth,  the  finer  becomes  the  texture  of  the  sediment.  The  whole 
alluvial  formation,  from  the  base  of  the  delta  upwards,  slopes  with  a 
very  gentle  inclination,  rising  about  three  inches  in  a  mile  from  the  level 
of  the  sea  at  the  Balise,  to  the  height  of  about  200  feet  in  a  distance  of 
about  800  miles. 

That  a  large  portion  of  this  fiuviatile  deposit,  together  with  the  fluvio- 
marine  strata  now  in  progress  near  the  Balize,  consists  of  mud  and  sand 
with  much  vegetable  matter  intermixed,  may  be  inferred  from  what  has 

*  For  an  aooount  of  the  **  rank  ootmtry,"  ahaken  by  the  earthquake  of  1811-12; 
see  Lyett's  Second  Yiait  to  the  United  States  ch.  S8. 


S78  MiMBeiFn.— sBPOfinB  or  the  toblta.       [Ck  xvnii 

been  aaid  of  the  abuiMliaoe  of  drift  trees  floated  down  e?ery'Baiiiiiier. 
These  are  seea  matted  together  into  a  net^wcnk  around  the  extennvie 
mud  hanks  at  the  extreme  mouths  of  the  riTer.  Eveiy  one  aequainted 
with  Uie  geography  of  Louisiana  is  aware  that  the  most  southern  part 
of  the  d^lta  fcMrms  a  long  narrow  toi^e  of  land  protruding  for  50  nules 
into,  the  Gulf  of  Mezioo,  at  the  end  of  whidi  are  numerous  ehannds  of 
dischai^.  This  singular  prcmiontory  eonsbts  simply  of  the  river  and 
its  two  loW)  flat  banks,  covered  with  reeds»  young  willows,  and  poplars. 
Its  appearance  answers  precisely  to  that  of  the  banks  far  in  the  intetior» 
when  nothing  appears  above  water  during  mundations  but  the  higher 
part  of  the  sipping  glacis  or  bank.  In  the  one  case  we  have  the  swamps 
or  an  expanse  of  frediwater  with  the  tops  of  trees  appearing  above,  in 
the  other  the  bluish  green  surface  of  the  Gulf  of  Mexico.  An  opinion  has 
very  commonly  prevailed  that  this  narrow  pnwiontoiy,  the  newest  prod- 
uct of  the  river>  has  gained  veiy  rapidly  upon  the  sea»  smce  the  foanda- 
tion  of  New  Orleans ;  but  after  visiting  the  Belize  in  1846,  in  company 
with  Dr.  Carpenter,  and  making  many  inquiries  ef  the  pilots,  and  com* 
paring  the  present  outline  of  the  coast  with  the  exeellent  Spanish  charts 
published  by  Cbarlevouc  120  years  before,  we  came  to  a  different  concla- 
non.  The  rate  of  permanent  advance  of  the  new  land  has  been  very 
slow,  not  exceeding  perhaps  one  mile  in  a  century.  The  gain  may  have 
been  spmewhat  more  rapid  in  former  years,  when  the  new  strip  of  soil 
projected  less  far  mto  the  gulf,  since  it  is  now  much  more  exposed  to 
the  action  of  a  strong  marine  current.  The  tides  also,  when  the  waten 
of  the  river  are  low,  enter  into  each  opening,  and  scour  them  out,  de^ 
stroying  the  banks  of  mud  and  the  sand-bars  newly  formed  during  the 
flood  season. 

An  observation  of  Darby,  in  regard  to  the  strata  composing  part  of 
this  delta,  deserves  attention.  In  the  steep  banks  of  the  Atchafahqra* 
before  alluded  to,  the  following  section,  he  says,  is  observable  at  low 
water:— ^fifst  an  upper  stratum,  consbting  invariably  of  bluish  clay, 
common  to  the  banks  of  the  Mississippi;  below  this  a  stratum  of  red 
ochreous  earth,  peculiar  to  Bed  Biver,  under  which  the  blue  clay  of  the 
Mississippi  again  appears ;  and  this  arrangement  is  constant,  proving,  as 
that  geographer  remarks,  that  the  waters  of  the  Mississippi  and  the  Bed 
Biver  occupied  alternately,  at  some  former  periods,  considerable  tracts 
below  their  present  point  of  union.*  Such  alternations  are  probaUy 
common  in  submarine  spaces  situated  between  two  convei^ing  deltas ; 
for,  before  the  two  rivers  unite,  there  must  almost  always  be  a  certain 
period  when  an  intermediate  tract  will  by  turns  be  occupied  and  aban- 
doned by  the  waters  of  each  stream ;  since  it  can  rarely  happen  that 
the  season  of  highest  flood  will  precisely  correspond  in  each.  In  the 
case  of  the  Bed  Biver  and  Missis^ppi,  which  carry  off  the  waters  from 
countries  placed  under  widely  distant  latitudes,  an  exact  c(»ncidence  in 
the  time  of  greatest  inundation  is  very  improbable. 

*  Dscby'fl  Iiouiuan^  p,  108. 
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The  antiticuty  of  the  delta,  or  length  of  the  period  which  has  heen 
occupied  in  the  deposition  of  so  vast  a  mass  of  alluvial  matter,  is  a 
question  which  may  well  excite  the  curiosity  of  every  geologist  Suf- 
ficient data  have  not  yet  been  obtained  to  afford  a  full  and  satisfactory 
answer  to  the  inquiry,  but  some  approjdmation  may  already  be  made  to 
the  minimum  of  time  required. 

When  I  visited  New  Orieans,  in  February,  1846, 1  found  that  Dr. 
Riddell  had  made  numerous  experiments  to  ascertain  the  proportion  of 
sediment  contained  in  the  waters  of  the  Mississippi ;  and  he  concluded 
that  the  mean  annual  amount  of  solid  matter  was  to  the  water  as  y^z 
in  weight,  or  about  ^^Anr  '°  volume.*  From  the  observations  of  th« 
same  jgentleman,  and  those  of  Dr.  Carpenter  and  Mr.  Forshey,  an  emi- 
nent engineer,  to  whom  I  have  before  alluded,  the  average  width,  depth, 
and  velocity  of  the  Mississippi,  and  thence  the  mean  annual  discharge 
of  water  were  deduced.  I  assumed  528  feet,  or  the  tenth  of  a  mile, 
as  the  probable  thickness  of  the  deposit  of  mud  and  sand  in  the  delta ; 
founding  mj  conjecture  chiefly  on  the  depth  of  the  Qulf  of  Mexico, 
between  the  southern  point  of  Florida  and  the  Balize,  which  equals  on 
an  average  100  fathoms,  and  partly  on  some  borings  600  feet  deep  in 
the  delta,  near  Lake  Pontchartrain,  north  of  New  Orleans,  in  which  the 
bottom  of  the  alluvial  matter  is  said  not  to  have  been  reached.  The 
area  of  the  delta  being  about  13,600  square  statute  miles,  and  the  quan- 
ti^  of  solid  matter  annually  brought  down  by  the  river  3,702,758,400 
cubic  feet,  it  must  have  taken  67,000  years  for  the  formation  of 
the  whole;  and  if  the  alluvial  matter  of  the  plain  above  be  264  feet 
deep,  or  half  that  of  the  delta,f  it  must  have  required  33,500  more 
years  for  its  accumulation,  even  if  its  area  be  estimated  as  only  equal 
to.  that  of  the  delta,  whereas  it  is  in  fact  larger.  K  some  deduction  be 
made  from  the  time  here  stated,  in  consequence  of  the  effect  of  the 
drift-wood,  which  must  have  aided  in  filling  up  more  rapidly  the  space 
above  alluded  to,  a  far  more  important  allowance  must  be  made  on  the 
other  hand,  for  the  loss  of  matter,  owing  to  the  finer  particles  of  mud 

*  The  calculations  here  given  were  communicated  to  the  British  Association, 
in  a  lecture  which  I  delivered  at  Soathampton  in  September,  1846.  (See  Athe- 
lUBum  Journal,  Sept  26,  1846,  and  Report  of  Britisn  Association,  1846,  p.  117.) 
Dr.  Riddell  has  smce  repeated  his  experiments  on  the  cjuantity  of  sediment  in 
the  river  at  New  Orleans  wiUiout  any  material  yariation  m  the  resulta 

Mr.  Forshey,  in  a  memoir  on  the  Physics  of  the  Mississippi,  published  in  1860, 
adopts  Dr.  Riddell*s  estimate  for  the  quantity  of  mud,  but  takes  447,199  cubic 
feet  per  second  as  the  average  discharge  of  water  for  the  year  at  Carrolton,  nine 
mfles  above  New  Orleans,  a  result  deduced  from  thirty  years  of  observations. 
Tlib  beins  oue-tenth  more  Uian  I  had  assumed,  would  add  a  tenth  to  the  sediment^ 
and  would  diminish  by  one-eleventh  the  number  of  years  required  to  accomplish 
the  task  above  alluded  ta  "The  cubic  contents  of  sedimentary  matter,**  says 
Forshey,  **  are  equal  to  4,088,388,888,  and  tliia  sediment  would  annually  cover 
twelve  milee  square  one  foot  deep." 

f  Tlie  Mississippi  is  continually  shifting  its  course  in  the  great  alluvial  plain,, 
cutting  frequently  to  the  depth  of  100,  and  even  sometimes  to  the  depth  of  256* 
feet  As  the  old  channds  become  afterwards  filled  up,  or  in  a  great  degree 
obliterated,  this  excavation  alone  mnst  have  given  a  considerable  depth  to  the 
basin,  which  receives  the  alluvial  deposit,  and  subsidences  like  those  accompany- 
W  the  earthqimke  of  New  Madrid  in  1811-12  may  have  given  still  more  depth. 

18 
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not  settling  at  the  mouths  of  the  riTer,  but  being  swept  out  far  to  sea 
during  the  predominant  action  of  the  tides,  and  the  waves  in  the  winter 
months,  when  the  current  of  fresh  water  is  feeble.  Tet  however  vast 
the  time  during  which  the  Missisdppi  has  been  transporting  its  earthy 
burden  to  the  ocean,  the  whole  period,  though  far  exceeding,  periiaps, 
100,000  years,  must  be  insignificant  in  a  geological  point  of  view,  smce 
the  bluffs  or  cliflb,  bounding  the  great  valley,  and  therefore  older  in 
date,  and  which  are  from  50  to  250  feet  in  perpendicular  height,  con- 
sist in  great  part  of  loam  containing  land,  fluviatile,  and  lacustrine  shdla 
of  species  still  inhabiting  the  same  country.     (See  fig.  23,  p.  265.) 

Before  we  take  leave  of  the  great  delta,  we  may  derive  an  instruct- 
ive lesson  from  the  reflection  that  the  new  deposits  already  formed,  or 
now  accumulating,  whether  marine  or  freshwater,  must  greatly  resem- 
ble in  composition,  and  the  general  character  of  their  oi^nic  remains^ 
many  ancient  strata,  which  enter  largely  into  the  earth's  structure. 
Yet  there  is  no  sudden  revolution  in  progress,  whether  on  the  land  or 
in  the  waters,  whether  in  the  animate  or  the  inanimate  world.  Not- 
withstanding the  excessive  destruction  of  soil  and  uprooting  of  trees, 
the  region  which  yields  a  never-failing  supply  of  drift-wood  is  densely 
clothed  with  noble  forests,  and  is  almost  unrivalled  in  its  power  of  sup- 
porting animal  and  vegetable  ]if(^.  In  spite  of  the  undermining  of  many 
a  lofty  bluff,  and  the  encroachments  of  the  delta  on  the  sea — ^in  spite 
of  the  earthquake,  which  rends  and  fissures  the  sofl,  or  causes  areas 
more  than  sixty  miles  in  length  to  sink  down  several  yards  in  a  few 
months,  the  general  features  of  the  district  remain  unaltered,  or  are 
merely  undergoing  a  slow  and  insensible  change.  Herds  of  wild  deer 
graze  on  the  pastures,  or  browse  upon  the  trees ;  and  if  they  diminish 
in  number,  it  is  only  where  they  give  way  to  man  and  the  domestic 
animals  which  follow  in  his  train.  The  bear,  the  wolf,  the  fox,  the 
panther,  and  the  wild-cat,  still  maintain  themselves  in  the  fastnesses  of 
the  forests  of  cypress  and  gum-tree.  The  racoon  and  the  opossum 
are  everywhere  abundant,  while  the  musk-rot,  otter,  and  mink  still 
frequent  the  livers  and  lakes,  and  a  few  beavers  and  buffiiloes  have  not 
yet  been  driven  from  their  ancienC  haunts.  The  waters  teem  with  afi- 
gators,  tortoises,  and  fish,  and  their  surface  is  covered  with  millions  of 
migratory  waterfowl,  which  perform  their  annual  voyage  between  the 
Canadian  lakes  and  the  shwes  of  the  Mexican  Gulf.  The  power  <^ 
man  begins  to  be  sensibly  felt,  and  many  parts  of  the  wilderness  to  be 
replaced  by  towns,  orchiutls,  and  gardens.  The  gilded  steamboats,  like 
moving  palaces,  stem  the  force  of  the  current,  or  shoot  rapidly  down 
the  descending  stream,  through  the  solitudes  of  the  forests  and  prai- 
ries. Ah-eady  does  the  flourishing  populadon  of  the  great  valley  for 
exceed  that  of  the  thirteen  United  States  when  first  they  declared  their 
independence.  Such  is  the  state  of  a  continent  where  trees  and  stonos 
are  hurried  annually  by  a  thousand  torrents,  from  the  mountains  to  the 
plains,  and  where  sand  and  finer  matter  are  swept  down  by  a  vast  eor- 
4«ttt  to  the  sea^  together  with  the  wreck  of  countless  forests  and  tlie 
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bones  of  ftiumals  which  perish  in  the  inundactions.  When  these  mate* 
rials  reach  the  gulf,  they  do  not  render  the  waters  unfit  for  aquadc  ani 
mals ;  but  on  the  contrary,  the  ocean  here  swarms  with  life,  as  it  gen- 
erally does  where  the  mflux  of  a  great  river  furnishes  a  copious  supply 
of  organic  and  mineral  matter.  Yet  many  geologbts,  when  they  behold 
the  spoils  of  the  land  heaped  in  successtre  strata,  and  blended  confus- 
edly with  the  remains  of  fishes,  or  mterspersed  with  broken  shells  and 
corals ;  when  they  see  portions  of  erect  trunks  of  trees  with  their  roots 
still  retaining  their  natural  position,  and  one  tier  of  these  preserved 
in  a  fossil  state  above  another,  imagine  that  they  are  viewing  the  signs 
of  a  turbulent  instead  of  a  tranquil  and  settled  state  of  the  planet. 
Th^  read  in  such  phenomena  the  proof  of  chaotic  disorder  and  reiter- 
ated catastrophes,  instead  of  indications  of  a  surface  as  habitable  as  the 
most  deticious  and  fertile  districts  now  tenanted  by  man. 


DELTA   OF  THE   OAKOE8   AND   BRAHMAPOOTRA. 

As  an  example  of  a  still  larger  delta  advancing  upon  the  sea  in  :»ppo- 
»tion  to  more  powerful  tides,  I  shall  next  describe  that  of  ^e  Ganges 
and  Brahmapootra  (or  Burrampooter).  These,  the  two  principal  rivers 
of  India,  descend  from  the  highest  mountains  in  the  world,  and  partial- 
ly mingle  their  waters  in  the  low  pliuns  of  Hindostan,  before  reaching 
the  head  of  the  Bay  of  Bengal.  The  Brahmapootra,  somewhat  the 
larger  of  the  two,  formerly  passed  to  the  east  of  Dacca,  even  so  lately 
as  the  beginning  of  the  present  century,  pouring  most  of  its  waters  into 
one  of  the  numerous  channels  in  the  delta  called  "  the  Megna/*     By 
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that  name  the  main  stream  was  always  spoken  of  by  Rennell  and  others 
in  their  memoirs  on  this  region.  But  the  main  trunk  now  unites  with 
an  arm  of  the  Ganges  considerably  higher  up,  at  a  point  about  100 
miles  distant  from  the  sea;  and  it  is  constantly,  according  to  Dr.  Hook- 
er, working  its  way  westward,  having  formerly,  as  may  be  seen  by 
ancient  maps,  moved  eastward  for  a  long  period. 

The  area  of  the  delta  of  the  combined  rivers,  for  it  is  impossible  now 
to  distinguish  what  belongs  to  each,  is  considerably  more  than  double 
that  of  the  Nile,  even  if  we  exclude  from  the  delta  a  lai^e  extent  of 
low,  flat,  alluvial  plain,  doubtless  of  fluviatile  origin,  which  stretches 
more  than  100  miles  to  the  hills  west  of  Calcutta  (see  map,  fig.  25), 
and  much  farther  in  a  northerly  direction  beyond  the  head  of  the  great 
delta.  The  head  of  a  delta  is  that  point  where  the  first  arm  is  given  oflf. 
Above  that  point  a  river  receives  the  waters  of  tributaries  flowing  from 
higher  levels ;  below  it,  on  the  contrary,  it  gives  out  portions  of  its 
waters  to  lower  levels,  through  channels  which  flow  into  adjoining 
swamps,  or  which  run  directly  to  the  sea.  The  Mississippi,  as  before 
described,  has  a  single  head,  which  originated  at  an  unlmown  period 
when  the  Red  River  joined  it.  In  the  great  delta  of  Bengal  there  may 
be  said  to  be  two  heads  nearly  equidistant  from  the  sea,  that  of  the 
Ganges  (o,  map,  ^g.  25),  about  80  miles  below  Rajmahal,  or  216  stat- 
ute miles  in  a  direct  line  from  the  sea,  and  that  of  the  Brahmapootra 
(b),  below  Chirapoonjee,  where  the  river  issues  from  the  Khasia  moun- 
tains, a  dbtance  of  224  miles  from  the  Bay  of  Bengal. 

It  will  appear,  by  reference. to  the  map,  that  the  great  body  of  fresh 
water  derived  from  the  two  rivers  enters  the  bay  on  its  eastern  side ; 
and  that  a  large  part  of  the  delta  bordering  on  the  sea  is  composed  of 
a  labyrinth  of  rivers  and  creeks,  all  filled  with  salt  water,  except  those 
immediately  communicating  with  the  Hoogly,  or  principal  arm  of  the 
Ganges.  This  tract  alone,  known  by  the  name  of  the  Woods,  or  Sun- 
derbunds  (more  properly  Soonderbuns),  a  wilderness  infested  by  tigers 
and  crocodiles,  is,  according  to  Rennell,  equal  in  extent  to  the  whole 
principality  of  Wales.* 

On  the  sea-coast  there  are  eight  great  openings,  each  of  which  has 
evidently,  at  some  ancient  period,  served  in  its  turn  as  the  principal 
channel  of  discharge.  Although  the  flux  and  reflux  of  the  tide  extend 
even  to  the  heads  of  the  delta  when  the  rivers  are  low,  yet,  when  they 
are  periodically  swollen  by  tropical  rains,  their  volume  and  velocity 
counteract  the  tidal  current,  so  that,  except  very  near  the  sea,  the  ebb 
and  flow  become  insensible.  During  the  flood  season,  therefore,  the 
Ganges  and  Brahmapootra  almost  assume  in  their  delta,  the  character  of 
rivers  entering  an  inland  sea ;  the  movements  of  the  ocean  being  then 
subordmate  to  the  force  of  the  rivers,  and  only  slightly  disturbing  their 
operations.  The  great  gain  of  the  delta  in  height  and  area  takes  place 
during  the  inundations ;    and,  during  other  seasons  of  the  year,  the 

•  Aoooant  of  the  GangeB  and  Barnunpooter  riven,  by  Major  Rennell,  Phil 


O&Xyni]  DBLTA.  OF  THE  GAJTOia.  277 

ocean  makes  reprisals,  sconring  out  the  channels,  and  someliknes  de- 
▼onring  rich  allavial  plains. 

Islands  farmed  and  destroyed. — Major  R.  H.  Colebrooke,  in  his 
account  of  the  coarse  of  the  Ganges,  relates  examples  of  the  rapid 
filling  up  of  some  of  its  branches,  and  the  excavation  of  new  channels, 
where  the  number  of  square  miles  of  soil  removed  in  a  short  time  (the 
column  of  earth  being  114  feet  high)  was  truly  astonishing.  Forty 
square  miles,  or  25,600  acres,  are  mentioned  as  having  been  carried 
away,  in  one  place,  in  the  course  of  a  few  years.*  The  immense  trans- 
portation of  earthy  matter  by  the  Ganges  and  Brahmapootra  is  proved 
by  the  great  magnitude  of  the  islands  formed  in  their  channels  during 
a  period  far  short  of  that  of  a  man's  life.  Some  of  these,  many  miles 
in  extent,  have  originated  in  large  sand-banks  thrown  up  round  the 
points  at  the  angular  turning  of  the  rivers,  and  afterwards  insulated 
by  breaches  of  the  streams.  Others,  formed  in  the  main  channel, 
are  caTised  by  some  obstruction  at  the  bottom.  A  large  tree,  or  a 
sunken  boat,  is  sometimes  sufficient  to  check  the  current,  and  cause  a 
deposit  of  sand,  which  accumulates  till  it  usurps  a  considerable  portion 
of  the  channel.  The  river  then  undermines  its  banks  on  each  side,  to 
supply  the  deficiency  in  its  bed,  and  the  island  is  afterwards  raised  by 
fresh  deposits  during  every  flood.  In  the  great  gulf  below  Luckipour, 
formed  by  the  united  waters  of  the  Ganges  and  Megna,  some  of  the 
islands,  says  Rennell,  rival  in  size  and  fertility  the  Isle  of  Wight. 
While  the  river  is  forming  new  islands  in  one  part,  it  is  sweeping  away 
old  ones  m  others.  Those  newly  formed  are  soon  overrun  with  reeds, 
long  grass,  the  Tamarix  Indica,  and  other  shrubs,  forming  impenetra- 
ble thickets,  where  the  tiger,  the  rhinoceros,  the  buflyo,  deer,  and  other 
wild  animals,  take  shelter.  It  is  easy,  therefore,  to  perceive,  that  both 
animal  and  vegetable  remains  may  occasionally  be  precipitated  into  the 
flood,  and  become  imbedded  in  the  sediment  which  subsides  in  the  delta. 

Three  or  four  species  of  crocodile,  of  two  distinct  sub-genera,  abound 
in  the  Ganges,  and  its  tributary  and  contiguous  waters ;  and  Mr.  H.  T. 
Colebrooke  informed  me,  that  he  had  seen  both  forms  in  places  far 
inland,  many  hundred  miles  from  the  sea.  The  Gangetic  crocodile,  or 
Gavial  (in  correct  orthography,  Garial),  is  confined  to  the  fresh  water, 
firing  exclusively  on  fish,  but  the  commoner  kinds,  called  Eoomiah  and 
Muggar,  frequent  both  fresh  and  salt,  being  much  larger  and  fiercer  in 
^t  and  brackish  water.f  These  animals  swarm  in  the  brackish  water 
along  the  line  of  sand- banks,  where  the  advance  of  the  delta  is  most 
rapid.     Hundreds  of  them  are  seen  together  in  the  creeks  of  the  delta, 

•  Trana  of  the  Asiatic  Society,  vol  viL-  p  14. 

f  Cuvier  referred  the  true  crocodiles  of  the  Oaqg^s  to  a  aingle  species,  O.  hipor- 
ealuB.  But  I  learn  from  Dr.  Falconer  that  there  are  three  well-marked  8pecie^ 
C.  hiporeaiiu,  O.  pal^tntrU,  and  C,  bombi/rons.  O.  bombifron$  occars  m  the 
narthsm  branches  of  the  Ganges,  1000  miles  from  Calcutta;  C.  bipareatuB  ap- 
pears to  be  confined  to  the  estuary;  and  C7.  paluatrU,  to  range  from  the  estuary 
to  the  central  parts  of  Bengal  The  garial  is  found  along  with  O.  bombifrcn*  io 
the  Dordi,  and  descends  to  the  region  of  C,  biporcatui  in  the  estuary. 
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or  basking  in  the  sun  on  t^e  Bhoala  without  They  will  attack  men 
and  cattle,  destroying  the  natives  when  bathing,  and  tame  and  wild 
animals  which  come  to  drink.  "I  hare  not  unfrequently/'  says  Mr. 
Colebrooke,  *'  been  witness  to  the  horrid  spectacle  of  a  floating  corpse 
seized  by  a  crocodile  with  such  avidity,  that  he  half  emeiged  above  the 
water  with  his  prey  in  his  mouth."  The  geologist  will  not  fail  to  ob- 
serve how  peculiarly  the  habits  and  distribution  of  these  saurians  expose 
them  to  become  imbedded  in  the  horizontal  strata  of  fine  mud,  which 
are  annually  deposited  over  many  huiidred  square  miles  in  the  Bay  of 
Bengal.  The  inhabitants  of  the  land,  which  happen  to  be  drowned  or 
thrown  into  the  water,  are  usually  devoured  by  these  voracious  reptiles ; 
but  we  may  suppose  the  renuuns  of  the  saurians  themselves  to  be  con- 
tinually entombed  in  the  new  formations.  The  number,  also,  of  bodies 
of  the  poorer  class  of  Hindoos  thrown  annually  into  the  Ganges  is  so 
great,  that  some  of  their  bones  or  skeletons  can  hardly  fail  to  be  occa- 
sionally enveloped  in  fluviatile  mud. 

It  sometimes  happens,  at  the  season  when  the  periocUcal  flood  is  at 
its  height,  that  a  strong  gale  of  wind,  conspiring  with  a  high  spring- 
tide, checks  the  descending  current  of  the  river,  and  gives  rise  to  most 
destructive  inundations.  From  this  cause,  in  1763,  the  waters  at  Lucki- 
pour  rose  six  feet  above  their  ordinary  level,  and  the  inhabitants  of  a  con- 
siderable district,  with  their  houses  and  cattle,  were  totally  swept  away. 

The  population  of  all  oceanic  deltas  are  particularly  exposed  to  suflfer 
by  such  catastrophes,  recurring  at  considerable  intervals  of  time ;  and 
we  may  safely  assume  that  such  tragical  events  have  happened  again 
and  again  since  the  Gangetic  delta  was  inhabited  by  man.  If  human 
experience  and  forethought  cannot  always  guard  against  these  calami- 
ties, still  less  can  the  inferior  animals  avoid  them ;  and  the  monuments 
of  such  disastrous  inundations  must  be  looked  for  in  great  abundance  in 
strata  of  all  ages,  if  the  surface  of  our  planet  has  always  been  governed 
by  the  same  laws.  When  we  reflect  on  the  general  order  and  tranquil- 
hty  that  reigns  in  the  rich  and  populous  delta  of  Bengal,  notwithstand- 
ing the  havoc  occasionally  committed  by  the  depredations  of  the  ocean, 
we  perceive  how  unnecessary  it  is  to  attribute  the  imbedding  of  succes- 
sive races  of  animals  in  older  strata  to  extraordinary  energy  in  the 
causes  of  decay  and  reproduction  in  the  infancy  of  our  planet,  or  to  those 
general  catastrophes  and  sudden  revolutions  so  often  resorted  to. 

Deposits  in  the  delta, — The  quantity  of  mud  held  in  siispension  by 
the  waters  of  the  Ganges  and  Brahmapootra  is  found,  as  might  be  ex- 
pected, to  exceed  that  of  any  of  the  rivers  alluded  to  in  this  or  the  pre- 
ceding chapters ;  for,  in  the  first  place,  their  feeders  flow  from  moun- 
tains of  unrivalled  altitude,  and  do  not  clear  themselv^  in  any  lakes, 
as  does  the  Rhine  in  the  Lake  of  Constance,  or  the  Rhone  in  that  of  Ge- 
neva. And,  'secondly,  their  whole  course  is  nearer  the  equator  than  that 
of  the  Mississippi,  or  any  great  river,  respecting  which  careful  experi- 
ments have  been  made,  to  determine  the  quantity  of  its  water  and 
earthy  contents.    The  fall  of  rain,  moreover,  as  we  have  before  seen,  is 
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excessive  on  the  southem  flanks  of  the  first  range  of  mountains  which 
rise  from  the  plains  of  Hindostan,  and  still  more  remarkable  is  the  quan- 
tity sometimes  poured  down  in  one  day.  (See  above,  p.  200.)  The 
•ea,  where  the  Ganges  and  Brahmapootra  discharge  their  main  stream  at 
the  flood  season,  only  recovers  its  transparency  at  the  distance  of  from 
60  to  100  miles  from  the  delta ;  and  wi  may  take  for  granted  that  the 
current  continues  to  transport  the  finer  particles  much  farther  south 
than  where  the  surface  water  first  becomes  clear.  The  general  slope, 
therefore,  of  the  new  strata  must  be  extremely  gentle.  According  to 
the  best  charts,  there  is  a  gradual  deepening  from  four  to  about  sixty 
iathoms,  as  we  proceed  from  the  base  of  the  delta  to  the  distance  of 
about  one  hundred  miles  into  the  Bay  of  BengaL  At  some  few  points 
seventy,  or  even  one  hundred,  fathoms  are  obtained  at  that  distance. 

One  remarkable  exception,  however,  occurs  to  the  regularity  of  the 
shape  of  the  bottom.  Opposite  the  middle  of  the  delta,  at  the  distance 
of  thirty  or  forty  miles  fkom  the  coast,  a  deep  submarine  valley  occurs, 
called  the  ''swatch  of  no  ground,"  about  fifteen  miles  in  diameter, 
where  soundings  of  180,  and  even  300,  fathoms  fail  to  reach  the 
bottom.  (See  map,  p.  275.)  This  phenomenon  is  the  more  extraordi- 
nary, since  the  depression  runs  north  to  within  five  miles  of  the  line  of 
shoals ;  and  not  only  do  the  waters  charged  with  sediment  pass  over 
it  continually,  but,  during  the  monsoons,  the  sea,  loaded  with  mud  and 
sand,  is  beaten  back  m  that  direction  towards  the  delta.  As  the  mud 
B  known  to  extend  for  eighty  miles  farther  into  the  gulf,  an  enormous 
thickness  of  matter  must  have  been  deposited  in  "  the  swatch."  We 
may  conclude,  therefore,  either  that  the  original  depth  of  thia  part  of 
the  Bay  of  Bengal  was  excessive,  or  that  subsidences  have  occurred  in 
modem  times.  The  latter  conjecture  is  the  less  hnprobable,  as  the 
whole  area  of  the  delta  has  been  convulsed  in  .the  historical  era  by 
earthquakes,  and  actual  subsidences  have  taken  place  in  the  neighboring 
coast  of  Chittagong,  while  "  the  swatch"  lies  not  far  from  the  volcanic 
band  which  connects  Sumatra,  Barren  Island,  and  Ramree.* 

Opposite  the  mouth  of  the  Hoogly  river,  and  immediately  south  of 
Saugor  Island,  four  miles  from  the  nearest  land  of  the  delta,  a  new  islet 
was  formed  about  twenty  years  ago,  called  Edmonstone  Island,  on  the 
centre  of  which  a  beacon  was  erected  as  a  landmark  in  1817.  In  1818 
the  island  had  become  two  miles  long  and  half  a  mile  broad,  and  was 
covered  with'vegetation  and  shrubs.  Some  houses  were  then  built  upon 
it,  and  in  1820  it  was  used  as  a  pilot  station.  The  severe  gale  of  182S^ 
divided  it  into  two  parts,  and  so  reduced  its  size  as  to  leave  the  beacon 
standing  out  in  the  sea,  where,  after  remaining  seven  years,  it  was  washed 
away.  The  islet  in  1836  had  been  converted  by  successive  storms  into 
a  suid-bank,  half  a  mile  long,  on  which  a  sea-mark  was  placed. 

Although  there  is  evidence  of  gain  at  some  pomts,  the  general  pro- 
gress of  1^  coast  is  very  slow ;  for  the  tides,  when  the  river  water  is 
low,  are  actively  employed  in  removing  alluvial  matter.    In  the  Sun- 

•  8Mbek>w,ch.2aaiidS9. 
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derbunds  the  usual  rise  and  fall  of  the  tides  is  no  more  than  eight  feet, 
but,  on  the  east  side  of  the  delta,  Dr.  Hooker  observed,  in  the  winter  of 
1851,  a  rise  of  from  sixty  to  eighty  feet,  producing  among  the  islands  at 
the  mouths  of  the  Megna  and  Fenny  rivers,  a  lofty  wave  or  **  bore*'  as 
they  ascend,  and  causing  the  river  water  to  be  ponded  back,  and  then 
to  sweep  down  with  great  violence  when  the  tide  ebbs.  The  bay  for 
forty  miles  south  of  Chittagong  is  so  fresh  that  neither  algse  nor  man- 
groves will  grow  in  it.  We  may,  therefore,  conceive  how  effective  may 
be  the  current  formed  by  so  great  a  volume  of  water  in  dispersing  fine 
mud  over  a  wide  area.  Its  power  is  sometimes  augmented  by  the 
agitation  of  the  bay  during  hurricanes  in  the  month  of  May.  The  new 
superficial  strata  consists  entirely  of,  fine  sand  and  mud  ;  such,  at  least, 
are  the  only  materials  which  are  exposed  to  view  in  regular  beds  on  the 
banks  of  the  numerous  creeks.  Neither  here  or  higher  up  the  Ganges, 
could  Dr.  Hooker  discover  any  land  or  freshwater  shells  n  sections  of 
the  banks,  which  in  the  plains  higher  up  sometimes  form  cliffs  eighty 
feet  in  height  at  low  waiter.  In  like  manner  I  have  stated*  that  I  was 
unable  to  find  any  buried  shells  in  the  delta  or  modem  river  cliflBi  of 
the  Mississippi. 

No  substance  so  coarse  as  gravel  occurs  in  any  part  of  the  delta  of 
the  Ganges  and  Brahmapootra,  nor  nearer  the  sea  than  400  miles.  Yet 
it  is  remarkable  that  the  boring  of  an  Artesian  well  at  Fort  William, 
near  Calcutta,  in  the  years  1835-1840,  displayed,  at  the  depth  of  120 
feet,  clay  and  sand  with  pebbles.  This  boring  was  carried  to  a  depth 
of  481  feet  below  the  level  of  Calcutta,  and  the  geological  section  ob- 
tained in  the  operation  has  be^n  recorded  with  great  care.  Under  the 
surface  soil,  at  a  depth  of  about  ten  feet,  they  came  to  a  stiff  blue  day 
about  forty  feet  in  thickness  ;  below  which  was  sandy  clay,  containing 
in  its  lower  portion  abundance  of  decayed  vegetable  matter,  which  at 
the  bottom  assumed  the  character  of  a  stratum  of  black  peat  two  feet 
thick.  This  peaty  mass  was  considered  as  a  clear  indication  (like  the 
"dirt-bed"  of  Portland)  of  an  ancient  terrestrial  surface,  with  a  forest 
or  Sunderbund  vegetation.  Logs  and  branches  of  a  red-colored  wood 
occur  both  above  and  immediately  below  the  peat,  so  little  altered  that 
Dr.  Wallich  was  able  to  identify  them  with  the  Soondri  tree,  Heridera 
littoralis,  one  of  the  most  prevalent  forms  at  the  base  of  the  delta.  Dr. 
Falconer  tells  me  that  similar  peat  has  been  met  with  at  other  pomts 
round  Calcutta  at  the  depth  of  nine  feet  and  twenty-five  feet  It 
Appears,  therefore,  that  there  has  been  a  sinking  down  of  what  was 
originally  land  in  this  region,  to  the  amount  of  seventy  feet  or  more  per^ 
pendicular ;  for  Calcutta  is  only  a  few  feet  above  the  level  of  the  sea, 
and  the  successive  peat-beds  seem  to  imply  that  the  subsidence  of  the 
ground  was  gradual  or  interrupted  by  several  pauses.  Below  the  vege- 
table mass  they  entered  upon  a  stratum  of  yellowish  clay  about  ten  feet 
thick,  contuning  horizontal  layers  of  kunkar  (or  kankar),  a  nodular,  con- 
cretionary, argillaceous  limestone,  met  with  abundantly  at  greater  ot 
•  SeooDd  Vint  to  the  United  SUtea,  vol  it  p.  146. 
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less  depths  in  all  parte  of  the  vallej  of  the  Ganges,  over  many  thousand 
sqaare  miles,  and  always  presentii^^  the  same  characters,  even  at  a  dis- 
tance of  one  thousand  miles  north  of  Calcutta.  Some  of  this  kunkar  is 
said  to  be  of  very  recent  origin  in  deposite  formed  by  river  inundations 
near  Saharanpoor.  After  penetrating  120  feet,  they  found  loam  con- 
taining water-worn  fragmente  of  mica-slate  and  other  kinds  of  rock, 
which  the  current  of  the  Ganges  can  no  longer  transport  to  this  region. 
In  the  various  beds  pierced  through  below,  consisting  of  clay,  marl, 
and  friable  sandstone,  with  kunkar  here  and  there  intermixed,  no  organic 
remains  of  decidedly  marine  origin  were  met  with.  Too  positive  a  con- 
elusion  ought  not,  it  is  true,  to  be  drawn  from  such  a  fact,  when  we 
consider  the  narrow  bore  of  the  auger  and  ite  effect  in  crushing  shells 
and  bones.  Nevertheless,  it  is  worthy  of  remark,  that  the  only  fossils 
obtained  in  a  recognizable  state  were  of  a  fluviaUle  or  terrestrial  charac- 
ter. Thus,  at  the  depth  of  350  feet,  the  bony  shell  of  a  tortoise,  or 
trionyz,  a  freshwater  genus,  was  found  in  sand,  resembling  the  living 
species  of  Bengal.  From  the  same  stratum,  also,  they  drew  up  the  lower 
half  of  the  humerus  of  a  ruminant,  at  first  referred  to  a  hyaena.  It  was 
the  size  and  shape,  says  Dr.  Falconer,  of  the  shoulder-bone  of  the  Cervtu 
paranui,  or  common  hog-deer,  of  India.  At  the  depth  of  380  feet, 
clay  with  fmgmente  of  lacustrine  shells  was  incumbent  on  what  appears 
elearly  to  have  been  another  "  dirt-bed,''  or  stratum  of  decayed  wood, 
implying  a  period  of  repose  of  some  duration,  and  a  forest-covered  land, 
which  must  have  subsided  800  feet,  to  admit  of  the  subsequent  super- 
position of  the  overlying  deposite.  It  has  been  conjectured  that,  at 
the  time  when  this  area  supported  trees,  the  land  extended  much  far- 
ther out  into  the  Bay  of  Bengal  than  now,  and  that  in  later  times  the 
Ganges,  while  enlarging  ite  delta,  has  been  only  recovering  lost  ground 
from  the  sea 

At  the  depth  of  about  400  feet  below  the  surface,  an  abrupt  change 
was  observed  in  the  character  of  the  strata,  which  were  composed  in 
grreat  part  of  sand,  shingle,  and  boulders,  the  only  fossils  observed  being 
the  vertebrse  of  a  crocodile,  shell  of  a  trionyx,  and  fragmente  of  wood 
very  little  altered,  and  similar  to  that  buried  in  beds  far  above.  These 
gravelly  beds  constituted  the  bottom  of  the  section  at  the  depth  of  481 
feet,  when  the  operations  were  discontinued,  in  consequence  of  an  acci- 
dent which  happened  to  the  auger. 

The  occurrence  of  pebbles  at  the  depths  of  120  and  400  feet  implies 
an  important  change  in  the  geographical  condition  of  the  region  around 
or  near  Calcutta.  The  fall  of  the  river,  or  the  general  slope  of  the  aUu- 
vial  plain  may  have  been  formerly  greater ;  or,  before  a  general  and  per- 
haps unequal  subsidence,  hills  once  nearer  the  present  base  of  the  delta 
may  have  risen  several  hundred  feet,  forming  islands  in  the  bay,  which 
may  have  sunk  gradually,  and  become  buried  under  fluviatile  sediment. 

AnUquiiy  of  the  delta. — ^It  would  be  a  matter  of  no  small  scientific  in- 
terest, if  experimente  were  made  to  enable  us  to  determine,  with  some 
degree  of  accuracy,  the  mean  quantity  of  earthy  matter  discharged  an- 
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nuaUy  into  the  sea  b^  tbe  united  wateni  of  the  Oanges  and  Braliiaapoo* 
tra.  Tbe  Ber.  Mr.  iSyereit  iostituied,  in  1881-2,  a  series  of  obserya- 
tions  on  the  eaitby  matter  brought  down  by  tbe  Ganges,  at  Qbaiepoor^ 
dOO  miles  from  the  sea.  He  found  that^  ii\  1881,  the  number  of  cubic 
feet  of  water  dischaiged  by  tbe  river  per  second  at  that  place  waa, 
during  the 

Rains  (4  months) 404,208 

Wipter  (5  months) 71,200 

Hot  weather  (8  months) 86,330 

so  that  we  may  state,  in  round  numbers  that  500,000  cuUc  feet  per 
second  flow  down  during  the  four  months  of  the  flood  season,  bom 
June  to  September,  and  less  than  60,000  per  second  during  the  remain- 
ing eight  months. 

The  average  quantity  of  solid  matter  suspended  in  the  water  during 
the  nuns  was,  by  weight,  ^^th  part;  but  as  the  water  is  about  ope- 
half  the  specific  gravity  of  ^e  dried  mud,  the  solid  matter  discbatged  is 
)r^h  part  in  bulk,  or  577  cubic  feet  per  second.  This  gives  a  total  of 
6,082,041,600  cubic  feet  for  the  discharge  in  the  122  days  of  the  nun. 
The  proportion  of  sediment  in  the  waters  at  other  seasons  was  compara- 
tively insignificant,  the  total  amount  during  the  five  winter  months  being 
only  247,881,600  cubic  feet^  and  during  the  three  months  of  hot  weather 
88,154,240  cubic  feet.  The  total  annual  diseharge,  then,  would  be 
6,868,077,440  cubic  feet. 

This  quantity  of  mud  would  in  one  year  raise  a  surfiice  of  228^ 
square  miles,  or  a  square  space,  each  side  of  which  should  measure  15 
ndles,  a  height  of  one  foot.  To  give  some  idea  of  the  magnitude  of  diis 
result,  we  will  assume  that  the  specific  gravity  of  the  dried  mud  is  only 
one-half  that  of  granite  (it  would,  however,  be  more) ;  in  that  case,  the 
earthy  matter  dischaiged  in  a  year  would  equal  3,184,038,720  cubic 
feet  of  granite.  Now  about  12|  cnUc  feet  of  granite  weigh  one  ton ; 
and  it  is  computed  that  the  great  Pyramid  of  Egypt,  if  it  were  a  solid 
mass  of  granite,  would  weigh  about  600,000,000  tons.  The  mass  of 
matter,  therefore,  carried  down  annually  would,  according  to  this  esti- 
mate, more  than  equal  in  weight  and  bi^k  forty-two  of  the  grreat  pyra* 
mids  of  E^pt,  and  that  borne  down  in  the  four  months  of  the  rains 
woukl  equal  forty  pyramids.  But  if,  without  any  conjecture  as  to  what 
may  have  been  the  specific  gravity  of  the  mud,  we  attend  merely  to  the 
weight  of  solid  matter  actually  proved  by  Mr.  Everest  to  have  been 
contained  in  the  water,  we  find  that  the  number  of  tons  wdgbt  which 
passed  down  in  the  122  days  of  the  rainy  season  was  839,413,760, 
which  would  give  the  weight  of  fifty-six  pyramids  and  a  half;  and  in 
the  whole  year  855,861,464  tons,  or  nearly  the  weight  of  sixty  pyramids. 

The  base  of  the  great  Pyramid  of  Egypt  coven  eleven  acres,  and  its 
perpendidito  height  is  about  five  hundred  feet.  It  is  scarcely  possible 
to  present  any  picture  to  the  mind  which  will  convey  an  adequate  con- 
ception of  tlw  mighty  scale  of  this  operation,  so  tranquilly  and  almost 
insensibly  carried  on  by  the  Qanges,  as  it  glides  through  its  alluvial 


0&  xvm]       sEsmtsar  m  watbw  of  BBAHMAPOontA.        S88 

plam,  even  at  a  diatance  of  d.00  miles  from  the  sea.  It  may«  oowefer, 
be  8^ted«  that  if  a  fleet  of  more  thaa  eighty.  Indiamen,  each  fteigbtisd 
with  about  1400  tooa'  weight  of  mud«  were  to  sail  down  the  riyer  ereiy 
hour  of  every  day  and  .night  for  four  months  continnons^y,  they  would 
only  transport  from  the  higher  country  to  the  sea  a  mass  of  solid  matter 
equal  to  that  borne  down  by  the  Ganges^  even  in  this  jNirt  ci  its  course* 
in  the  four  months  of  the  flood  season.  Or  the  exertions  of  a  fleet  of 
about  2000  such  ships  going  down  daily  with  the  same  hurden,  and 
discharging  it  into  the  gulf»  weald  be  no  more  than  equiralent  to  the 
operations  of  the  great  riyer. 

The  most  voluminous  current  of  lava  which  has  flowed  from  Etna 
within  historical  times  was  that  of  1669.  Fenrava,  after  correcting 
Borelii's  estimate,  calculated  the  quantity  of  cubic  yards  of  lava  in  thk 
current  at  140,000,000.  Now,  this  would  not  equal  in  bulk  one-fifth 
of  the  sedimentary  matter  which  is  carried  down  in  a  single  year  hf  the 
Ganges,  past  Ghazepoor,  according  to  the  estimate  above  explained ;  so 
that  it  would  require  five  grand  eruptions  of  £tna  to  transfer  a  mass  of 
lava  from  the  subterranean  regions  to  the  surface,  equal  in  voLume  to 
the  mud  carried  down  in  one  year  to  that  place. 

Captain  B.  Strachey,  of  the  Bengal  Engineers^  has  remarked  to  me, 
not  only  that  Ghazepoor,  where  Mr.  Everest's  observations  were  made, 
is  500  miles  from  the  sea,  but  that  the  Ganges  has  not  been  jomed  there 
by  its  most  important  feeders.  These  drain  upon  the  wIm^c  760  miles 
of  the  Himalaya,  and  no  more  than  160  miles  of  that  mountain«chain 
have  sent  their  contributions  to  the  main  trunk  at  Ghasepoor.  Below 
that  place,  the  Ganges  is  joined  by  the  Gogra,  Gunduk,  Khosee,  and 
Teesta  from  the  north,  to  say  nothing  of  the  8one  flowing  from  the 
south,  one  of  the  largest  of  the  riven  which  rise  in  the  table-land  of 
centrsl  India.  (See  map,,  fig.  25,  p.  275.)  Moreover  the  remaining  600 
miles  of  the  Himalaya  comprise  that  eastern  portion  of  the  basin  where 
the  rains  are  heaviest.  (See  above,  p.  200.)  The  quantity  of  water 
therefore  carried  down  to  the  sea  may  probably  be  four  or  five  times  as 
much  as  that  which  passes  Ghasepoor. 

The  Brahmapootra,  according  to  Major  Wilcox,*  in  the  month  of 
January,  when  it  is  near  its  minimum^  discharges  150,000  cubic  feet  of 
water  per  second  at  Gwalpara,  not  many  miles  above  the  head  of  its 
delta.  Taking  the  proportions  observed  at  Ghazepoor  at  the  difierent 
seasons  as  a  guide,  the  probable  average  discharge  of  the  Brahmapootra 
for  the  whole  year  may  be  estimated  at  about  the  same,  as  that  of  the 
Ganges.  Assuming  this;  and  secoi^dly,  in  order  to  avoid  the  risk  of 
exaggeration,  that  the  proportion  of  sediment  in  th^  waters  is  about  a 
third  less  than  Mr.  Everest'a  estimate,  the  mud  borne  down  to  the  Bay 
of  Bengal  in  one  year  would  equal  40,000  millions  of  cubic  feet,  or  be- 
tween six  and  seven  times  as  much  as  that  brought  down  to  Ghasepoor, 
according  to  Mr.  Everest's  calculations  vol  18S1,  and  ten  times  as  much 
as  that  conveyed  annually  by  the  Mississippi  to  the  Gulf  of  Mexico. 
*  Aastie  Btisarfhct^  vdL  xyii  p.  4Sd. 
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Captain  Strachey  estimates  the  annually  inundated  portion  of  the 
delta  at  250  miles  in  length  by  80  in  breadth,  making  an  afea  of  20,00C 
square  miles.  The  space  south  of  this  in  the  bay,  where  sediment  is 
thrown  down,  may  be  300  miles  from  E.  to  W.  by  150  N.  and  S.,  or 
45,000  square  miles,  which,  added  to  the  former,  gives  a  surface  of 
65,000  square  miles,  over  which  the  sediment  is  spread  out  by  the  two 
rivers.  Suppose  then  the  solid  matter  to  amount  to  40,000  millions  of 
cubic  feet  per  annum,  the  deposit,  he  observes,  must  be  continued  for 
forty-five  years  and  three-tenths  to  raise  the  whole  area  a  height  of  one 
foot,  or  13,600  years  to  raise  it  300  feet ;  and  this,  as  we  have  seen,  is 
much  less  than  the  thickness  of  the  fluviatUe  strata  actually  penetrated, 
(and  the  bottom  not  reached^  by  the  auger  at  Calcutta. 

Nevertheless  we  can  by  no  means  deduce  from  these  data  alone,  what 
will  be  the  future  rate  of  advance  of  the  delta,  nor  even  predict  whether 
the  land  will  gain  on  the  sea,  or  remain  stationary.  At  the  end  ot 
13,000  years  the  bay  may  be  less  shallow  than  now,  provided  a  moder- 
ate depression,  corresponding  to  that  experienced  in  part  of  Greenland 
for  many  centuries  shall  take  place  (see  chap.  30).  A  subsidence  quite 
insensible  to  the  inhabitants  of  Bengal,  not  exceeding  two  feet  three 
inches  in  a  century,  would  be  more  than  sufficient  to  counterbalance  all 
the  efforts  of  the  two  mighty  rivers  to  extend  the  limits  of  their  delta. 
We  have  seen  that  the  Artesian  borings  at  Calcutta  attest,  what  the  vast 
depth  of  the  "  swatch"  may  also  in  all  likelihood  indicate,  that  the  an- 
tagonist force  of  subsidence  has  predominated  for  ages  over  the  influx  of 
fluviatile  mud,  preventing  it  from  rabing  the  plains  of  Bengal,  or  from 
filling  up  a  larger  portion  of  the  bay. 

CONOLUDIVO   REMARKS   ON   DELTAS. 

Convergenet  of  deltan. — ^If  we  possessed  an  accurate  series  of  maps 
of  the  Adriatic  for  many  thousand  years,  our  retrospect  would,  without 
doubt,  carry  us  gradually  back  to  the  time  when  the  number  of  rivers 
descending  from  the  mountains  into  that  gulf  by  independent  deltas  was 
far  greater  in  number.  The  deltas  of  the  Po  and  the  Adige,  for  instance, 
would  separate  themselves  within  the  recent  era,  as,  in  all  probability, 
would  those  of  the  Isonzo  and  the  Torre.  If,  on  the  other  hand,  we 
speculate  on  future  changes,  we  may  anticipate  the  period  when  the 
number  of  deltas  will  greatly  diminish ;  for  the  Po  cannot  continue  to 
encroach  at  the  rate  of  a  mile  in  a  hundred  years,  and  other  rivers  to 
gain  as  much  in  six  or  seven  centuries  upon  the  shallow  gulf,  without 
new  junctions  occurring  from  time  to  time  ;  so  that  Eridanus,  "  the  king 
of  rivers,"  will  continually  boast  a  greater  number  of  tributaries.  The 
Ganges  and  the  Brahmapootra  have  perhaps  become  partially  confluent 
in  the  same  delta  within  the  historical,  or  at  least  within  the  human  era ; 
and  the  date  of  the  junction  of  the  Red  River  and  the  Mississippi  would, 
in  all  likelihood,  have  been  known,  if  America  had  not  been  so  recently 
discovered.  The  union  of  the  Tigris  and  the  Euphrates  must  undoubt* 
edly  have  been  one  of  the  modem  geographical  changes  of  our  Earth, 
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for  Col.  Bawlinson  infonns  me  ibat  the  delta  of  those  riven  has  adyanced 
two  miles  in  the  last  sixty  years,  and  is  supposed  to  have  encroached 
abont  forty  miles  upon  the  Gulf  of  Persia  in  the  course  of  the  last  twenty* 
fiTC  centuries. 

When  the  deltas  of  rirers,  having  many  mouths,  converge,  a  partial 
union  at  first  takes  place  by  the  confluence  of  some  one  or  more  of  their 
arms ;  but  it  is  not  until  the  mam  trunks  are  connected  above  the  head 
of  the  common  delta,  that  a  c<Hnplete  intermixture  of  their  joint  waters 
and  sediment  takes  place.  The  union,  th^efore,  of  the  Po  and  Adige, 
and  of  the  Oaoges  and  Brahmapootra,  is  still  incomplete.  If  we  reflect 
on  the  geographical  extent  of  .surface  drained  by  rivers  such  as  now  en- 
ter the  Bay  of  Bengal,  and  then  consider  how  complete  the  blending 
together  of  the  greater  part  of  their  transported  matter  has  already  be- 
come, and  throughout  how  vast  a  delta  it  is  spread  by  numerous  anns, 
we  no  longer  feel  so  much  surprise  at  the  area  occupied  by  some  ancient 
fomiations  of  homogeneous  mineral  composition.  But  our  surprise  will 
be  still  farther  lessened,  when  we  afterwards  inquire  (ch*  21)  into  the 
action  of  tides  and  currents  in  disseminating  sediment. 

Age  of  exUting  deltas. — If  we  could  take  for  granted,  that  the  rela- 
tive level  of  land  and  sea  had  remained  stationary  ever  since  all  the  ex- 
isting deltas  began  to  be  formed— could  we  assume  that  theur  growth 
commenced  at  one  and  the  same  instant  when  the  present  continents 
acquired  their  actual  shape — we  might  understand  the  language  of 
geologista  who  speak  of  "  the  epoch  of  existing  continents."  They  en- 
deavor to  calculate  the  age  of  deltas  from  this  imaginary  fixed  period ; 
and  they  calculate  the  gain  of  new  land  upon  the  sea,  at  the  mouths  of 
rivers,  as  having  begun  everywhere  simultaneously.  But  the  more  we 
study  the  history  of  deltas,  the  more  we  become  convinced  that  upward 
and  downward  movements  of  the  land  and  contiguous  bed  of  the  sea 
have  exerted,  and  continue  to  exert,  an  influence  on  the  physical  geog-< 
raphy  of  many  hydrpgraphical  basins,  on  a  scale  comparable  in  mag- 
nitude or  importance  to  the  amount  of  fluviatile  deposition  effected  in  an 
equal  lapse  of  time. .  In  the  basin  of  the  Misdssippi,  for  example,  proofs 
both  of  descending  and  ascending  movements  to  a  vertical  amount  of 
several  hundred  feet  can  be  shown  to  have  taken  place  since  the  existing 
species  of  land  and  freshwater  shells  lived  in  that  region.* 

The  deltas  also  of  the  Po  and  Ganges  have  each,  as  we  have  seen  (p. 
257),  when  probed  by  the  Artesian  auger,  borne  testimony  to  a  gradual 
subsidence  of  land  to  the  extent  of  several  hundred  feet — old  terrestrial 
surfaces,  turf ,  peat,  forest-land,  and  "  dirt-beds,"  having  been  pierced  at 
various  depths.  The  changes  of  level  at  the  mouth  of  the  Indus  in 
Cutch  (see  below,  chap.  27),  and  those  of  New  Madrid  in  the  valley  of 
the  Mississippi  (see  p.  270,  and  chap.  27),  are  equally  instructive,  as 
demonstrating  unceasing  fluctuations  in  the  levels  of  those  areas  into 
which  running  water  is  transporting  sediment    If,  therefore,  the  exact 

•  Lyefl't  SMond  Visit  to  the  United  SUtee,  voL  il  chap  U. 
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age  6(  all  modern  deltas  could  be  known,  it  b  scarcely  probable  tbai 
we  should  find  any  two  of  them  in  the  world  to  have  coincided  in  date, 
or  in  the  time  when  their  earliest  deposits  originated. 

Grouping  of  strata  in  ddtat. — The  changes  which  have  taken  place 
in  deltas,  ^ren  within  the  times  of  hbtory,  may  suggest  mkiny  important 
considerations  in  rq;ard  to  the  manner  in  which  subaqueous  sediment  is 
^tributed.  With  the  exception  Of  some  cases  hereafter  to  be  noticed, 
there  are  some  general  laws  of  arrangement  which  must  evidently  hold 
good  in  almost  all  the  lakes  and  seas  now  filling  up.  If  a  lake,  for  ex- 
ample, be  enciroled  on  two  sides  by  lofty  mountains,  receiving  from 
them  many  rivers  and  torrents  of  different  sims,  and  if  it  be  bounded 
on  the  other  sides,  where  the  surplus  waters  issue,  by  a  oompaiMively 
low  oountiy,  it  is  not  difficult  to  define  some  of  the  leading  geological 
features  which  must  characterise  the  lacustrine  formation,  when  this 
basin  shall  have  been  graduaHy  oonverted  hito  dry  land  by  the  influx  of 
sediment.  The  strata  would  be  divisible  into  two  principal  groups :  thte 
older  comprising  those  deposits  which  originated  on  the  side  adjoining 
the  mountains,  where  numerous  deltas  first  begatt  to  form ;  BdA  the 
newer  group  oonaiBting  of  beds  deposited  in  the  more  central  parts  of 
the  basin,  and  towaxds  the  side  fothest  from  the  mountains.  The  fd- 
lowing  characters  would  form  the  principid  narioB  of  distinction  between 
the  strata  in  each  series :— The  more  ancient  system  would  be  composed, 
(or  the  most  part,  of  eoaner  materials,  eontainbg  mtaay  beds-of  pe^btos 
and  sand,  often  of  great  thiekocss,  and  sometimes  dipping  at  ik  oonrider- 
able  angle.  These,  with  associated  beds  of  finer  ingredients,  would,  if 
traced  round  the  borders  of  the  basin,  be  seen  to  vary  greatly  in  oolor 
and  mineral  composition,  and  would  also  be  very  irregular  in  thickness. 
The  beds,  on  the  oontraiy,  in  the  newer  group,  would  consist  of  finer 
particles,  and  would  be  horixontal,  or  very  slightly  inclined.  Their 
color  and  mineral  composition  would  be  very  homogeneous  througlioiit 
h&rge  areas,  and  would  differ  from  almost  all  the  separate  beds  in  the 
older  series. 

The  following  canses  would  produce  the  diversity  here  alluded  to  be* 
tween  the  two  great  members  of  such  lacustrine  formations  >-— When 
the  rivere  and  toirents  first  reach  the  edge  of  the  lake,  the  detritus 
vrashed  down  by  them  from  the  adjoining  heights  sinks  at  once  into 
deep  water,  all  the  heavier  pebbles  and  sand  snbsidii^  near  the  shore. 
The  finer  mud  k  carried  somewhat  fttrther  out,  but  not  to  the  distance 
of  many  mfles,  for  the  greater  part  may  be  seen,  as,  for  example,  where 
the  Rhone  enten  the  Lake  of  Geneva*  to  fall  down  in  doliids  to  the 
bottom,  not  far  from  the  river's  mouth.  Thus  alluvial  tracts  are  sood 
formed  at  the  mouths  of  every  torrent  and  river,  and  many  of  these  in 
the  course  of  ages  become  of  considerate  extent  Pebbles  and  sand 
are  then  transported  fiirther  from  the  mountains ;  but  m  thebr  paasi^ 
they  decrease  in  wse  by  attrition,  and  are  in  part  converted  into  mud 
and  sand.  At  length  some  of  the  numerous  deltas*  which  are  all  di> 
rected  towards  a  oommoB  centre^  approach  near  to  each  ntber ;  tfansa 
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of  adjoimng  torrants  become  tmited,  And  eaeh  it  neiged,  bi  its  tm,  in 
the  delta  of  the  largest  river,  whieh  advaooet  laoit  mpidly  into  the  lake» 
and  renders  all  the  minor  streams,  one  afltor  the  other,  its  tributaries. 
The  ▼ariooB  mineral  ingredients  of  aliare  thw  blended  together  into 
one  homogeneous  mixture,  and  the  sediment  is  poured  out  from  a  eom- 
mon  channel  mto  the  lake. 

As  the  average  size  of  the  transported  particles  decreases,  while  the 
force  and  volume  of  the  main  river  augments,  the  newer  deposits  are 
diffused  continually  over  a  wider  area,  and  are  consequently  more  hori* 
sontal  than  the  older.  When  at  first  there  were  many  independent 
deltas  near  the  borders  of  the  basin,  thdr  separate  deposits  difflmd  en-* 
tirely  from  each  other;  one  may  havebeen  charged,  like  the  Arve 
where  it  joins  the  Rhone,  with  white  sand  and  sediment  derived  from 
gimute — another  may  have  been  black,  like  many  streams  in  the  Tyrol, 
flowing  from  the  waste  of  decomposing  rooks  of  dark  slate«*a  third 
may  have  been  colored  by  oohraoua  sedimeitty  like  the  Red  River  in 
Louisiana — a  fourth,  like  the  Elsa  in  Tuscany,  may  have  held  much 
carbonate  of  Mme  in  section.  At  first  theji  would  each  form  distinci 
deposits  of  sand,  gravel,  limestone,  nuffl,  or  other  materials^  but,  after 
thdr  junction,  new  chemical  combinations  and  a  distinct  color  would  b# 
the  result,  and  the  partides,  having  been  conveyed  ten,  twenty,  or  a 
greater  number  of  miles  over  alluvial  phjins^  would  become  finer. 

In  those  deltas  where  the  tides  and  strong  marine  currents  interfere, 
the  above  description  would  only  be  applicable,  with  certain  modifica- 
tiens.  If  a  series  of  eaithquakes  accompany  the  growth  of  a  delta,  and 
change  the  levels  of  the  land  from  time  to  Ume,  as  in  the  region  where 
the  Indus  now  enters  the  sea,  the  phenomena  win  depart  still  more 
widely  from  the  ordinary  type.  If,  aiter  a  protracted  period  of  rest,  a 
delta  sink  down,  pebbles  may  be  borne  abng  in  shallow  water  near  the 
foot  of  the  boundary  hills,  so  as  to  form  conglomerates  overlying  the 
fine  mud  previously  thrown  into  deeper  water  in  the  same  area.    ^ 

Oauies  (^  atratijkaihn  in  Mka, — ^The  stratified  arrangement,  which 
is  observed  to  prevail  so  generally  in  aqueous  deposits,  is  most  fre* 
quently  due  to  variations  in  the  velocity  of  running  water,  which  cannot 
sweep  along  particles  of  mote  than  a  certain  sise  and  weight  wfaeil 
movmg  at  a  given  rate.  Hence,  as  the  force  of  the  stream  augments  of 
decreases)  the  materials  thrown  down  in  successive  layers  at  particular 
places  are  rudely  sorted*  according  to  their  dimensions,  form,  and  spe- 
cific gravity.  Where  this  cause  has  not  operated,  as  where  sand,  mud, 
and  fragments  of 'rock  are  conveyed  by  a  glacier,  a  confused  heap- of 
rubbish  devoid  of  all  stratification  is  produced. 

Natural  divisions  are  also  occasioned  in  deltas,  by  the  interval  of  time 
which  separates  annually  the  deposition  of  matter  during  the  periodical 
rsins^or  nielting  of  snow  upon  the  monntams.  The  deposit  of  each 
year  may  acquire  some  degree  of  coasiBtency' before  thatef  the  succeed^ 
mg*  year  Is  superimposed.  A  ^variety  of  ^nremnstiuices  also  give  rise 
aoMially)  or  aamiBlimea  from  4ayW  day,  to^  iS^XmaeMsum  m  cetor, 
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fineness  of  the  particles,  and  other  characters,  bj  which  alternations  of 
strata  distmct  in  texture  and  mineral  ingredients  must  be  produced. 
Thus,  for  example,  at  one  period  of  the  year,  drift-wood  may  be  carried 
down,  and,  at  another,  mud,  as  was  before  stated  to  be  the  case  in  the 
delta  of  the  Mississippi ;  or  at  one  time,  when  the  volume  and  velocity 
of  the  stream  are  greatest,  pebbles  and  sand  may  be  spread  over  a  cer- 
tain area,  over  which,  when  the  waters  are  low,  fine  matter  or  chemical 
precipitates  are  formed.  During  inundations,  the  turHd  current  of 
fresh  water  often  repels  the  sea  for  many  miles ;  but  when  the  river 
is  low,  salt  water  again  occupies  the  same  space.  When  two  deltas  are 
converging,  the  intermediate  space  .is  often,  for  reasons  before  explained, 
alternately  the  receptacle  of  different  sediments  derived  from  the  con- 
verging streams  (see  p.  272).  The  one  is,  perhaps,  charged  with  cal- 
careous, the  other  with  argillaceous  matter ;  or  one  sweeps  down  sand 
and  pebbles,  the  other  impalpable  mud.  These  differences  may  be 
repeated  with  considerable  regularity,  until  a  thickness  of  hundreds  of 
feet  of  alternating  beds  is  accumulated.  The  multiplication,  also,  of 
shells  and  corals  in  partict^  spots,  and  for  limited  periods,  gives  rise 
occasionally  to  lines  of  separation,  and  divides  a  mass  which  might 
otherwise  bo  homogeneous  into  distinct  strata. 

An  examination  of  the  shell  marl  now  forming  in  the  Scotch  lakes,  or 
the  sediment  termed  "  warp,"  which  subsides  from  the  muddy  water  of 
the  Humber  and  other  rivers,  shows  that  recent  deposits  are  often  com- 
posed of  a  great  number  of  extremely  thin  layers,  either  even  or  slightly 
undulating,  and  preserving  a  general  parallelism  to  the  planes  of  strati- 
fication. Sometimes,  however,  the  laminsd  in  modem  strata  are  dis- 
posed diagonally  at  a  condderable  angle,  which  appears  to  take  place 
where  there  are  conflicting  movements  in  the  waters.  In  January,  1829, 
I  visited,  in  company  with  Professor  L.  A.  Necker,  of  Geneva,  the  con* 
fluence  of  the  Rhone  and  Arve,  when  those  rivers  were  very  low,  and 
were  cutting  channels  through  the  vast  heaps  of  debris  thrown  down 
from  the  waters  of  the  Arve  in  the  preceding  spring.  One  of  the  sand- 
banks which  had  formed,  in  the  spring  of  1828,  where  the  opposing 
currents  of  the  two  rivers  neutralized  each  other,  and  caused  a  retarda- 
tion in  the  motion,  had  been  undermined ;  and  the  following  is  an  exact 
representation  of  the  arrangement  of  laminae  exposed  in  a  vertical  sec- 
tion. The  length  of  the  portion  here  seen  is  about  twelve  feet,  and  the 
height  five.  The  strata  a  a  consist  of  irregular  alternations  of  pebbles 
and  sand  m  undulating  beds :  below  these  are  seams  of  very  fine  sand 
B  B,  some  as  thin  as  paper,  others  about  a  quarter  of  an  inch  thick.  The 
strata  o  o  are  composed  of  layers  of  fine  greenish-gray  sand  as  thin  as 
paper.  Some  of  the  inclined  beds  will  be  seen  to  be  thicker  at  thdr 
upper,  others  at  their  lower  extremity,  the  mclination  of  some  being 
very  considerable.  These  layers  must  have  accumulated  one  on  the 
other  by  lateral  apposition,  probably  when  one  of  the  rivers  was  veiy 
gradually  increasing  or  diminishing  in  velocity,  so  that  the  point  of 
greatest  retardation  caused  by  their  conflicting  currents  shifted  slowly^ 
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allowiDg  the  sediment  to  be  thrown  down  in  snccessive  layers  on  a 
sloping  bank.  The  same  phenomenon  is  exhibited  in  older  strata  of  all 
ages* 


n^siL 


8«eti<m  of  ft  Mad-bulk  In  the  bed  of  the  Aire  ftt  {ta  eoDflaenoe  with  the  Bhone,  showing  the 
etntifleation  of  depoeita  where  oaxrents  meet 

J£  the  bed  of  a  lake  or  of  the  sea  be  sinking,  whether  at  a  uniform  or 
an  unequal  rate,  or  oscillating  in  level  during  the  deposition  of  sediment, 
these  movements  will  give  rise  to  a  different  class  of  phenomena,  as,  for 
example,  to  repeated  alternations  of  shallow-water  and  deep-water  de- 
posits, each  with  peculiar  organic  remains,  or  to  frequent  repetitions  of 
similar  beds,  formed  at  a  imiform  depth,  and  inclosing  the  same  organic 
remains,  and  to  other  results  too  complicated  and  varied  to  admit  of 
-  enumeration  here. 

Formation  of  conglomerates, — Along  the  base  of  the  Maritime  Alps, 
between  Toulon  and  Genoa,  the  rivers,  with  few  exceptions,  are  now 
forming  strata  of  conglomerate  and  sand.  Their  channels  are  often  sev- 
eral miles  in  breadth,  some  of  them  being  dty,  and  the  rest  easily  forded 
for  nearly  eight  months  in  the  year,  whereas  during  the  melting  of  the 
snow  they  are  swollen,  and  a  great  transportation  of  mud  and  pebbles 
takes  place.  In  order  to  keep  open  the  main  road  from  France  to  Italy, 
now  carried  along  the  sea-coast,  it  is  necessary  to  remove  annually  great 
masses  of  shingle  brought  down  during  the  flood  season.  A  portion  of 
the  pebbles  are  seen  in  some  localities,  as  near  Nice,  to  form  beds  of 
shingle  along  the  shore,  but  thd  greater  part  are  swept  into  a  deep  sea. 
The  small  progress  made  by  the  deltas  of  minor  rivers  on  this  coast 
need  not  surprise  us,  when  we  recollect  that  there  is  sometimes  a  depth 
of  two  thousand  feet  at  a  few  hundred  yards  from  the  beach,  as  near 
Nice.  Similar  observations  might  be  made  respecting  a  large  propor- 
tion of  the  rivers  in  Sicily,  and  among  others,  respecting  that  which, 
immediately  north  of  the  port  of  Messina,  hurries  annually  vast  masses 
of  granitic  pebbles  into  the  sea. 

Constant  interchange  of  land  and  sea. — I  may  here  conclude  my  re- 
marks on  deltas,  observing  that,  imperfect  as  is  our  information  of  tho 
changes  which  they  have  undergone  within  the  last  three  thousand 
years,  they  are  sufficient  to  show  how  constant  an  interchange  of  se» 

*  See  lianoal  of  Geology  by  the  Author. 
19 
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and  land  is  taking  place  on  theiaceof  oar  globe.  In  the Mefiienmaiiii 
alone^  many  flourishing  inland  towm^  and  a  atilligreater  number  of  port0» 
now  stand  where  the  sea  rolled  its  waves  since  the  era  of  the  early  ciV^* 
ilization  of  Europe.  If  we  could  eomparo  with  equal  accuracy  the  an- 
cient and  actual  state  of  all  the  islands  and  continents,  we  should  prob- 
ably discover  that  millions  of  our  race  are  now  supported  by  lands  ut- 
uated  where  deep  seas  prevailed  in  earlier  ages.  In  many  districU  not 
yet  occupied  by  man,  luid  animals  and  forests  now  abound  where  snips 
once  sailed ;  and,  on  the  other  hand,  we  shall  find,  on  inquiry,  that  in- 
roads  of  the  ocean  have  been  no  less  considerable.  When  to  these,  rev- 
olutions, produced  by  aqueous  causes,  we  add  analogous  changes 
wrought  by  igneous  agency,  we  shall,  perhi^,  acknowledge  the  justice 
of  the  conclusion  of  Aristotle,  who  declared  that  the  whole  land  and 
sea  on  our  globe  periodical^  changed  placea.^ 


CHAPTER  XIX. 

DB8TB07IXO  AND  TRAN8P0RXINO  BFFfiOTS   07  HDBS  JLSB  CDBRSITTB. 

Difference  m  the  rise  of  tides— Lagallas  and  Gulf  current^-— Velocity  of  carrentu 
— Causes  of  currents — ^Action  of  the  sea  on  the  British  coast — Shetland  IsUnds 
— ^Large  blocks  removed— -Isles  reduced  to  dusters  of  rocks— Orkney  islea— 
Waste  of  East  coast  of  Scotland— and  East  coast  of  Eoglaiid— Waste  of  the 
cliffs  of  Holderness,  Norfolk,  and  Suffolk — Sand-dunes,  how  £ur  cbionoaMtect 
— Siltmg  upof  estuaries— Yarmouth  estuary — Suffolk  coast — Dunwicb — ^Essez 
coast — ^Estuary  of  the  Thames — Ooodwin  Sands — Coast  of  Kent — ^Formation  ol 
the  Straits  of  Dover — South  coast  of  England — Sussex — ^Hants — ^Dorset— 
Portlaod— Origin  of  the  Cheul  Bank— Oomwall--Ooast  of  Brittany. 

Althocqs  the  moTements  of  great  bodies  of  water,  termed  tides  and 
currents,  are  in  general  due  to  very  distinct  causes,  their  effects  eamiok 
be  studied  separately ;  for  they  produce,  by  their  jcani  actioa,  aided  by 
that  of  the  waves,  those  changes  which  are  objects  of  geological  Inter- 
est. These  forces  may  be  viewed  in  the  same  manner  as  we  before 
considered  rivers,  firsts  as  employed  in  destroying  portions  of  •  the  solid 
crust  of  the  eat^  and  removing  them  to  other  places ;  secondly,  as  re» 
productive  of  new  strata 

Tides. — It  would  be  superfluous  at  the  present  day  to  offer  any  Be« 
marks  on  the  cause  of  the  tides.  They  are  not  perceptible  in  lalm  or 
in  most  bland  seas ;  in  the  Mediterranean  even,  deep  and  extensive  as 
is  that  sea,  they  are  scarcely  sensible  to  ordinary  observation,  thoir 
effects  being  quite  subordinate  to  those  of  the  winds  and  cunreats^  In 
some  places^  however,  as  in  the  Straits  of  Messina,  there  is  an  ebb  and 
flow  to  the  amount  of  two  feet  and  upwards;  at  Haples  and  ai  the 

♦  See  p.  18. 
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Enripus,  of  twetre  or  tbateen  inches ;  and  at  Venice,  aocofdmg  to  Ren- 
BeB,  of  five  feel*  In  tfaeSjprtes^  also,  of  the  ancients,  two  wide  shal- 
low golfs,  which  penetrate  Tery  fak>  wl^n  the  northern  coast  of  Africa^ 
between  Carthage  aild  Gyrene,  the  rise  is  said  to  exceed  five  feet.f 

In  islands  remote  from  any  continent,  the  ehb  and  flow  of  the  ocean 
is  very  s^ht^  as  at  8t.  Helena,  for  example,  where  it  is  rarely  above 
three  feet.|  In  any  given  line  of  coast,  the  tides  are  greatest  in  narrow 
channels,  bays,  arid*  estoaries,  and  least  in  the  mtervening  tracts  where 
the  land  is  promfaieBt.  Thus,  at  tAie  entrance  of  the  estuary  of  the 
Thames  itod  Medwdy,  the  rise  of  the  spring  tides  is  eighteen  feet ;  bat 
when  we  fdUkfw^  Oilr  eastern  coast  from  thenoe  northward,  towards 
Lowestoff  and  Yahnoath,  we  find  a  gradaal  diminution;  until  at  the 
places  last  fneti^eiied,  the  highest  rise  is  oafy  seven  or  eight  feet. 
From  thi8<  point  there  begins  again  to  be  an  increase,  so*  that  at  Comer, 
where  the  ceast  agatn  retires  towards*  the  west,  the  rise  is  sixteen  feet ; 
and  towards  the  extremity  of  the  giaM  caHed  "  the  Wash,"  as  at  Lynn 
and  in  Boston  Deeps,  it  is  from  twenty-two  to  twenty -four  feet,  and  in 
some  extraordinary  cases  twenty^six  feet  From  thence  again  there  is 
a  decrease  towards  ^e  north,  the  eloii«tion  at  the  Spmn  Point  bdng 
(rom  nineteen  to- twenty  feet»  and  at  Flamborough  Head  and  the  York* 
shire  eodst  &om  fourtsien  to  sixteen  feet:§ 

At  Milford  Haven  in  Pembrokeshire,  at  the  mouth  of  the  Bristol 
Channel,  the  tides  rise  thirty-six  feet ;  and  at  King-Road  near  Bristol, 
forty-two  feet.  At  Chepstow  on  the  Wye,  a  small  river  which  opens 
into  the  estuary  of  the  Severn,  th^  reach  fifty  feet,  and  somethnes 
stxty-nin&,  and  even  seventy-two  feet.  A  current  which  sets  in  on 
the  French  coast,  to  the  west  of  Cape  La  Hague,  becomes  pent  up  hy 
Guernsey,  Jersey,  and  other  islands,  till  the  rise  of  the  tide  is  from 
twenty  to  forty-five  feety  which  last  h^ht  it  attains  at  Jersey,  and  at 
Bt  llalo,  a  seaport  of  Brittany.  lh»  tides  in  the  Basin  of  Mines,  at  the 
head  ni  ihb  Bi^  of  Fundy  in*  Kova  Seotia,  rise  to  the  height  of  seventy 
feet. 

There  are^  however^  some  coasts  where  the  tides  seem  to  offer  an 
exeeption  to  the  role  above  mentioned ;  for  while  there  is  scarcely  any 
rise  in  the  estuary  of  the  Plata  in  S.  America,  there  ts  an  extremely  high 
tide  on  the  open  coast  of  Patagonia^  farther  to  the  south.  Yet  even  in 
this  region  the  tides  reach  their  greatest  elevation  (about  tf ty  feet)  in 
the  Straits  of  Magellan;  and  so  far  at  least  they  conform  to  the  general 
nile.| 

Ckrf«»l9.«-'<Fhe  most'  extensive  and  beat  determined  system  of  cur- 
rents,  is  that  which  has  its  source  in  the  Indian  Ocean  under  the  influ- 
ence of  the  trade  winds«v  and  whichi  after  doubling  the  Cape  of  GkK)d 

*  Geog.  ef  Herod,  vol  ii.  p.  aSU 

{Ibid.  p.  828. 
Romme,  Veots  et  Coonuu,  VoL  iL  p.  2.    Rev.  F.  Fallci^s,  Qaart  Jomn.  of 
ooeace,  liareh,  1829. 

{*The  heigiiie  of  thoM  tides  were  nven  me  by  the  lat^  Osptain  Hewett,  R.  N. 
On  the  authority  of  Admiral  Sir  F.  Beaufort,  R.  N. 
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Hope,  inclines  to  the  northward,  along  the  western  coast  of  Africa,  then 
across  the  Atlantic,  near  the  equator,  where  it  is  called  the  equatorial 
current,  and  is  lost  in  the  Caribbean  Sea,  yet  seems  to  be  again  reviyed 
in  the  current  which  issues  from  the  Gulf  of  Mexico.  From  thence  it 
flows  rapidly  through  the  Straits  of  Bahama,  taking  the  name  of  the 
Gulf  Stream,  and  passing  in  a  northeasterly  direction,  by  the  Banks 
of  Newfoundland,  towards  the  Azores. 

We  learn  from  the  posthumous  work  of  Rennell  on  this  subject,  that 
,he  Lagullas  current,  so  called  from  the  cape  and  bank  of  that  name,  is 
formed  by  the  junction  of  two  streams,  flowing  from  the  Indian  Ocean ; 
the  one  from  the  channel  of  Mozambique,  down  the  southeast  <oast  of 
Africa;  the  other  from  the  ocean  at  large.  The  collective  stream  is 
from  ninety  to  one  hundred  miles  in  breadth,  and  runs  at  the  rate  of 
from  two  and  a  half  to  more  than  four  miles  per  hour.  It  is  at  length 
turned  westward  by  the  Lagullas  bank,  which  rises  from  a  sea  of  great 
depth  to  within  one  hundred  fathoms  of  the  surface.  It  must  therefore 
be  inferred,  says  Rennell,  that  the  current  here  is  more  than  one  hun- 
dred fathoms  deep,  otherwise  the  mam  body  of  it  would  pass  across  the 
bank,  instead  of  being  deflected  westward,  so  as  to  flow  round  the  Cape 
of  Good  Hope.  From  this  cape  it  flows  northward,  as  before  stated, 
along  the  western  coast  of  Africa,  taking  the  name  of  the  South  Atlantic 
current.  It  then  enters  the  Bight,  or  Bay  of  Benin,  and  is  turned  west- 
ward, partly  by  the  form  of  the  coast  there,  and  partly,  perhaps,  by  the 
Guinea  current,  which  runs  from  the  north  into  the  same  great  bay. 
From  the  centre  of  this  bay  proceeds  the  equatorial  current  already 
mentioned,  holding  a  westerly  direction  across  the  Atlantic,  which  it 
traverses,  from  the  coast,of  Gumea  to  that  of  Brazil,  flowing  afterwards 
by  the  shores  of  Guiana  to  the  West  Indies.  The  breadth  of  this  cur- 
rent varies  from  160  to  450  geographical  miles,  and  its  velocity  is  from 
twenty-five  to  seventy-nine  miles  per  day,  the  mean  rate  being  about 
thirty  miles.  The  length  of  its  whole  course  is  about  4000  miles.  As 
it  skirts  the  coast  of  Guiana,  it  is  increased  by  the  influx  of  the  waters 
of  the  Amazon  and  Orinoco,  and  by  their  junction  acquires  accelerated 
velocity.  After  passing  the  island  of  Trinidad  it  expands,  and  k  almost 
lost  in  the  Caribbean  Sea ;  but  there  appears  to  be  a  general  movement 
of  that  sea  towards  the  Mexican  Gulf,  which  discharges  the  most  power- 
ful of  all  currents  through  the  Straits  of  Florida,  where  the  waters  run 
in  the  northern  part  with  a  velocity  of  four  or  five  miles  an  hour,  hav- 
ing a  breadth  of  from  thirty-five  to  fifty  miles.* 

The  temperature  of  the  Gulf  of  Mexico  is  86^  F.  in  summer,  or  6^ 
higher  than  that  of  the  ocean,  in  the  same  paraDel  (25°  N.  laL),  and 
a  large  proportion  of  this  warmth  is  retained,  even  where  the  stream 
reaches  the  43°  N.  lat.  After  issuing  from  the  Straits  of  Florida,  the 
current  runs  in  a  northerly  direction  to  Cape  Hatteras,  in  North  Caro- 
lina, about  85°  N.  lat.,  where  it  is  more  than  seventy  miles  broad,  and 

*  Consult  the  map  of  Ourrents  by  Oapt  F.  Beecby,  R.  K.,  Admiralty  Manual, 
1849,  LondoiL 
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stQl  moves  at  the  rate  of  seventy-five  miles  per  daj.  In  abont  the  40< 
N.  lat,  it  is  tamed  more  towards'  the  Atlantic  by  the  extensive  banks 
of  Kantacket  and  St.  George,  which  are  from  200  to  300  feet  beneath 
the  surface  of  the  sea ;  a  clear  proof  that  the  current  exceeds  that  depth. 
On  arriving  near  the  Azores,  the  stream  widens,  and  overflows,  as  it 
were,  formmg  a  large  expanse  of  warm  water  in  the  centre  of  the  North 
Atlantic,  over  a  space  of  200  or  800  miles  from  north  to  south,  and 
having  a  temperature  of  from  8^  to  10^  Fahr.  above  the  surrounding 
ocean.  The  whole  area,  covered  by  the  Gulf  water,  b  estimated  br 
Bennell  at  2000  miles  in  length,  and,  at  a  mean,  850  miles  in  breadth ; 
an  area  more  extensive  than  that  of  the  Mediterranean.  The  warm 
water  has  been  sometimes  known  to  reach  the  Bay  of  Biscay,  still  re- 
tainmg  five  degrees  of  temperature  above  that  of  the  adjoining  ocean ; 
and  a  branch  of  the  Gulf  current  occasionally  drifts  fruits,  plants,  and 
wood,  the  produce  of  America  and  the  West  Indies,  to  the  shores  of 
Ireland  and  the  Hebrides. 

From  the  above  statements  we  may  understand  why  Rennell  has 
characterized  some  of  the  principal  currents  as  oceanic  rivers,  which  he 
describes  as  being  from  50  to  250  miles  in  breadth,  and  having  a 
npidity  exceeding  that  of  the  largest  navigable  rivers  of  the  continents, 
sfld  so  deep  as  to  be  sometimes  obstructed,  and  occasionally  turned 
aside,  by  banks,  the  tops  of  which  do  not  rise  within  forty,  fifty,  or 
even  one  hundred  fathoms  of  the  surface  of  the  sea.* 

Greatest  velocity  of  currenti. — ^The  ordinary  velocity  of  the  principal 
currents  of  the  ocean  is  from  one  to  three  miles  per  hour ;  but  when 
the  boundary  lands  converge,  lai^e  bodies  of  water  are  driven  gradually 
into  a  narrow  space,  and  then  wanting  lateral  room,  are  compelled  to 
raise  their  level  Whenever  this  occurs  their  velocity  is  much  in- 
creased. The  current  which  runs  through  the  Race  of  Aldemey,  be- 
tween the  island  of  that  name  and  the  main  land,  has  a  velocity  of 
about  eight  English  miles  an  hour.  Captain  Hewett  found  that  in  the 
Fentland  Firth,  the  stream,  in  ordinary  spring  tides,  runs  ten  miles  and 
a  half  an  hour,  and  about  thirteen  miles  during  violent  storms.  The 
greatest  velocity  of  the  tidal  current  through  the  '*  Shoots"  or  New 
Passage,  in  the  Bristol  Channel,  is  fourteen  English  miles  an  hour ; 
and  Captain  King  observed,  in  his  survey  of  the  Straits  of  Magellan, 
tbat  the  tide  ran  at  the  same  rote  through  the  ''  First  Narrows,"  and 
about  eight  geographical  miles  an  hour,  in  other  parts  of  those  straits. 

Causes  of  currents, — ^That  movements  of  no  inconsiderable  magni- 
tude should  be  impressed  on  an  expansive  ocean,  by  winds  blowing 
for  many  months  in  one  direction,  may  easily  be  conceived,  when  we 
observe  the  effects  produced  in  our  own  seas  by  the  temporary  action 
of  the  same  cause.  It  is  well  known  that  a  strong  southwest  or  north- 
west wind  invariably  raises  the  tides  to  an  unusual  height  along  the 
west  coast  of  England  Mid  in  the  Channel ;  and  that  a  northwest  wind 

*  Rennell  on  Currents,  p.  68. 
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of  any  oontitttiance  oi^uaes  ike  Baltio  to  rise  two  fe^  and  upwards 
above  its  ordinary  level.  Sneaton  ascertained  bj  ea^periment^  that  lA 
a  canal  four  miles  iniength,  the  water  iras  kept  up  four  indies  higber 
at  one  end  tban  at  the  oiher^  merely  by  the  action  of  the  wind  along 
the  canal ;  and  Bennell  informs  us  that  a  lai^  piece  of  water,  ten 
miles  broad,  and  generally  only  three  feet  deep,  has^  by  a  strong  wind, 
had  its  waters  driren  to  one  side,  and  sustained  so  aa  to  become  six 
feet  deep,  while  the  windward  side  was  laid  dry.* 

As  water,  therefore^  he  observes,  when  pent  up  so  that  it  cannot 
escape,  acquires  a  higher  level,  so,  in  a  plaee  tohere  it  eon  escaptf  the 
same  operation  produces  a  current ;  and  this  current  will  extend  to  a 
greater  or  less  distance,  according  to  the  force  by  which  it  is  produced. 
By  the  side  of  the  principal  oceanic  currents,  such  as  the  Lagullas  wad 
the  Gulf  Stream,  are  parallel  "  counter-currents"  running  steadily  in  an 
opposite  direction. 

Currents  flowing  alternately  in  opposite  directions  are  occasioned  by 
the  rise  and  fall  of  the  tides.  The  effect  of  this  cause  is,  as  before 
observed,  most  striking  in  estuaries  and  channels  between  islands. 

A  third  cause  of  oceanic  currents  is  evaporation  by  solar  heat,  of 
which  the  great  current  setting  through  the  Straits  of  Gibraltar  into  the 
Mediterranean  is  a  remarkable  example,  and  will  be  fully  considered 
in  the  next  chapter.  A  stream  of  colder  wata*  also  flows  from  the 
Black  Sea  into  the  Mediterranean.  It  must  happen  in  many  other 
parts  of  the  world  that  large  quantities  of  water  raised  from  one  tract 
of  the  ocean  by  solar  heat,  are  carried  to  some  other  where  the  vapor 
is  condensed  and  falls  in  the  shape  of  rain,  and  this,  in  flowing  back 
again  to  restore  equilibrium,  will  cause  sensible  currents. 

These  considerations  naturally  lead  to  the  inquiry  whether  the  level 
of  those  seas  out  of  which  currents  flow;  is  higher  than  that  of  seas  into 
which  they  flow.  If  not,  the  eflfect  must  be  immediately  equalized  by 
under-currents  or  counter -currents.  Arago  is  of  opinion  that,  so  far  as 
observations  have  gone,  there  are  no  exact  proofs  of  any  such  differ- 
ence of  level.  It  was  inferred  from  the  measurements  of  M.  Lep6re,  that 
the  level  of  the  Mediterranean,«near  Alexandrift,  was  lower  by  26  feet  6 
inches,  than  the  Red  Sea  near  Sueis  at  low  water,  and  about  80  feet 
lower  than  the  Red  Sea  at  the  same  place  at  high  water,f  but  Mr. 
Robert  Stevenson  affinns,  as  the  result  of  a  more  recent  survey,  tiat 
there  is  no  difference  of  ^evel  between  the  two  seas.J 

It  was  formerly  im^iaed  that  there  was  an  equal,  if  not  greater, 
diversity  in  the  relative  levels  of  the  Atlantic  and  Pacific,  on'  the  oppo- 
site sides  of  the  Isthmus  of  Panama.  But  the  levelling^  carried  across 
that  isthmus  by  Capt.  Lloyd,  in  1828,  to  ascertain  the  rdative  height 
of  the  Pacific  Ocean  at  Panama,  and  of  the  Atlantic  •  at  the  mouth  ot 
the  river  Chogres,  have  shown,  that  the  difference  of  mean  level  be- 

*  Renoell  on  the  Channel  current  f  An.  dtk  Bureau  des  Long.  1836. 
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tuMD  those  ooeiM  bnot  Gomidenble,  and,  eontnuy  to  ezpeotation*  the 
diffinneQce  which  does  eiist  is  in  f avor  of  the  greater  heightof  the  Paciic. 
Aecordii^  to  this  sorvej,  the  mesa  height  of  the  Pacific  is  three  feet 
and  a  half,  or  3*62  above  the  Athintic»  if  we  assume  the  mean  level  of  a 
sea  to  ocineide  witii  the  mean  between  the  extremes  of  the  elevation 
and  defsession  of  the  tides ;  for  between  the  extreme  levels  of  the 
greatest  tides  in  the  Paeiiic»  at  Panama,  there  is  a  difference  of  27*44 
feet;  and  at  theusnal  spring  tides  21*22  feet;  ^ereas  at  Chagres 
this  difference  is  onlf  1'16  feet,  and  is  the  same  at  all  seasons  of  the 
year. 

The  tides,  in  short,  in:  the.  Caribbean  Sea  are  scaroelj  perceptible,  not 
eqnsUing  those  in  some  parts  of  the  Mediterranean,  whereas  the  rise  is 
very  high  in  the  Bay  of  Panama ;  so  that  the  Pacific  is  at  high  tide 
lifted  up  sevovl  feet  above  the  surfoce  of  the  Golf  of  Mexico,  and  then 
at  low  water  let  down  as  fiir  below  it.*  But  astronomers  are  agreed 
tiiat,  on  mathematical  principles,  the  rise  of  the  tadal  wave  above  the 
mean  level  of  a  particidar  sea  mast  be  greliter  than  the  fall  below  it ; 
and  although  the  difference  has  been  hitherto  supposed  insufficient  to 
cause  an  appreciable  error,  it  is,  nevertheless^  worthy  of  observation, 
that  the  error,  such  as  it  may  be,  would  tend  to  reduce  the  small  differ- 
ence, now  inferred,  from  the  observations  of  Mr.  Lloyd,  to  exist  between 
the  levels  of  the  two  oceans. 

There  is  stSl  another  way  in  which  heat  and  cold  must  occasion  great 
movemente  in  the  ocean,  a  cause  to  which,  perhaps,  currents  are  prin- 
<upa]ly  due.  Whenever  the  temperature  of  the  surface  of  the  sea  is 
lowered,  condensation  takes  place,  and  the  superficial  water,  having  its 
specific  gravity  increased,  falls  to  the  bottom,  upon  which  lighter  water 
rins  immediately  and  occupies  its  place.  When  this  circulation  of 
aseeoding  and  descending  currents  has  gone  on  for  a  certain  time  in 
high  latitudes^  the  inferior  parts  of  the  sea  are  made  to  consist  of  colder 
or  heavier  f  aid  than  the  corresponding  depths  of  the  ocean  between  the 
tiopics.  If  there  be  a  free  communication,  if  na  chain  of  submarine 
memitains  divide  the  polar  from  the  equatorial  basins,  %  horizontal  move- 
ment will  arise  by  the  4owing  of  colder  water  from  the  poles  to  the 
equator,  and  there  will  then  be  a  reflux  of  wanner  superficial  water 
from  the  equator  ta  the  poles.  A  well-known  experiment  has  been  ad- 
duced to  elucidate  this  mode  of  action  in  explanation  pf  the  "  trade 
winds/'f  If  a  long  trough,  divided  in  the  middle  by  a  sluice  or  parti- 
tien,  have  one  end  filled  with  water  and  the  other  wiUi  quicksilver,  both 
fluids  will  remain  quiet  so  long  as  they  are  divided  ;  but  when  the  sluice 
is  drawn  up,  the  heavier  fluid  will  rush  along  the  bottom  of  the  trough, 
wUle  the  hghter»  bring  displaced,  will  rise,  and,  flowing  in  an  oppo»te 
dwMilaon,  spread  itself  at  the  topw  v  In  like  manner  the  expansion  and 
oontraetioB  of  sea^water  by  heat  and  cold*  have  a  tendency  to  set  un* 

•  FhiL  Trana  1880,  p^  69. 

t  See  Cspt  B.  Halt  On  Hieory  of  Trade  Winds,  Fragments  of  Toy.  secoiid 
ssnes,  vdL  i,  and  Appendix  to  Darnell's  Meteorology. 
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der-corrents  ia  motion  from  the  poles  to  the  equator,  and  to  cause 
counter-currents  at  the  surface,  which  are  impelled  in  a  direction  con- 
trary to  that  of  the  prevailing  trade  winds.  The  geographical  and 
other  circumstances  being  very  complicated,  we  cannot  expect  to  trace 
separately  the  movements  due  to  each  cause,  but  must  be  prepared  for 
many  anomalies,  especially  as  the  configuration  of  the  bed  of  the  ocean 
must  often  modify  and  interfere  with  the  course  of  the  inferior  cuirenta, 
as  much  as  the  position  and  form  of  continents  and  islands  alter  the  di- 
rection of  those  on  the  surface.  Thus  on  soundmg  at  great  depths  in 
the  Mediterranean,  Captains  Berard  and  D*Urvule  have  found  that  the 
cold  does  not  mcrease  in  a  high  ratio  as  in  the  tropical  regions  of  tiie 
ocean,  the  thermometer  remaining  fixed  at  about  55^  F.  between  the 
depths  of  1000  and  6000  feet.  This  might  have  been  anticipated,  as 
Captain  Smyth  in  his  survey  had  shown  that  the  deepest  part  of  the 
Straits  of  Gibraltar  is  only  1320  feet,  so  that  a  submarine  barrier  exists 
there  which  must  prevent  the  influx  of  any  under-current  of'  the  ocean 
cooled  by  polar  ice. 

Each  of  the  four  causes  above  mentioned,  the  wind,  the  tides,  evapo- 
ration, and  the  expansion  and  contraction  of  water  by  heat  and  cold, 
may  be  conceived  to  operate  independently  of  the  others,  and  although 
the  influence  of  all  the  rest  were  annihilated.  But  there  is  another 
cause,  the  rotation  of  the  earth  on  its  axis,  which  can  only  come  into 
play  when  the  waters  have  already  been  set  in  motion  by  some  one  or 
all  of  the  forces  above  described,  and  when  the  direction  of  the  cur- 
rent so  raised  happens  to  be  from  south  to  north,  or  from  north  to 
south. 

The  principle  on  which  this  cause  operates  is  probably  fomiliar  to  the 
reader,  as  it  has  long  been  recognized  in  the  case  of  the  trade  winds. 
Without  enlarging,  therefore,  on  the  theory,  it  will  be  sufficient  to  offer 
an  example  of  the  mode  of  action  alluded  to.  When  a  current  flows 
from  the  Cape  of  Good  Hope  towards  the  Gulf  of  Guinea,  it  consists  of 
a  mass  of  water,  which,  on  doubling  the  Cape,  in  lat.  85^,  has  a  rota- 
tory velocity  of  about  800  miles  an  hour ;  but  when  it  reaches  the  line, 
where  it  turns  westward,  it  has  arrived  at  a  parallel  where  the  surface 
of  the  earth  is  whirled  round  at  the  rate  of  1000  miles  an  hour,  or 
about  200  miles  faster.  If  this  great  mass  of  water  was  transferred 
suddenly  from  the  higher  to  the  lower  latitude,  the  deficiency  of  its  ro- 
tatory motion,  relatively  to  the  land  and  water  with  which  it  would 
come  into  juxtaposition,  would  be  such  as  to  cause  an  apparent  motion 
of  the  most  rapid  kind  (of  no  less  than  200  miles  an  hour)  from  east 
to  west. 

In  the  case  of  such  a  sudden  transfer,  the  eastern  coast  of  America, 
being  carried  round  in  an  opposite  direction,  might  strike  against  a  large 
body  of  water  with  tremendous  violence,  and  a  considerable  part  of  the 
continent  might  be  submerged.  This  disturbance  does  not  occur,  be- 
cause the  water  of  the  stream,  as  it  advances  gradually  into  new  sones 
of  the  sea  which  are  moving  more  rapidly,  acquires  by  friction  an  ao« 
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ederated  velocity.  Yet  as  ibis  motion  is  not  imparted  instantaneonalj* 
the  fluid  is  unable  to  keep  up  with  the  full  speed  of  the  new  suiiace 
tgvet  which  it  is  sueceasivelj  brought.  Hence,  to  borrow  the  language 
of  Herschel,  when  he  speaks  of  the  trade  winds,  "it  lags  or  hangs  back, 
IB  a  direction  opposite  to  the  earth's  rotation,  that  is,  from  east  to 
west,"*  and  thus  a  current,  which  would  have  run  simply  towards 
the  north  but  for  the  rotation,  may  acquire  a  relative  direction  towards 
the  west. 

We  may  next  consider  a  case  where  the  circumstances  are  the  con* 
verse  of  the  above.  T&e  Oulf  Stream  flowing  from  about  lat.  20^  is  at 
fiist  impressed  with  a  velocity  ci  rotation  of  about  940  miles  an  hour, 
and  runs  to  the  lat  40°,  where  the  earth  revolves  only  at  the  rate  of 
166  miles,  or  174  miles  slower.  In  this  case  a  relative  motion  of  an 
opposite,  kind  may  result ;  and  the  current  may  retain  an  excess  of  rota* 
tory  velocity,  tending  eoutinually  to  deflect  it  eastward.  Polar  currents, 
tiierefore,  or  those  flowing  from  high  to  low  latitudes,  are  driven  towards 
the  eastern  shores  of  continents,  while  tropical  currents  flowing  towards 
the  poles  are  directed  against  their  western  shores. 

Thus  it  will  be  seen  that  currents  depend,  like  the  tides,  on  no  tem- 
porary or  accidental  circumstances,  but  on  the  laws  which  preside  over 
the  motions  of  the  heavenly  bodies.  But  although  the  sum  of  their 
influence  in  altering  the  surface  of  the  earth  may  be  very  constant 
throughout  successive  epochs,  yet  the  points  where  these  operations  are 
displayed  in  fullest  energy  shift  perpetually.  The  height  to  which  the 
tides  rise,  and  the  violence  and  velocity  of  currents,  depend  in  a  great 
measure  on  the  actual  configuration  of  the  land,  the  contour  of  a  long 
line  of  continental  or  insular  coast,  the  depth  and  breadth  of  channels, 
the  peculiar  form  of  the  bottom  of  seas — ^in  a  word,  on  a  combination  of 
circumstances  which  are  made  to  vary  continually  by  many  igneous  and 
aqueous  causes,  and,  amongst  the  rest,  by  the  tides  and  currents  them- 
selves. Although  these  agents,  therefore,  of  decay  and  reproduction  are 
local  in  reference  to  periods  of  short  duration,  such  as  those  which  history 
embraces,  they  are  nevertheless  universal,  if  we  extend  our  views  to  a 
sufficient  lapse  of  ages. 

Destroying  and  transporting  power  of  currents, — ^After  these  prelim- 
inary remarks  on  the  nature  and  causes  of  currents,  their  velocity  and 
direction,  we  may  next  consider  their  action  on  the  9oUd  materials  of  the 
earth.  We  shaU  find  that  their  efforts  are,  in  many  respects,  strictly 
analogous  to  those  of  rivers.  I  have  already  treated  in  the  third  chap- 
ter, of  the  manner  in  which  currents  sometimes  combine  with  ice,  in 
carrying  mud,  pebbles,  and  large  fragments  of  rock  to  great  distances. 
Their  operations  are  more  concealed  from  our  view  than  those  of  rivers, 
but  extend  over  wider  areas,  and  are  therefore  of  more  geological 
importance. 

Waste  of  the  British  coasts, — Shetland  Islands.^li  we  follow  the 

*  Treatise  on  Astrooomy,  cbapw  8. 
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eastern  and  Boutheni  fihoras  of  the  Britnh  klands,  fhmi  our  ITlliiiiA 
Thule  in  Shetland  to  the  Land's  End  in  ComwaU,  we  shall  find  eyidenoe 
of  a  series  of  changes  smee  the  historical  era,  very  lUiisiratiye  ci  th« 
kind  and  degree  of  forc%  exerted  by  tides  and  emrents  co-operatfaig  with 
the  waves  of  the  sea.  In  this  survey  we  shall  have  an  opporturaty  of 
tracing  their  joint  powel*  on  islands^  promontories,  bays,  and  estuaries ; 
on  bold,  lofty  cliffsi  as  well  as  on  low  shores ;  and  on  every  description 
of  rock  and  soil,  from  granite  to  blown  sand. 

The  northernmost  group  of  the  British  islands,  the  Shetland,  are  com- 
posed of  a  great  variety  of  rocks,  including  granite,  gneiss,  mica-slate, 
serpentine,  greenstone,  and  many  others,  with  some  secondary  rocks, 
chiefly  sandstone  and  conglomerate.  These  islands  are  exposed  contin* 
ually  to  the  uncontrolled  violence  of  the  Atlantic,  for  no  land  intervenes 
between  their  western  shores  and  America.  The  prev^ence,  therefore, 
of  strong  westerly  gales,  causes  the  waves  to  he  sometimes  driven  with 
irresistible  force  upon  the  coast,  while  there  is  also  a  current  setting  from 
the  north.  The  spray  of  the  sea  aids  the  decomposition  of  the  rocks, 
and  prepares  them  to  be  breached  by  the  mechanical  force  of  the  waves. 
Steep  cliffs  are  hollowed  out  into  deep  oaves  and  lofty  arches ;  and  almost 
every  promontory  ends  in  a  cluster  of  rocks,  imitating  the  forms  ci 
columns,  pinnacles,  and  obelisks. 

Driflin^  of  larffe  masses  cftoek, — Modem  observations  show  that  the 
reduction  of  continuous  tracts  to  such  insular  masses  is  a  process  in 
which  nature  is  still  actively  engaged.  **  The  ble  of  Stenness,"  says  I>r. 
Hibbert, ''  presents  a  scene  of  unequalled  desolation.  In  stc»my  winters, 
huge  blocks  of  stones  are  overturned,  or  are  removed  from  their  native 
beds,  and  hurried  up  a  slight  acclivity  to  a  distance  almost  incredible. 
In  the  winter  of  1802,  a  tabular-shaped  mass,  eight  feet  two  inches  by 
seven  feet,  and  five  feet  one  inch  thick,  was  dislodged  from  its  bed,  and 
removed  to  a  distance  of  from '  eighty  to  ninety  feet.  I  measured  the 
recent  bed  from  which  a  block  had  been  carried  away  the  preceding 
winter  (a.  d.  1818),  and  found  it  to  be  seventeen  feet  and  a  half  by 
seven  feet,  and  the  depth  two  feet  e^t  inches.  The  removed  mass  had 
been  borne  to  a  distance  of  thirty  feet,  when  it  was  shivered  into  thir* 
teen  or  more  lesser  fragments,  some  of  which  were  carriied  still  farther, 
from  30  to  120  feet.  A  block,  nine  feet  two  inches  by  six  feet  and  a 
half,  and  four  feet  thick,  was  hurried  up  the  acclivity  to  a  distance  of 
160  fee^  "♦ 

At  Northmavine,  also,  angular  blocks  of  stone  have  been  removed  in 
a  similar  manner  to  considerable  distances  by  the  waves  of  the  sea,  some 
of  which  are  represented  in  the  annexed  figure. 

Effects  of  lightning. — ^In  addition  to  numerous  examples  of  masses 
detached  and  driven  by  the  waves,  tides,  and  currents  from  their 
place,  some  remarkable  effects  of  lightning  are  recorded  in   these 

*  Descrip.  of  SbetUnd  lakndi,  pi  627,  Edin.  1822,  to  which  work  I  am  i» 
dehted  for  the  following  i^pvosentationa  of  rocks  in  the  Shetlund  Iilet. 
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isles.  At  Fanae,  m  Fetlar,  about  the  middle  of  the  last  century,  a 
rock  of  mica-schist,  105  feet  long»  ten  feet  broad,  and  in  some  places 
four  feet  thick,  was  in  an  instant  torn  by  a  flash  of  lightning  from  its 
bed,  and  broken  into  three  large  and  several  smaller  fragments.  One 
of  these,  twenty-6ix  feet  long,  ten  feet  broad,  and  four  feet  thick,  was 
simply  turned  oyer.  The  second,  which  was  twenty-eight  feet  long, 
seventeen  broad,  and  five  feet  in  thickness,  was  hurled  across  a  high 
pomt  to  the  distance  of  fifty  yards.  Another  broken  mass,  about  forty 
feet  long,  was  thrown  still  farther,  but  in  the  same  direction,  quite  into 
the  sea.  There  were  also  many  smaller  fragments  scattered  up  and 
down.* 

When  we  thus  see  electricity  co-operating  with  the  violent  move- 
ments of  the  ocean  in  heaping  up  piles  of  shattered  rocks  on  dry  land 
and  beneath  the  waters,  we  cannot  but  admit  that  a  region  which  shall 
l>e  the  theatre,  for  myriads  of  ages,  of  the  action  of  such  disturbing 
causes,  might  present,  at  some  future  period,  if  upraised  far  above  the 
bosom  of  the  deep,  a  scene  of  havoc  and  ruin  that  may  compare  with 
any  now  found  by  the  geologist  on  the  surface  of  our  continents. 

In  some  of  the  Shetland  Isles,  as  on  the  west  of  Meikle  Boe,  dikes,  or 
veins  of  soft  granite,  have  mouldered  away ;  while  the  matrix  in  which 
they  were  inclosed,  being  of  the  same  substance,  but  of  a  firmer  tex- 
ture, has  remained  unaltered.  Thus,  long  narrow  ravines,  sometimes 
twenty  feet  wide,  are  laid  open,  and  often  give  access  to  the  waves. 
After  descriUng  some  huge  cavernous  apertures  into  which  the  sea 
flows  for  250  feet  m  Roeness,  Dr.  Hibbert,  writing  in  1822,  enumerates 
other  ravages  of  the  ocean.  "  A  mass  of  rock,  the  average  dimensions 
of  which  may  perhaps  be  rated  at  twelve  or  thirteen  feet  square,  and 
four  and  a  half  or  five  in  thickness,  was  first  moved  from  its  bed,  about 
fifty  years  ago,  to  a  distance  of  thirty  feet,  and  has  smce  been  twice 
turned  over," 

Pauag^  forced  by  the  iea  ikrough  porphyriHe  rocks j~^**  But  the  most 
subHine  scene  is  where  a  mural  pile  of  porphyry,  escaping  the  process 

•  Pr.  Hibhert,  from  HSS.  of  Rev:  Oeorge  Low,  of  Fetlar. 
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of  disintegration  that  is  devastating  the  coast,  appears  to  have  been  lefl 
as  a  sort  of  rampart  against  the  broads  of  the  oceaA ; — the  Atlantic; 
when  provoked  by  wintiy  gales,  batters  against  it  with  all  the  force  of 
real  artillery — ^the  waves  having,  m  their  repeated  assaults,  forced  them* 
selves  an  entrance.  This  breach,  named  the  Grind  of  the  Navir  {^g. 
28),  is  widened  every  winter  by  the  overwhelming  surge  that,  finding  a 

Fig.sa  . 


Grind  of  the  Ncrir— paasage  f^reed  by  the  ma  through  roekf  of  hard  porphTiy. 

passage  through  it,  separates  large  stones  from  its  sides,  and  forces 
them  to  a  distance  of  no  less  than  180  feet.  In  two  or  three  spots, 
the  fragments  which  have  been  detached  are  brought  together  in  im- 
mense heaps,  that  appear  as  an  accumulation  of  cubical  masses,  the 
product  of  some  quarry."* 

It  is  evident  from  this  example,  that  although  the  greater  indestructi- 
bility of  some  rocks  may  enable  them  to  withstand,  for  a  longer  time, 
the  action  of  the  elements,  yet  they  cannot  permanently  resist.  There 
are  localities  in  Shetland,  in  which  rocks  of  almost  every  variety  of 
mineral  composition  are  suffering  disintegration ;  thus  the  sea  makes 
great  inroads  on  the  clay  slate  of  Fitfel  Head,  on  the  serpentine  of  the 
Yord  Hill  in  Fetlar,  and  on  the  mica-schist  of  tDe  Bay  of  Triesta,  on 
the  east  coast  of  the  same  island,  which  decomposes  into  angular  blocks. 
The  quartz  rock  on  the  east  of  WaUs,  and  the  gneiss  and  mica-schist  of 
Garthness,  suffer  the  same  fate. 

Destruction  of  tslanda, — Such  devastation  cannot  be  incessantly  com- 
mitted for  thousands  of  years  without  dividing  islands,  until  they  become 
at  last  mere  clusters  of  rocks,  the  last  shreds  of  masses  once  contmuous. 
To  this  state  many  appear  to  have  been  reduced,  and  innumerable 
fEuitastic  forms  are  assumed  by  rocks  adjoining  these  islands  to  which 
the  name  of  Drongs  is  applied,  as  it  is  to  those  of  similar  shape  in  Feroe. 

•  Hibbert,  p.  628. 
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The  granite  rocks  (fig.  29),  between  Papa  Stour  and  Hillswiok  Neat 
affofd  an  example,    A  atill  mote  singalar  doster  of  rocksis  seen  to 

Fic.29. 


Granitic  rocks  nuied  the  Dronga,  between  Papa  Stonr  and  Hilbwick  Neaa. 

the  south  of  Hillswick  Ness  (fig.  30),  which  presents  a  variety  of  forms 
as  viewed  from  different  points,  and  has  often  been  likened  to  a  small 
fleet  of  vessels  with  spread  sculs.*    We  may  imagine  that  in  the  course 

Fig.  80. 


Granitic  rodu  to  the  sottth  of  Hillawick  Neaa,  Bbetland. 

of  time  Hillswick  Ness  itself  may  present  a  similar  wreck,  from  the 
unequal  decomposition  of  the  rocks  whereof  it  is  composed,  consisting  of 
gneiss  and  mica-schist  traversed  in  all  directions  by  veins  of  felspar- 
porphyry. 

Midway  between  the  groups  of  Shetland  and  Orkney  is  Fair  Island, 
said  to  be  composed  of  sandstone  with  high  perpendicular  cliffs.  The 
current  runs  with  such  velocity,  that  during  a  calm,  and  when  there  is 
no  swell,  the  rocks  on  its'  shores  are  white  with  the  foam  of  the  sea 
driven  against  them.    The  Orkneys,  if  carefully  examined,  would  prob- 

•  Hibbert,  p.  619. 
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ablf  Vintote  our  pratent  topio  aa-wodi  as  the  Shdlsod  gvonp. -  The 
lii^rthMsilipi^Qintatoiy  of  :fiaa(la^  one  of  these  iala&ds,  has  been  «iit  aff.ic 
modem  times  by  the  sea,  so  that  it  hecame  what  is  now  called  Start 
Island,  where  a  lighthouse  was  erected  in  1807,  nnce  which  time  the 
new  strait  has  grown  broader. 

East  coast  of  8coiland.--^o  pass  orer  to  the  main  land  of  Scotland, 
we  find  that  in  InTexnees^sime  there  have  been  inroads  of  the  sea  at 
Fort  Geoige,  and  others  in  Morayshire,  whieh  have  swept  away  the  old 
town  of  Findhom.  On  the  coast  of  Kincardineshire,  an  illustration  was 
afforded  at  the  olose  of  the  last  oentoy^of  the^  ^ect  of  promontories 
in  protecting  a  line  of  low  shore.  T^  Tflkge  of  Blathers,  two  miles 
south  of  Johnsfaaven^  was  built  onan-uieient  rinogle  beach,  protected 
by  a  projecting  ledge  of  limestone  rock.  This  was  qusarled  for  lime  tc 
such  an  extent  that  the  sea  broke  thro«]^,:aQd  in  I7ft5  oartied  away 
the  whole  vilkge  k  one  night,  and  poietraled  160  yaids  iidaad,  where 
it  has  maintained  its  ground  ever  since,  the  new  village  having  been 
built  farther  inland  on  the  new  shore.  In  the  bay  of  Montrose,  we  find 
the  North  Esk  and  the  South  Esk  rivers  pouring  annually  into  the  sea 
large  quaatitiea  of  sand  and  pebbles ;  yet  they  have  formed  no  deltas, 
fbr  the  waves^  aided  by  the  current,  setting  across  their  mouths,  sweep 
away  «11  the  matenak.  Copsiderable  beds  of  shingle,  brought  down  by 
the  North  Esk,  axe  seen  fdong  the  beach. 

Proceeding  southwards,  we  learn  that  at  Arbroath,  m  Forfarslure, 
which  stands  on  a  rock  of  red  sandstone,  gardens  and  houses  have  been 
carried  away  since  the  commencement  of  the  present  century  by  en* 
croachments  of  the  sea.  It  had  become  necessary  before  1828,  to 
remove  the  lighthouses  at  the  mouth  of  the  estuary  of  the  Tay,  in  the 
same  county,  at  Button  Ness,  which  were  built  on  a  tract  of  blown 
sand,  the  sea  having  encroached  for  three-quarters  of  a  mile. 

Force  of  waves  and  currents  tn  estuaries.-^Tbe  combined  power 
which  waves  and  eurrenta  can  eiert  in  estuaries  (a  term  which  I 
confine  to  bays  entered  both  by  rivers  and  the  tides  of  the  sea), 
was  remarkably  exhibited  during  the  building  of  the  Bell  Rock  Light- 
house, off  the  mouth  of  the  Tay.  The  Bell  Rock  is  a  sunken  reef, 
consisting  of  red  sandstone,  being  from  twelve  to  sixteen  feet  under 
the  surface  at  high  water,  and  about  twelve  miles  from  the  main* 
land.  At  the  dbtance  of  100  yards,  there  is  a  depth,  in  all  directions 
of  two  or  three  Irthoms  at  low  water.  In  1807,  during  the  erection 
of  the  lighthome,  six  laige  blocks  of  granite;,  which  had  been  landed 
on  the  ree^  were  removed  by  the  force  of  the  sea,  and  thrown  over 
a  rismg  ledge  to  the  distance  of  twelve  or  fifteen  paces ;  and  an  an- 
chor, weighing  about'  fi2  cwt,  was  thrown  up  upon  the  rock.*  Mr.  Ste- 
venson informs  us  moreover,  that  drift  stones,  measurii^  upwards  (A 
thirty  cubic  feet,  or  more  than  two  tons'  weight,  have,  during  stormy 
been  often  thrown  upon  the  rock  from  the  deep  water.f 

*  Account  of  EreetioD  of  BeU  Rock  Ughthooie,  p.  IM. 
t  Ed.  PhiL  Jouni.  vol  iil  p.  64,  182a 
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jfwftinai^  /»r«i<iu — ^Amoag  tberpxDofstliat'Uie  tea  ha§  cneroacbed 
OD  Iha  kiiHi.  bordeEiBg  Qm,  eBUaary  of  tho  Tbj,  Dn  Fkaung  has  menr 
tiooed  a  tttbinanne  to^ef^t  vhieh  haa  beea  Uaced  for  several  niBea  9kmg 
the  northem  shoraof  the  cotmty  of  Fifo.*  fiol  8iibMq«ent  snrveya 
seem  to  have  shown  that  the  bedl  of  peat  eeatninHig .  tree*Poota,  kavea^ 
and.bpaoehes,  iK>w  oeaurnag  at  a  lower  le?el  than' the  Tay,  nniat  hare 
eome  into  k^  pxeaeot  fontioa  by  a  gtaeral  ainktiig  of  ther  ground  en 
which  the  fbieet  giew.  The  peat^bed  aUnded  4o  is  sot  confiaed,  aays 
Mr*  Biijsty  to  the  pveient  ebaimel  of  the  Tay,  hot  extenda  far  beyond  it» 
and  ia  co?ered  by  stratified  eiay  fsom  fifteen  to  twenty-five  feet  in  tfaiok- 
ness,  in  the  midst  of  which,  in  some  pboea,  ia  a  bed.fnll  of:  sea-sbeUs^ 
Recent  disQOTeries  having  eatablisfaed'  the  &et  thai  npward  and  down- 
ward  movements  have  affected  our  island  since  the  general  coastline 
had  nearly  acquired  its  present  shape^  we  must  hesitate  before  we  at* 
tribute  any  given  change  to  a  single  eanse,  such  as  the  local  eaoioach- 
ment  of  the  sea  upon  low  land. 

On  the  coast  oi  Fife,  at  St.  Andrew's,  a  tract  of  lead,  said  to  have 
intervened  between  the  castle  of  Cardinal  Beaton  and  the  sea,  hsa  been 
entirely  swept  away,  as  were  the  last  remains  of  ihe  Priory  of  Orsii,  in 
the  same  county,  in  1803.  On  both  sides  of  the  Frith  of  Foith,  land 
has  been  consumed ;  at  North  Berwick  in  partioular,  and  .at  Newhaveo, 
where  an  arsenal  and  dock,  built  in  the  reign  of  James  IV*,  in  the  fif« 
teenth  eentnry,  has  been  overflowed. 

JSa9t  cooit  pfSngland, — ^If  we  now  proceed  to  the  English  coast,  we 
find  records  of  nnmerous  lands  having  been  destroyed  in  Korthionber- 
land,  as  those  near  Bamborough  and  Holy  Island,  and  at  Tynemooth 
Castle,  which  now  overhangs  tiie  sea,  although  ionnerly  separated  Itom 
it  by  a  strip  of  land*  At  Hartlepool^  and  several  other  parts  of  Ihe 
coast  of  Durhiun  composed  oi  magnesian  limestone^  the  sea  haa  made 
considereble  mroads. 

Cbas4  of  ForiUAif^.— Almost  the  whole  coast  of  Yockshire,  f rom  the 
mouth  of  the  Tees  to  that  of  the.Humber,  is  in  a  state  of  gradual  dilap* 
idation.  That  part  of  the  cliffs  whioh  consist  of  lias,  the  oolite  series, 
and  chalk,  decays  slowly.  They  present  abrupt  and  naked  precipices^ 
often  800  feet  in  height;  and  it  is  only  at  a  few  points  that  the  grassy 
covering  of  the  sloping  talus  marks  a  temporary  relaxation  of  the  erosive 
action  of  the  sea.  The  chalk  clifb  Are  worn  into  oaves  and  needles  in 
t}ie  projecting  headland  of  Flamborongh,  whein  they  are  decomposed 
by  the  salt  spray,  and  slowly  crumble  away.  But  the  wasto  is  most 
rapid  between  that  promontory  and  Spam  Pointy  or  the  coast  of  HoU 
demess,  as  it  is  called,  a  tract  consisting  of  beds  of  clay,  gravel,  sand, 
and  chalk  rabble.  The  irfegular  intermisrtnro  of  the  argiUaeeous  beds 
aausea.many  springs  to  be  thrown  out,  and  this  feoifitales  the  under- 
mining process,  the  waves  beating  against  them,  and  a  strong  current 

•  Quart  Joorn.  of  Scl  ^  Ko.  ziii.  i\r.  8,  March,  18S0. 

f  Buist,  Quart.  Jcmm.  of  Agricult  Ko.  zlv.  p  8i,  June,  18S&. 
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settbg  chiefly  from  the  north.  The  wasteful  action  is  very  eonspicnons 
at  Dimlingrton  Height*  the  loftiest  point  in  Holdemess,  where  the  beacon 
stands  on  a  cliff  146  feet  above  high  water,  the  whole  being  composed 
of  claj,  with  pebbles  scattered  through  it  *  *'  For  many  years,"  says 
Professor  Phillips, "  the  rate  at  which  the  clifis  recede  from  Bridlington 
to  Spurn,  a  distance  of  thirty-six  miles,  has  been  found  by  measurement 
to  equal  on  an  average  two  and  a  quarter  yards  annually,  which,  upon 
thirty*six  miles  of  coast,  would  amount  to  about  thirty  acres  a  year. 
At  this  rate,  the  coast,  the  mean  height  of  which  above  the  sea  is  about 
forty  feet,  has  lost  one  mile  in  breadth  since  the  Norman  Conquest,  and 
more  than  two  miles  since  the  occupation  of  YoiiL  (Eboracum)  by  the 
Bomans.^f  The  extent  of  this  denudation,  as  estimated  by  the  number 
of  cubic  feet  of  matter  removed  annually,  will  be  again  spoken  of  in 
chapter  22. 

In  the  old  maps  of  Yorkshire,  we  find  spots,  now  sand-banks  in  the  sea, 
marked  as  the  ancient  sites  of  the  towns  and  villages  of  Auburn,  Hait- 
bum,  and  Hyde.  ''  Of  Hyde,"  says  Pennant,  "  only  the  tradition  is 
left ;  and  near  the  village  of  Hornsea,  a  street  called  Hornsea  Beck  has 
long  since  been  swallowed."^  Qwthome  and  its  church  have  also  been 
in  great  part  destroyed,  and  the  village  of  Eilnsea ;  but  these  places 
are  now  removed  farther  inland.  The  annual  rate  of  encroachment  at 
Owthome  for  several  years  preceding  1830,  is  stated  to  have  averaged 
about  four  yards.  Not  unreasonable  fears  are  entertained  that  at  some 
future  time  the  Spurn  Point  will  become  an  island,  and  that  the  ocean, 
entering  into  the  estuary  of  the  Humber,  will  cause  great  devastation.! 
Pennant,  after  speaking  of  the  silting  up  of  some  ancient  ports  in  that 
estuary,  observes,  **  But,  in  return,  the  sea  has  made  most  ample  repri- 
sals ;  the  site,  and  even  the  very  names  of  several  places,  once  towns 
of  note  upon  the  Humber,  are  now  only  recorded  in  history;  and 
Bavensper  was  at  one  time  a  rival  to  Hull  (Madox,  Ant.  Exch.  i.  422), 
and  a  port  so  very  considerable  m  1332,  that  Edward  Baliol  and  the 
confederated  English  barons  sailed  from  hence  to  invade  Scotland ;  and 
Henry  IV.,  in  1399,  made  choice  of  this  port  to  land  at,  to  effect  the 
deposal  of  Richard  IL ;  yet  the  whole  of  this  has  long  smce  been  de- 
voured by  the  merciless  ocean ;  extensive  sands,  dry  at  low  water,  are 
to  be  seen  in  their  stead."| 

Pennant  describes  Spurn  Head  as  a  promontory  in  the  form  of  a 
sickle,  and  says  the  land,  for  some  miles  to  the  north,  was  '*  perpetually 
preyed  on  by  the  fury  of  the  German  Sea,  which  devours  whole  acres 
at  a  time,  and  exposes  on  the  shores  considerable  quantities  of  beautiful 
amber." 

Idneolnshire. — ^The  maritime  dbtrict  of  Lincolnshire  consists  chiefly 
of  lands  that  lie  below  the  level  of  the  sea,  being  protected  by  embank 

•  Phillips's  Geoloffy  of  Yorleshire,  p  61. 

f  Riyera,  Mountains,  and  Sea-coast  of  Yorkshiro  pi  128, 1869;  London. 


Arctic  Zoology,  vol  i  p.  10,  Introdaction. 
Phillips's  Geol.  of  York.  p.  60. 
Arct  ZooL  voL  I  p.  18,  Introd. 
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ments.  Some  of  the  fens  vere  embanked  and  drained  bj  the  Romans ; 
but  after  their  departare  the  sea  returned,  and  large  tracts  were  covered 
with  beds  of  silt,  containing  marine  shells,  now  again  converted  into 
productive  lands.  Many  dreadful  catastrophes  are  recorded  by  incur- 
sions of  the  sea,  whereby  several  parishes  have  been  at  different  times 
overwhelmed. 

Norfolk.— Tht  decay  of  the  cliffs  of  Norfolk  and  Suffolk  is  incessant. 
At  Hunstanton,  on  the  north,  the  undermining  of  the  lower  arenaceous 
beds  at  the  foot  of  the  cliff,  causes  masses  of  red  and  white  chalk  to  be 
precipitated  from  above.  Between  Hunstanton  and  Weyboume,  low 
hills,  or  dunes,  of  blown  sand,  are  formed  along  the  shore,  from  fifty  to 
sixty  feet  high.  They  are  composed  of  dry  sand,  bound  in  a  compact 
mass  by  the  long  creeping  roots  of  the  plant  called  Marram  {Arundo 
mrenaria).  Such  is  the  present  set  of  the  tides,  that  the  harbors  of 
Clay,  Wells,  and  other  places  are  securely  defended  by  these  barriers ; 
affording  a  clear  proof  that  it  is  not  the  strength  of  the  material  at  par- 
ticular points  that  determines  whether  the  sea  shall  be  progressive  or 
stationary,  but  the  general  contour  of  the  coast. 

The  waves  constantly  undermine  the  low  chalk  clifis,  covered  with 
sand  and  clay,  between  Weyboume  and  Sherringham,  a  certain  portion 
of  them  being  annually  removed.  At  the  latter  town  I  ascertained,  in 
1829,  some  facts  which  throw  light  on  the  rate  at  which  the  sea  gains 
upon  the  land.  It  was  computed,  when  the  present  mn  was  built,  in 
1805,  that  it  would  require  seventy  years  for  the  sea  to  reach  the  spot : 
the  mean  loss  of  land  being  calculated,  from  previous  observations,  to 
be  somewhat  less  than  one  yard,  annually.  The  distance  between  the 
house  and  the  sea  was  fifty  yards ;  but  no  allowance  was  made  for  the 
slope  of  the  ground  being /rom  the  sea,  in  consequence  of  which  the 
waste  was  naturally  accelerated  every  year,  as  the  cliff  grew  lower, 
there  being  at  each  succeeding  period  less  matter  to  remove  when  por- 
tions of  equal  area  fell  down.  Between  the  years  1824  and  1820,  no 
less  than  seventeen  yards  were  swept  away,  and  only  a  small  garden 
was  then  left  between  the  buildmg  and  the  sea.  There  was,  in  1829, 
a  depth  of  twenty  feet  (sufficient  to  float  a  frigate)  at  one  point  in  the 
harbor  of  that  port,  where,  only  forty-eight  years  before,  there  stood  a 
cliff  fifty  feet  high,  with  houses  upon  it !  If  once  in  half  a  century  au 
equal  amount  of  change  were  pitxluced  suddenly  by  the  momentary 
shock  of  an  earthquake,  history  would  be  filled  with  records  of  such  won- 
derful revolutions  of  the  earth's  surface  ;  but,  if  the  conversion  of  high 
bnd  into  deep  sea  be  gradual,  it  excites  only  local  attention.  The  flag- 
staff of  the  Preventive  Service  station,  on  the  south  side  of  this  harbor, 
was  thrice  removed  inland  between  the  years  1814  and  1829,  in  conse- 
quence of  the  advance  of  the  sea. 

Farther  to  the  south  we  find  clifls,  composed,  like  those  of  Holder- 
nesa  before  mentioned,  of  alternating  strata  of  blue  clay,  gravel,  loam, 
and  fine  sand.  Although  they  sometimes  exceed  300  feet  in  height,  the 
havoc  made  on  the  coast  is  most  formidable.    The  whole  site  of  ancient 
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Cromer  now  forms  part  of  the  German  Ocean,  the  inhabitants  haviii^ 
gradually  retreated  inland  to  their  present  situation,  from  wh^oe  the 
sea  still  threatens  to  dislodge  them.  In  the  winter  of  1825»  a  fallen 
mass  was  precipitated  from  near  the  lighthouse,  which  covered  twelve 
acres,  extending  far  into  the  sea,  the  cWSb  being  250  feet  in  hdght* 
The  undermining  by  springs  has  sometimes  caused  large  portions  of  the 
upper  part  of  the  cliffs,  with  houses  still  standing  upon  them,  to  give 
way,  so  that  it  is  impossible,  by  erecting  breakwaters  at  the  base  of  the 
cliffs,  permanently  to  ward  off  the  danger. 

On  the  same  coast,  says  Mr.  R.  0.  Taylor,  the  ancient  villages  of 
Sbipden,  Wimpwell,  and  Eccles  have  disappeared ;  several  manors  and 
large  portions  of  neighboring  parishes  having,  piece  after  piece,  beea 
swallowed  up ;  nor  has  there  been  any  mtermission,  from  time  imme* 
morial,  in  the  ravages  of  the  sea  along  a  line  of  coast  twenty  miles  in 
length,  in  which  these  places  stood  .f  Of  Eccles,  however,  a  monu- 
ment still  remains  in  the  ruined  tower  of  the  old  church,  which  is  half 
buried  in  the  dunes  of  sand  within  a  few  paces  (60  ?)  of  the  sea-beach 
(fitC.  31).     So  early  as  1605  the  inhabitants  petitioned  James  I.  for  a 


Fig.  31. 


Tow«r  of  tbe  buried  Church  of  EodM,  Norfolk,  A.  i».  1889. 

The  inland  slope  of  the  hUla  of  blown  land  is  shown  In  this  Tiew,  with  the  Ugfatbomie  of 

Hssborongfa  in  tbe  dtstanoai 

reduction  of  taxes,  as  SOO  acres  of  land,  and  all  their  houses,  save  foui- 
teen,  had  then  been  destroyed  by  the  sea.  Not  one  half  that  number 
of  acres  now  remains  in  the  parish,  and  hills  of  blown  sand  now  occupy 
the  site  of  the  houses  which  were  still  extant  in  1605.  When  I  visited 
the  spot  in  1839,  the  sea  was  fast  encroaching  on  tbe  sand-hills,  and 
had  laid  open  on  the  beach  the  foundations  of  a  house  fourteen  yards 
square,  the  upper  part  of  which  had  evidently  been  pulled  down  before 
it  had  been  buried  uiider  sand.  The  body  of  the  church  has  also  been 
long  buried,  but  the  tower  still  remains  visible. 


•  Taylors  Geology  of  East  Norfolk,  p.  82. 


t  Ibid. 
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M.  E.  de  Beaumont  has  suggested  that  sand-dunes  in  Holland  and 
other  countries  may  serve  as  natural  chronometers,  hy  which  the  date 
of  the  existing  continents  may  be  ascertained.  The  sands,  he  says,  are 
continually  blown  inland  by  the  force  of  the  winds,  and  by  observing 
the  rate  of  their  march  we  may  calculate  the  period  when  the  move- 
ment commenced.*  But  the  example  just  given  will  satisfy  every  ge- 
ologist that  we  cannot  ascertain  the  starting-point  of  dunes,  all  coasts 
being  liable  to  waste,  and  the  shores  of  the  Low  Countries  in  particular, 
being  not  only  exposed  to  inroads  of  the  sea,  but,  as  M.  do  Beaumont 
himself  has  well  shown,  having  even  in  historical  times  undergone  a 
change  of  leveL  The  dunes  may  indeed,  in  some  cases,  be  made  use 
of  as  chronometers,  to  enable  us  to  assign  a  minimum  of  antiquity  to 
existing  coast-lines ;  but  this  test  must  be  applied  with  great  caution,  so 
variable  is  the  rate  at  which  the  sands  may  advance  into  the  interior. 

Hills  of  blown  sand,  between  Eccles  and  Winterton,  have  barred  up 
aiid  excluded  the  tide  for  many  hundred  years  from  the  mouths  of 
several  small  estuaries  ;  but  there  are  records  of  nine  breaches,  from  20 
to  120  yards  wide,  having  been  made  through  these,  by  which  immense 
damage  was  done  to  the  low  grounds  in  the  interior.  A  few  miles 
south  of  Happisbnrgh,  also,  are  hQls  of  blown  sand,  which  extend  to 
Yarmouth.  These  dunes  afford  a  temporary  protection  to  the  coast, 
and  an  mland  cliff  about  a  mile  long,  at  Winterton,  shows  clearly  that 
at  that  point  the  sea  must  have  penetrated  formerly  farther  than  at 
present. 

Silting  up  of  estuaries, — At  Yarmouth,  the  sea  has  not  advanced 
upon  the  sands  in  the  slightest  degree  since  the  rdgn  of  Elizabeth.  In 
the  time  of  the  Saxons,  a  great  estuary  extended  as  far  as  Norwich, 
which  city  is  represented,  even  in  the  thirteenth  and  fourteenth  centu- 
ries, as  *'  situated  on  the  banks  of  an  arm  of  the  sea.'**  The  sands 
whereon  Yarmouth  is  built,  first  became  firm  and  habitable  ground 
about  the  year  1008,  from  which  time  a  line  of  dunes  has  gradually  in- 
creased in  height  and  breadth,  stretching  across  the  whole  entrance  of 
the  ancient  estuary,  and  obstructing  the  ingress  of  the  tides  so  com- 
pletely, that  they  are  only  admitted  by  the  narrow  passage  which  the 
river  keeps  open,  and  which  has  gradually  shifted  several  miles  to  the 
south.  The  or(Unary  tides  at  the  river's  mouth  rise,  at  present,  only  to 
the  height  of  three  or  four  feet,  the  spring  tides  to  about  eight  or  nine. 
•  By  the  exclusion  of  the  sea,  thousands  of  acres  in  the  interior  have 
beccvne  cultivated  lands ;  and,  exclusive  of  smaller  pools,  upwards  of 
ttxty  freshwater  lakes  have  been  formed,  varying  in  depth  from  fifteen 
to  thirty  feet»  and  in  extent  from  one  acre  to  twelve  faundred.f  The 
Yaie,  flnd  otiher  rivers,  frequently  eommunioate  with  these  sheets  of 
water ;  and  thus  they  are  liable  to  be  filled  up  gradually  with  laeus- 
trine  and  fluviatUe  deposits,  and  to  be  converted  into  land  covered  with 


*  Pe  BeanmoDt^  G^logie  Pratiqae,  p. 
f  Taylor's  O«ology  of  But  Korfdk,  jk 
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forests.  Yet  it  must  not  be  imagiiied,  that  the  acqnisitioii  of  new  land 
fit  for  cultivation  in  Korfolk  and  Suffolk  indicates  any  permanent  growtk 
of  the  eastern  limits  of  our  island  to  compensate  its  reiterated  losses. 
No  delta  can  form  on  such  a  shore. 

Immediately  off  Yarmouth,  and  parallel  to  the  shore,  is  a  great  range 
of  sand-banks,  the  shape  of  which  yaries  slowly  from  year  to  year,  and 
often  suddenly  after  great  storms.  Captain  Hewitt,  R.  N.,  found  in 
these  banks,  m  1836,  a  broad  channel  sixty-five  feet  deep,  where  there 
was  only  a  depth  of  four  feet  during  a  prior  survey  in  1822.  The  sea 
had  excavated  to  the  depth  of  sixty  feet  in  the  course  of  fourteen  years, 
or  perhaps  a  shorter  period.  The  new  channel  thus  formed  serves  at 
present  (1838),  for  the  entrance  of  ships  into  Yarmouth  Roads ;  and 
the  magnitude  of  this  change  shows  how  easily  a  new  set  of  the  waves 
and  purrents  might  endanger  the  submergence  of  the  land  gained  within 
the  ancient  estuary  of  the  Yare. 

That  great  banks  should  be  thrown  across  the  mouths  of  estuaries  on 
our  eastern  coast,  where  there  is  not  a  large  body  of  river- water  to 
maintain  an  open  channel,  is  perfectly  intelligible,  when  we  bear  in  mind 
that  the  marine  current,  sweeping  along  the  coast,  is  charged  with  the 
materials  of  wasting  clifi&,  and  ready  to  form  a  bar  anywhere  the  instant 
its  course  is  interrupted  or  checked  by  any  opposing  stream.  The  mouth 
of  the  Yare  has  been,  within  the  last  five  centuries,  diverted  about  four 
miles  to  the  south.  In  like  manner  it  b  evident  that,  at  some  remote 
period,  the  river  Aide  entered  the  sea  at  Aldborough,  until  its  ancient 
outlet  was  barred  up  and  at  length  transferred  to  a  point  no  less  than 
ten  miles  distant  to  the  southwest.  In  this  case,  ridges  of  sand  and 
shingle,  like  those  of  Lowestoff  Ness,  which  will  be  described  by  and 
by,  have  been  thrown  up  between  the  river  and  the  sea ;  and  an  an- 
cient sea-cliff  is  to  be  seen  now  inland. 

It  may  be  asked  why  the  rivers  on  our  east  coast  are  always  deflected 
southwards,  although  the  tidal  current  flows  alternately  from  the  south 
and  north  ?  The  cause  is  to  be  found  in  the  superior  force  of  what  is 
commonly  called  "  the  flood  tide  from  the  north,"  a  tidal  wave  derived 
from  the  Atiantic,  a  small  part  of  which  passes  eastward  up  the  English 
Channel,  and  through  the  Straits  of  Dover  and  then  northwards,  while 
the  principal  body  of  water,  moving  much  more  rapidly  in  a  more  open 
sea,  on  the  western  side  of  Britain,  first  passes  the  Orkneys,  and  then 
turning,  flows  down  between  Norway  and  Scotland,  and  sweeps  witb 
great  velocity  along  our  eastern  coast  It  is  well  knovm  that  the  high- 
est tides  on  this  coast  are  occasioned  by  a  powerful  northwest  wind, 
which  raises  the  eastern  part  of  the  Atlantic,  and  causes  it  to  pour  a 
greater  volume  of  water  into  the  German  Ocean.  This  circumstance  of 
a  violent  offshore  wind  being  attended  with  a  rise  of  the  waters,  instead 
of  a  general  retreat  of  the  sea»  naturally  excites  the  wonder  of  the  in- 
habitants of  our  coast.  In  many  districts  they  look  with  confidence  for 
a  rich  harvest  of  that  valuable  manure,  the  sea- weed,  when  the  norlL- 
westerly  gales  prevail,  and  are  rarely  disappointed. 
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Coast  of  Suffolk.^The  clifi&  of  Suffolk,  to  which  we  next  proceed, 
are  somewhat  less  elevated  than  those  of  Norfolk,  but  composed  of 
dixHlar  alternations  of  clay,  sand,  and  gravel.  From  Gorleston  in  Suf- 
folk, to  within  a  few  miles  north  of  Lowestoff,  the  clifb  are  slowly 
undermined.  Near  the  last-mentioned  town,  there  is  an  inland  cliff 
about  sixty  feet  high,  the  sloping  talus  of  which  is  covered  with  turf 
and  heath.  Between  the  cliff  and  the  sea  is  a  low  fiat  tract  of  sand 
called  the  Ness,  nearly  three  miles  long,  and  for  the  most  part  out  of 
reach  of  the  highest  tides.    The  point  of  the  Ness  projects  from  the 

Fig.  891 


M»p  of  lowettoff  Nasi,  Sulblk.* 

Mf  a.   Th«  dotted  Uiwb  expires  a  seriM  of  sand  and  ■hinglfl^  fonning  th«  extremity  of  the  trlai^ 

gnlar  apaoe  called  the  MeM. 
>,  d,  b.    The  dark  line  repreaenta  the  inland  cliff  on  whloh  the  town  of  Loweatoff  atanda,  b^ 

tveen  which  and  the  aea  is  the  Nesa. 

base  of  the  original  cliff  to  the  distance  of  660  yards.  This  accession 
of  land,  says  Mr.  Taylor,  has  been  effected  at  distinct  and  distant  inter- 
vals, by  the  influence  of  currents  running  between  the  land  and  a  shoal 
about  a  mile  off  Lowestoff,  called  the  Holm  Sand.  The  lines  of  growth 
in  the  Ness  are  indicated  by  a  series  of  concentric  ridges  or  embank- 
ments mclosing  limited  areas,  and  several  of  these  ridges  have  been 
formed  within  the  observation  of  persons  now  living.  A  rampart  of 
heavy  materials  is  first  thrown  up  to  an  unusual  altitude  by  some 
extraordinary  tide,  attended  with  a  violent  gale.  Subsequent  tides 
extend  the  base  of  this  high  bank  of  shingle,  and  the  interstices  are 
then  filled  with  sand  blown  from  the  beach.  The  Arundo  and  other 
marine  plants  by  degrees  obtain  a  footing;  and  creeping  along  the 
ridge,  give  solidity  to  the  mass,  and  form  in  some  cases  a  matted  cov« 
ering  of  turf.  Meanwhile  another  mound  is  forming  externally,  which 
by  the  like  process  rises  and  gives  protection  to  the  first  If  the  sea 
forces  its  way  through  one  of  the  external  and  incomplete  mounds,  the 
breach  is  soon  repaired.  After  a  while  the  marine  plants  within  the 
areas  inclosed  by  these  embankments  are  succeeded  by  a  better  species 
of  herbage  affording  good  pasturage,  and  the  sands  become  sufficiently 
firm  to  support  buildings. 

Destruction  of  Dunwich  hy  the  sea, — Of  the  gradual  destruction  of 
Bunwich,  once  the  most  considerable  seaport  on  this  coast,  we  have 
many  authentic  records.     Gardner,  in  his  history  of  that  borough,  pub- 

♦  From  Mr.  R.  0.  Tayldr'a  Mem.,  ace  PlnL  Mag,  Oct  1SS7,  p.  S»7. 
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liahed  in  1754,  shows,  by  reference  to  doonmenta,  beginning  with 
Doomsday  Book,  that  the  cliffs  at  Danwich,  Sonthwold,  Eastern,  and 
Pakefidd,  hare  been  always  snlsject  to  wear  away.  At  Dnawicb,  in 
particular,  two  tracts  of  land  wluch  had  been  taxed  in  the  eleventh  cen- 
tury, in  the  time  of  King  Edward  the  Confessor,  are  mentioned  in  the 
Conqueror's  survey,  made  but  a  few  years  afterwards^  as  having  been 
devoured  by  the  sea.  The  losses,  at  a  subsequent  period,  of  a  moaas- 
tery,-*-at  another  of  several  churches^ — afterwards  of  the  old  port,-^ 
then  of  four  hundred  houses  at  once,— of  the  church  of  St.  Leonard, 
the  high-road,  town-hall,  jail,  and  many  other  buildings,  are  men- 
tioned, with  the  dates  when  they  perished.  It  b  stated  that,  in  the 
sixteenth  century,  not  oneH^uarter  of  the  town  was  left  standing ;  yet 
the  inhabitants  retreating  inland,  the  name  was  preserved,  as  has  heen 
the  case  wii;h  many  other  ports  when  their  ancient  site  has  been  blot- 
ted out.  There  is,  however,  a  church  of  considerable  antiquity  still 
standing,  the  last  of  twelve  mentioned  in  some  records.  In  1740,  the 
laying  open  of  the  churchyard  of  St.  Nicholas  and  St.  Francis,  in  the 
sea-clifib,  is  well  described  by  Qardner,  with  the.cofiSns  and  skeletons 
exposed  to  view — some  lying  on  the  beach,  and  rocked 

**  In  cradle  of  the  rude  imperious  surged 

Of  these  cemeteries  no  remdns  can  now  be  seen.  Ray  also  says,  *'  that 
ancient  writings  make  mention  of  a  wood  a  mile  and  a  half  to  the  east 
of  Dunwich,  the  site  of  which  must  at  present  be  so  far  within  the 
sea."  *  This  city,  once  so  flourishing  and  populous,  is  now  a  small 
village,  with  about  twenty  bouses,  and  one  hundred  inhabitents. 

There  is  an  old  tradition,  **  that  the  teilors  sat  in  their  shops  at 
Dunwich,  and  saw  the  ships  in  Yarraoulh  Bay  ;**  but  when  we  con- 
sider how  far  the  coast  at  Lowestoff  Ness  projects  between  these  places, 
we  cannot  give  credit  to  the  tale,  which,  nevertheless,  proves  how  much 
the  inroads  of  the  sea  in  times  of  old  had  prompted  men  of  lively  ima- 
gination to  indulge  their  taste  for  the  marvellous. 

Gardner's  description  of  the  cemeteries  laid  open  by  the  waves  re- 
minds us  of  the  scene  which  has  been  so  well  depicted  by  Bewick,f 
and  of  which  numerous  points  on  the  same  coast  might  have  suggested 
the  idea.  On  the  verge  of  a  cliff,  which  the  sea  has  undermined,  are 
represented  the  unshaken  tower  and  western  end  of  an  abbey.  The 
eastern  aisle  is  gone,  and  the  pillars  of  the  cloister  are  soon  to  follow. 
The  waves  have  almost  isolated  the  promontory,  and  invaded  the  cem- 
etery, where  they  have  made  sport  with  the  mortal  relics,  and  thrown 
up  a  skull  upon  the  beach.  In  the  foreground  is  seen  a  broken  tomb- 
stone, erected,  as  its  legend  tells,  "  to  perpetuate  the  memory*' — of 
one  whose  name  is  obliterated,  as  is  that  of  the  county  for  which  he 
was  "  Custos  Rotulorum.*'    A  cormorant  is  perched  on  the  monument^ 

*  Consequences  of  the  Deluee,  Phys.  TheoL  Disoourses. 
f  History  of  British  Birtis,  vol  H  p.  220  ed.  1821. 
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defiluig  it»  08  if  to  ranuAd  scmie  moraliacr  like  Hamlet^  of  "  die  base 
toes"  to  which  tlungs  sacred  may  be  tunied.  Had  this  excellent  artist 
desired  to  satirise  certain  popular  themes  of  geology,  he  might  have 
inscribed  the  stone  to  the  memory  of  some  philosopher  who  taught 
^  the  permanency  of  existing  continents"—*'  the  era  of  repose" — *'  the 
impotence  of  modem  causes." 

The  incursions  of  the  sea  at  Aldborough,  were  formerly  very  destruc- 
tive, and  this  borough  is  known  to  have  been  once  situated  a  quarter  of 
a  mile  east  of  the  present  shore.  The  inhabitants  continued  to  build 
farther  inland,  till  ihey  arrived  at  the  extremity  of  their  property,  and 
then  the  town  decayed  greatly ;  but  two  sand-banks,  thrown  up  at  a 
short  distance,  now  aflford  a  temporary  safeguard  to  the  coast.  Between 
these  banks  and  the  present  shore,  where  the  current  now  flows,  the 
sea  is  twenty-four  feet  deep  on  the  spot  where  the  town  formerly  stood. 

JS'oeir.— -Harwich  is  said  to  have  owed  its  rise  to  the  destruction  dI 
Orwell,  a  town  which  stood  on  the  spot  now  called  '<  the  west  rocks," 
and  was  overwhdmed  by  an  inroad  of  the  sea  since  the  Conquest.  Ap- 
prehensions have  been  entertained  that  the  isthmus  on  which  Harwich 
stands  may  at  no  remote  period  become  an  island,  for  the  sea  may  be 
expected  to  make  a  breach  near  Lower  Dover  Court,  where  Beacon 
CM  is  composed  of  horizontal  beds  of  London  clay  containing  septaria. 
It  had  wasted  away  considerably  between  the  years  1829  and  1838,  at 
both  which  periods  I  examined  this  coast.  In  that  short  interval  seve- 
ral gardens  and  many  houses  had  been  swept  into  the  sea,  and  in  April, 
1838,  a  whole  street  was  threatened  with  destruction.  The  advance  of 
the  sea  is  much  accelerated  by  the  traffic  carried  on  in  septaria,  which 
are  shipped  off  for  cement  as  fast  as  they  fall  down  upon  the  beach. 
These  stones,  if  allowed  to  remain  in  heaps  on  the  shore,  would  break 
the  force  of  the  waves  and  retard  the  conversion  of  the  peninsula  into  an 
island,  an  event  which  might  be  followed  by  the  destruction  of  the  town 
of  Harwich.  Captmn  Washington,  R.  N.,  ascertained  in  1847,  that 
Beacon  Cliff,  above  mentioned,  which  is  about  fifty  feet  high,  had  given 
way  at  the  rate  of  forty  feet  in  forty-seven  years,  between  1709  and 
1756;  eighty  feet  between  1756  and  1804;  and  three  hundred  and 
fifty  feet  between  the  latter  period  and  1841 ;  showmg  a  rapidly  accel- 
erated rate  of  destruction.* 

Among  other  losses  it  is  recorded  that,  since  the  year  1807,  a  field 
called  the  Vicar's  Field,  which  belonged  to  the  living  of  Harwich,  has 
been  overwhelmed;!  and  in  the  year  1820  there  was  a  considerable 
space  between  the  battery  at  Harwich,  built  in  the  beginning  of  the 
present  century,  and  the  sea ;  part  of  the  fortification  had  been  swept 
away  in  1829,  and  the  rest  then  overhung  the  water. 

At  Walton  Naze,  in  the  same  county,  the  clifl^,  composed  of  London 
elay,  capped  by  the  shelly  sands  of  the  crag,  reach  the  height  of  about 

•  Tidal  Harbor  CommiiBioners'  First  Report,  1846,  p.  17«. 
t  On  authority  of  Dr.  Mitchell,  F.G.  & 
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100  feet,  and  are  annually  undermined  by  the  waves.  The  old  cliurch« 
yard  of  Walton  has  been  washed  away,  and  the  clifis  to  the  south  are 
constantly  disappearing. 

Kent. — Isle  of  Skeppey, — On  the  coast  bounding  the  estuary  of  the 
Thames,  there  are  numerous  examples  both  of  the  gain  and  loss  of  land. 
The  Isle  of  Sheppey,  which  is  now  about  sir  miles  long  by  four  in 
breadth,  is  composed  of  London  clay.  The  clifis  on  the  north,  which 
are  from  sixty  to  eighty  feet  high,  decay  rapidly,  fifty  acres  having  been 
lost  in  twenty  years,  between  1810  and  1830.  The  church  at  Minster, 
now  near  the  coast,  is  said  to  have  been  in  the  middle  of  the  island  in 
1780 ;  and  if  the  present  rate  of  destruction  should  continue,  we  might 
calculate  the  period,  and  that  not  a  very  remote  one,  when  the  whole 
island  will  be  annihilated.  On  the  coast  of  the  mainland,  to  the  east  ot 
Sheppey,  is  Heme  Bay :  a  place  still  retaining  the  name  of  a  bay,  al- 
though it  is  no  longer  appropriate,  as  the  waves  and  currents  have 
swept  away  the  ancient  headlands.  There  was  formerly  a  small  prom- 
ontory in  the  line  of  the  shoals  where  the  present  pier  is  built,  by  which 
the  larger  bay  was  divided  into  two,  called  the  Upper  and  Lower.* 

Pifrsa 


View  of  BMolrer  Chnrch,  taken  in  the  year  1781. 

1.  ble  of  Sheppey.    8.  Ancient  chapel  now  destroyed.    The  oottase  between  this  chapel  and  tfa* 

cliff  was  demolished  by  the  sea,  in  1782. 

Still  farther  east  stands  the  church  of  Reculver,  upon  a  cliff  composed 
of  clay  and  sand,  about  twenty-five  feet  high.  Reculver  (Regulvium) 
was  an  important  military  station  in  the  time  of  the  Romans,  and  ap- 
pears, from  Leland's  account,  to  have  been,  so  late  as  Henry  VIII.'s 
reign,  nearly  one  mile  distant  from  the  sea.  In  the  *'  Gentleman's  Mag- 
azine," there  is  a  view  of  it,  taken  in  1781,  which  still  represents  a  con- 
siderable space  as  intervening  between  the  north  wall  of  the  churchyard 
and  the  cliff-f  Sometime  before  the  year  1780,  the  waves  had  reached 
the  site  of  the  ancient  Roman  camp  or  fortification,  the  walls  of  which 

*  On  the  authority  of  W.  Gunnell,  Esq.,  and  W.  Richardson,  Esq.,  F.  G.  & 
t  VoL  il  New  Ser.  1809,  p.  801. 
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had  continued  for  several  years  after  they  were  undermined  to  overhang 
the  sea,  being  firmly  cemented  into  one  mass.  They  were  eighty  yards 
nearer  the  sea  than  the  church,  and  they  are  spoken  of  in  the  "  Topo- 
graphica  Britannica,"  in  the  year  1780,  as  having  recently  fallen  down. 
In  ld04,  part  of  the  churchyard  with  some  adjoining  houses  was  washed 
away,  and  the  ancient  church,  with  its  two  spires,  was  dismantled  and 
abandoned  as  a  place  of  worship,  but  kept  in  repair  as  a  landmark  well 
known  to  mariners.  I  visited  ^e  spot  in  June,  1851,  and  saw  human 
booes  and  part  of  a  wooden  coffin  projecting  from  the  clifif,  near  the 
top.    The  whole  building  would  probably  have  been  swept  away  long 


SoealTtf  Ohnrab,  in  1884. 

^  this,  had  not  the  force  of  the  waves  been  checked  by  an  artificial 
causeway  of  stones  and  large  wooden  piles  driven  into  the  sands  on  the 
beach  to  break  the  force  of  the  waves. 

Ule  of  Tlumet. — The  isle  of  Thanet  was,  in  the  time  of  the  Romans, 
separated  from  the  rest  of  Kent  by  a  navigable  channel,  through  which 
^be  Roman  fleets  sailed  on  their  way  to  and  from  London.  Bede  de- 
scribes this  small  estuary  as  heing,  in  the  beginning  of  the  eighth 
century,  three  furlongs  in  breadth ;  and  it  b  supposed  that  it  began  to 
^w  shallow  about  the  period  of  the  Norman  conquest.  It  was  so  far 
silted  up  in  the  year  1485,  that  an  act  was  then  obtained  to  build  a 
bridge  across  it ;  and  it  has  since  become  marsh  land  with  small  streams 
inning  through  it.  On  the  coast.  Bedlam  Farm,  belonging  to  the 
[  of  that  name,  lost  eight  acres  in  the  twenty  years  precedmg 
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1830,  the  land  being  composed  of  chalk  from  forty  to  fifty  feet  abow 
the  level  of  the  sea.  It  has  been  computed  that  tlie  average  waste  of 
the  cliff  between  the  North  Foreland  and  the  Beoolvert,  a  distance  of 
about  eleven  miles,  is  not  less  than  two  feet  per  annum*  The  chalk 
cliflb  on  the  south  of  Thanet,  between  Ramsgate  and  PegweU  Bay,  hare 
on  an  average  lost  three  feet  per  annum  for  the  last  ten  years  (preced- 
ing 1830). 

Goodwin  Sonds.'^The  Ooodwin  Sands  lie  oppoate  this  part  of  the 
Kentish  coast  They  are  about  ten  miles  in  length,  and  are  in  some 
parts  three,  and  in  others  seven,  miles  distant  from  the  shore ;  and,  for 
a  certain  space,  are  laid  bare  at  low  water.  That  they  are  a  remnant  of 
land,  and  not  **  a  mere  accumulation  of  sea  sand,"  as  Rennell  imagined,* 
may  be  presumed  from  the  fact  that,  when  the  erection  of  a  lighthouse 
on  this  shoal  was  m  contemplation  by  the  Trinity  Board  in  the  year 
1817,  it  was  found,  by  borings,  that  the  bank  consisted  of  fifteen  feet 
of  sand,  resting  on  blue  clay ;  and,  by  subsequent  borings,  the  subjacent 
chalk  has  been  reached.  An  obsoure  tradition  has  come  down  to  us, 
that  the  estates  of  Earl  Ooodwin,  the  father  of  Harold,  who  died  m  the 
year  1053,  were  situatlBd  here,  and  some  have  conjectured  that  they 
were  overwhelmed  by  the  flood  mentioned  iQ  the  Saaon  chronicle,  <ti6 
anno  1099.  The  last  remains  of  an  island,  consisting,  like  Sheppey,  of 
clay,  may  perhaps  have  been  carried  away  about  that  time. 
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There  are  other  records  of  waste  in  ^e  county  of  Kent,  as  at  Deal ; 
and  at  Dover,  where  Shakspeare's  Cliff,  composed  entirely  of  chalky  has 
suffered  greatly,  and  continually  dimimshes  in  height,  the  slope  of  the 
hill  being  towards  the  land.  (See  fig.  35.)  There  was  an  imm^n^w 
landslip  from  this  cliff  in  1810,  by  whicli  Dover  was  shaken  as  if  by  an 


*  Oeqg.  of  Herod,  vol  il  p.  826w 
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frthqwahiv  aod  a  still  greater  one  in  1773.*  We  maj  sappose.  there- 
fore, tliat  the  view  from  the  top  oi  the  preeipice  in  the  year  1600»  when 
the  tragedy  of  King  Lear  waa  written,  waa  more  <<  fearfnl  and  diuy" 
than  it  is  now*  The  best  aatiqnarian  authorities  are  agreed,  that  Dover 
Harbor  was  formerly  an  estoary,  the  sea  flowing  up  a  yalley  between 
the  chalk  hills.  The  remains  found  in  different  excayations  eoofirm  the 
description  of  the  spot  given  by  CsBsar  and  Antoninus,  and  there  is 
dear  historical  evidence  to  prove  that  at  an  early  period  there  was  no 
shingle  at  all  ai  Dover.f 

StraiU  of  Dowr. — ^In  proceeding  from  the  northern  parts  of  the 
Geimaa  Ocean  towards  the  Straits  of  Dover,  the  water  b^mes  grad- 
Qdly  more  shallow,  so  that,  in  the  distance  of  about  two  hundred 
leagues,  we  pass  from  a  depth  of  120  to  that  of  58,  88,  18,  and  even 
kas  than  2  fathoms.  The  shallowest  part  follows  a  line  drawn  between 
Bomney  Marsh  and  Boulogne.  From  this  point  the  English  Channel 
again  deepens  progressivdy  as  we  proceed  westward,  so  that  the  Struts 
of  Dover  may  be  sud  to  part  two  seas.^ 

Whether  England  was  formerly  united  with  France  has  often  been 
a  favorite  subject  of  speculation.  So  early  as  1605  our  countryman 
Yerstegan,  in  his  <*  Antiquities  of  the  English  Nation,"  observed  that 
aoany  preceding  writers  had  maintained  this  opinion,  but  without  sup- 
porting it  by  any  weighty  reasons.  He  accordingly  endeavors  himself 
to  confirm  it  by  various  arguments,  the  principal  of  which  are,  first,  the 
proximity  and  identity  of  the  composition  of  the  opposite  cliffii  and 
shores  of  Albion  and  Oallia,  which,  whether  flat  and  sandy,  or  steep 
and  chalky,  correspond  exactly  with  each  other ;  secondly  the  occur- 
rence of  a  submarine  ridge,  called  "  our  Lady's  Sand,"  extending  from 
shore  to  shore  at  no  great  depth,  and  which,  from  its  composition, 
appears  to  be  the  orig^al  basis  of  the  isthmus ;  thirdly,  the  identity  of 
the  noxioys  animals  in  France  and  England,  which  could  neither  have 
swum  across,  nor  have  been  introduced  by  man.  Thus  no  one,  he  says, 
would  have  imported  wolves,  therefore  "these  wicked  beasts  did  of 
themselves  pass  over."  He  supposes  the  ancient  isthmus  to  have  been 
about  six  English  miles  in  breadth,  composed  entirely  of  chalk  and  flint, 
and  in  some  places  of  no  great  height  above  the  sea-level.  The  opera- 
tion of  the  waves  and  tides,  he  says,  would  have  been  more  powerful 
when  the  straits  were  narrower,  and  even  now  Uiey  are  destroying  clifis 
composed  of  similar  materials.  He  suggests  the  possible  co-operation 
of  earthquakes;  and  when  we  consider  how  many  submarine  forests 
skirt  the  southern  and  eastern  shores  of  England,  and  that  there  are 
raised  beaches  at  many  points  above  the  sea-level,  containing  fossil 
shells  of  recent  species,  it  seems  reasonable  to  suppose  that  such  up- 

«  Dodsley's  Add.  RegUt  1772. 

f  See  J.  B.  Redman  on  Changes  of  S.  E.  Coast  of  England,  Proceed.  Instit 
Civil  Engia  vol  il  1861, 1852. 
X  Stevenson,  Ed.  FhiL  Joorn.  Ka  v.  p.  46,  and  Dr.  Fitton,  GtooL  Transi  Sd 
y  vol  iv.  plate  9. 
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ward  and  downward  movements,  taking  place  perhaps  as  slowl j  as  those 
now  m  progress  in  Sweden  and  Greenhmd,  may  have  greatly  assisted  the 
denuding  force  of  "  the  ocean  stream/'  norof&oio  i^sya  (f^svog  Oxsavoib. 

FclksUme, — ^At  Folkstone,  the  sea  undermines  the  chalk  and  subja- 
cent strata.  About  the  year  1716  there  was  a  remarkable  anking  of  a 
tract  of  land  near  the  sea,  so  that  houses  became  visible  from  certain 
points  at  sea,  and  from  particular  spots  on  the  sea  clifiu,  from  whence 
they  could  not  be  seen  previously.  In  the  description  of  this  subsi- 
dence in  the  Phil.  Trans.  1716,  it  is  said,  "  that  the  land  consisted  of  a 
solid  stony  mass  (chalk),  resting  on  wet  clay  (gault),  so  that  it  slid 
forwards  towards  the  sea,  just  as  a  ship  is  launched  on  tallowed  planks.'' 
It  is  also  stated  that,  within  the  memory  of  persons  then  living,  the 
cliff  there  had  been  washed  away  to  the  extent  of  ten  rods. 

Encroachments  of  the  sea  at  Hy  the  are  also  on  record ;  but  between 
this  point  and  Rye  there  has  been  a  gain  of  land  within  the  times  of 
history ;  the  rich  level  tract  called  Romney  Marsh,  or  Dungeness,  about 
ten  miles  in  width  and  five  in  breadth,  and  formed  of  silt,  having  re- 
ceived great  accession.  It  has  been  necessary,  however,  to  protect  it 
from  the  sea,  from  the  earliest  periods,  by  embankments,  the  towns  of 
Lydd  and  Romney  being  the  only  parts  of  the  marsh  above  the  level  of 
the  highest  tides.*  Mr.  Redman  has  cited  numerous  old  charts  and 
trustworthy  authorities  to  prove  that  the  average  annual  increase  of  the 
promontory  of  shingle  called  Dungeness  amounted  for  two  centuries, 
previous  to  1844,  to  nearly  six  yards.  Its  progress,  however,  has 
fluctuated  during  that  period ;  for  between  1689  and  1794,  a  term  of 
105  years,  the  rate  was  as  much  as  8}  yards  per  annum.f  It  is  ascer- 
tained that  the  shingle  is  derived  from  the  westward.  Whether  the 
pebbles  are  stopped  by  the  meeting  of  the  tide  from  the  north  flowing 
through  the  Straits  of  Dover,  with  that  which  comes  up  the  Channel 
from  the  west,  as  was  formerly  held,  or  by  the  check  given  to  the  tidal 
current  by  the  waters  of  the  Rother,  as  some  maintain,  is  still  a  disputed 
question. 

Rye,  situated  to  the  south  of  Romney  Marsh,  was  once  destroyed  by 
the  sea,  but  it  is  now  two  miles  distant  from  it.  The  neighboring  town 
of  Winchelsea  was  destroyed  in  the  reign  of  Edward  I.,  the  mouth  of 
the  Rother  stopped  up,  and  the  river  diverted  into  another  channel. 
In  its  old  bed,  an  ancient  vessel,  apparently  a  Dutch  merchantman, 
was  found  about  the  year  1824.  It  was  built  entirely  of  oak,  and  much 
blackened.^  Large  quanUties  of  hazel-nuts,  peat,  and  wood  are  found 
in  digging  in  Romney  Marsh. 

South  coast  of  England. — ^Westward  of  Hastings,  or  of  St  Leonard's, 
the  shore  line  has  been  giving  way  as  far  as  Pevensey  Bay,  where  for- 
merly there  existed  a  haven  now  entirely  blocked  up  by  shingle.    The 

•  On  the  authority  of  Mr.  J.  Meryon,  of  Bye. 

{Redman,  ibid,  see  p  815. 
Edin.  Jonm.  of  Sd.  Ka  adz.  p.  66. 
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degradation  has  equalled  for  a  aeries  of  years  seven  feet  per  annum  in 
some  places,  and  several  martello  towers  had  in  consequence,  before 
1851,  been  removed  by  the  Ordnance.*  At  the  promontory  of  Beachy 
Head  a  mass  of  chalk,  three  hundred  feet  in  length,  and  from  seventy 
to  eighty  in  breadth,  fell  m  the  year  1813  with  a  tremendous  crash; 
and  umilar  slips  have  since  been  frequent.f 

About  a  mile  to  the  west  of  the  town  of  Newhaven,  the  remains  of  an 
ancient  intrenchment  are  seen  on  the  brow  of  Castle  Hill.  This  earth- 
work, supposed  to  be  Roman,  was  evidently  o^ce  of  considerable  extent 
and  of  an  oval  form,  but  the  greater  part  has  been  cut  away  by  the  seik 
The  cliffs,  which  are  undermined  here,  are  high ;  more  than  ono  hun- 
dred feet  of  chalk  being  covered  by  tertiary  clay  and  sand,  from  sixty  to 
seventy  feet  in  thickness.  In  a  few  centuries  the  last  vestiges  of  the 
plastic  clay  formation  on  the  southern  borders  of  the  chalk  of  the  South 
Downs  on  this  coast  will  probably  be  annihilated,  and  future  geologists 
will  learn,  from  historical  documents,  the  ancient  geographical  boundaries 
of  this  group  of  strata  in  that  direction.  On  the  opposite  side  of  the 
estuary  pf  the  Ous^  on  the  east  of  Newhaven  harbor,  a  bed  of  shiugle, 
composed  of  chalk  flints  derived  from  the  waste  of  the  adjoining  clifis, 
had  accumulated  at  Seaford  for  several  centuries.  In  the  great  storm 
H  November,  1824,  this  bank  was  entirely  swept  away,  and  the  town 
of  Seaford  inundated.  Another  great  beach  of  shingle  is  now  forming 
from  fresh  materials. 

The  whole  coast  of  Sussex  has  been  incessantly  encroached  upon  by 
the  sea  from  time  immemorial ;  and,  although  sudden  inundations  only, 
which  overwhelmed  fertile  or  inhabited  tracts,  are  noticed  in  history,  the 
records  attest  an  extraordinary  amount  of  loss.  During  a  period  of  no 
more  than  eighty  years,  there  are  notices  of  about  itoenty  inroads,  in 
which  tracts  of  land  of  from  twenty  to  four  hundred  acres  in  extent  were 
overwhelmed  at  once,  the  value  of  the  tithes  being  mentioned  in  the 
Taxatio  Ecclesiastica.^  In  the  reign  of  Elizabeth,  the  town  of  Brighton 
was  situated  on  that  tract  where  the  chain  pier  now  extends  into  the  sea. 
In  the  year  1665,  twenty-two  tenements  had  been  destroyed  under  the 
cliff.  At  that  period  there  still  remained  under  the  cliff  113  tenements, 
tiie  whole  of  which  were  overwhelmed  in  1703  and  1705.  No  traces  of 
the  ancient  town  are  now  perceptible,  yet  there  is  evidence  that  the  sea 
has  merely  resumed  its  ancient  position  at  the  base  of  the  cliffs,  the  site 
of  the  whole  town  having  been  merely  a  beach  abandoned  by  the  ocean 
for  ages. 

Hampshire, — Isle  of  Wight. — ^It  would  be  endless  to  allude  to  all 
the  localities  on  the  Sussex  and  Hampshire  coasts  where  the  land  has 
given  way ;  but  I  may  point  out  the  relation  which  the  geological  struc- 
ture of  the  Isle  of  Wight  bears  to  its  present  shape,  as  attesting  that  the 

*  Redman  as  cited,  p.  816. 

{Webster,  Geol  Trana  voL  il  p.  192,  Ist 
Mantell,  Qeology  of  Saasez,  p.  298. 
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coast  owes  its  oatKne  to  the  continued  action  of  the  sea.  Through  the 
middle  of  the  island  rans  a  high  ridge  of  chalk  strata,  in  a  vertical  posi- 
tion, and  in  a  direction  east  and  west  This  chalk  fonns  the  projeetnig 
promontory  of  Culver  Cliff  on  the  east,  and  of  the  Needles  on  the  west; 
while  Sandown  Bay  on  the  one  side,  and  Compton  Bay  on  the  other, 
have  heen  hollowed  out  of  the  softer  sands  and  argillaceous  strata,  whidi 
are  inferior,  in  geoicgical  position,  to  tiie  chalk. 

The  same  phenomenar  are  repeated  in  the  Isle  of  Purbeck,  where  the 
line  of  vertical  chalk  forms  Uie  projecting  promontory  of  Handfast 
Pomt ;  and  Swanagc  Bay  marks  the  deep  excavation  made  by  the  waves 
in  the  softer  strata,  corresponding  to  those  of  Sandown  Bay. 

Hurst  Castle  hanh^progrtssive  motion  cftea  beaches, — ^Although  the 
loose  pebbles  and  grains  of  sand  composing  any  giv«n  line  of  sea-beach 
aiB  carried  sometimes  one  way,  sometimes  another,  they  Live,  neverthe- 
less, an  ultimate  motion  in  one  particular  direction.*  Their  progress, 
for  example,  on  the  south  coast  of  England,  is  from  west  to  east,  which 
is  owmg  partly  to  the  action  of  the  waves  driven  eastwards  by  the  pre- 
vailing wind,  and  partly  to  the  current,  or  the  motion  of  the  general 
body  of  water  caused  by  the  tides  and  winds.  The  force  of  the  waves 
gives  motion  to  pebbles  which  the  velocity  of  the  currents  alone  would 
be  unable  to  carry  forwards ;  but  as  the  pebbles  are  finally  reduced  to 
sand  or  mud,  by  contbuol  attrition,  they  are  brought  within  the  influence 
of  a  current ;  and  this  cause  must  determine  the  course  which  the  mam 
body  of  matter  derived  from  wasting  clifls  will  eventually  take. 

It  appears,  from  the  observations  of  Mr.  Pdmer  and  others,  that  if 
a  pier  or  groin  be  erected  anywhere  on  our  southern  or  southeastern 
coast  to  stop  the  progress  of  the  beach,  a  heap  of  shingle  soon  collects 
on  the  western  side  of  such  artificial  barriers.  The  pebbles  continue  to 
accumulate  till  they  rise  as  high  as  the  pier  or  groin,  after  which  they 
pour  over  in  great  numbers  during  heavy  gales.f 

The  western  entrance  of  the  Channel,  cidled  the  Solent,  is  crossed  for 
more  than  two-thirds  of  its  width  by  the  shingle-bank  of  Hurst  Castle, 
which  is  about  two  miles  long,  seventy  yards  broad,  and  twelve  feet 
high,  presenting  an  inclined  plane  to  the  west.  This  singular  bar  con- 
sists of  a  bed  of  rounded  chalk  flints,  resting  on  a  submarine  argillaceous 
base.  The  ffints  and  a  few  other  pebbles,  intermixed,  are  derived  ^m 
the  waste  of  Hordwell,  and  other  cliflfo  to  the  westward,  where  tertiary 
strata,  capped  with  a  covering  of  broken  chalk  flints,  from  five  to  fifty 
feet  thick,  are  rapidly  undermined.  In  the  great  stOrm  of  November, 
1824,  this  bank  of  shmgle  was  moved  bodily  forwards  for  forty  yards 
towards  the  northeast;  and  certain  piles,  which  served  to  mark  the 
boundaries  of  two  manors,  were  found  after  the  storm  on  the  opposite 
side  of  the  bar.     At  the  same  time  many  acres  of  pasture  land  were 

•  Sao  Palmer  on  Shingle  Beaches,  FbiL  Trana  1894,  p.  6C8* 
k  GroiDs  are  Ibrmed  of  piles  and  wocden  planks*  or  of  iagots  staked 
sod  are  used  either  to  break  the  force  of  the  waves^  or  to  retain  the  beach. 
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cohered  by  shingle,  on  thie  farm  of  Westover,  near  Lymington.  But  tlie 
\mt  was  Boon  restored  in  its  old  position  by  pebbles  drifted  from  the 
west ;  and  it  appears  from  ancient  maps  that  it  has  preserved  the  same 
general  oatline  and  position  for  eentories.* 

Mr.  Austen  remarks  that,  as  a  general  mle,  it  b  only  When  high 
tides  concur  with  a  gale  of  wind,  that  the  sea  reaches  the  bsse  of  cltfill 
so  as  to  undermine  them  and  throw  down  earth  and  stone.  But  the 
waves  are  perpetually  employed  in  abrading  and  fashioning  the  mate- 
rials already  strewed  over  the  beach.  Much  of  the  gmvel  and  shingle 
is  always  travelling  up  and  down,  between  high-water  mark  and  a  slight 
depth  below  the  level  of  the  lowest  tides,  and  occasionally  the  materials 
are  swept  away  and  carried  into  deeper  water.  Owing  to  these  move- 
ments every  portion  of  our  southern  coast  may  be  seen  at  one  time  or 
other  in  the  condition  of  bare  rock.  Yet  other  beds  of  sand  and  shingle 
soon  collect,  and,  although  composed  of  new  materials,  invariably  ex- 
hibit on  the  same  spots  precisely  nmilar  eharaeter8.f 

The  cliffs  between  Hurst  Shingle  Bar  and  Christchurch  are  under- 
mined continually,  the  sea  having  often  encroached  for  a  series  of  years 
at  the  rate  of  a  yard  annually.  Within  the  memory  of  persons  now 
living,  it  has  been  necessary  thrice  to  remove  the  coai^t-road  farther  in- 
land. The  tradition,  therefore,  is  probably  true,  that  the  church  of 
Hordwell  was  once  in  the  middle  of  that  parish,  although  now  (1880) 
very  near  the  sea.  The  promontory  of  Christchurch  Head  gives 
way  slowly.  It  is  the  only  point  between  Lymington  and  Poole  Hu*- 
bor»  in  Dorsetshire,  where  any  hard  stony  masses  occur  in  the  clifis. 
Five  layers  of  large  ferruginous  concretions,  s<Hnewhat  like  the  septaria 
of  the  London  clay,  have  occasioned  a  reststanee  at  this  point,  to  which 
we  may  ascribe  this  headland.  In  the  mean  time,  the  waves  have  cut 
deeply  into  the  soft  sands  and  k>am  of  Poole  Bay ;  and,  after  severe 
frosts,  great  landslips  take  place,  which  by  degrees  become  enlarged 
inio  narrow  ravines,  or  chines,  as  they  are  called,  with  vertical  sides. 
One  of  these  chines,  near  Boscomb,  has  been  deepened  twenty  feet 
within  a  few  years.  At  the  heaed  of  each  there  is  a  spring,  the  waters 
of  which  have  been  chiefly  instrumental  in  producing  these  narrow  ex- 
cavations, which  are  sometimes  from  100  to  150  feet  deep. 

Isle  of  Portland. — The  peninsulas  of  Purbeck  and  Portland  are  con- 
tinually wasting  away.  In  the  latter,  the  soft  aj^Uaceous  subetiatum 
(Eimmeridge  clay)  hastens  the  dilapidation  of  the  superincumbent  mass 
of  limestone. 

In  1655  the  cliflb  adjoining  the  principal  quarries  in  Portland  gave 
way  to  the  extent  of  one  hundred  yards,  and  fell  into  the  sea;  and  in 
December,  1784,  a  slide  to  the  extent  of  150  yards  occurred  on  the 
east  side  of  the  isle,  by  which  several  skeletons  buried  between  slabs  of 
stone,  were  discovered.     But  a  much  more  memorable  occurrence  of 
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«  Redman  as  cited,  p^  816. 
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this  nature^  in  1792^  occasioaed  probably  by  the  underminiDg  of  the  e\l&, 
is  thus  described  m  Hutchin's  History  of  Dorsetshire : — "  Early  in  the 
morning  the  road  was  observed  to  crack :  this  continued  increasing,  and 
before  two  o'clock  the  ground  had  sunk  several  feet,  and  was  in  one 
continued  motion,  but  attended  with  no  other  noise  than  what  was  occa- 
sioned by  the  separation  of  the  roots  and  brambles,  and  now  and  then  a 
falling  rock.  At  night  it  seemed  to  stop  a  little,  but  soon  moved  again ; 
and,  before  morning,  the  ground  from  the  top  of  the  cliff  to  the  water- 
side had  sunk  in  some  places  fifty  feet  perpendicular.  The  extent  of 
ground  that  moved  was  about  a  mile  aiid  a  quarter  from  north  to  south, 
and  600  yards  from  east  to  west." 

Formation  of  the  Chesil  Bank. — ^Portland  is  connected  with  the  main- 
land by  the  Chesil  Bank,  a  ridge  of  shingle  about  seventeen  miles  in 
length,  and,  in  most  places,  nearly  a  quarter  of  a  mile  in  breadth.  The 
pebbles  forming  this  immense  barrier  are  chiefly  siliceous,  all  loosely 
thrown  together,  and  rising  to  the  height  of  from  twenty  to  thirty  feet 
above  the  ordinary  high- water  mark;  and  at  the  southeastern  end, 
which  is  nearest  the  Isle  of  Portland,  where  the  pebbles  are  largest, 
forty  feet.  The  fundamental  rocks  whereon  the  shingle  rests  are  found 
at  the  depth  of  a  few  yards  only  below  the  level  of  the  sea.  The  for- 
mation of  that  part  of  the  bar  which  attaches  Portland  to  the  mainland 
may  have  been  due  to  an  original  shoal  or  reef,  or  to  the  set  of  the 
tides  in  the  narrow  channel,  by  which  the  course  of  the  pebbles,  which 
are  always  coming  from  the  west,  has  been  arrested.  It  is  a  singular 
fact  that,  throughout  the  Chesil  Bank,  the  pebbles  increase  gradually  m 
size  as  we  proceed  southeastward,  or  as  we  go  farther  from  the  quarter 
which  supplied  them.  Had  the  case  been  reversed,  we  should  naturally 
have  attributed  the  circumstance  to  the  constant  wearing  down  of  the 
pebbles  by  friction,  as  they  are  rolled  along  a  beach  seventeen  miles  in 
length.  But  the  true  explanation  of  the  phenomenon  is  doubtless  this : 
the  tidal  current  runs  strongest  from  west  to  east»  and  its  power  ts 
greater  in  the  more  open  channel  or  farther  from  the  land.  In  other 
words  its  force  increases  southwards,  and  as  the  direction  of  the  bank 
is  from  northwest  to  southeast,  the  size  of  the  masses  coming  from 
the  westward  and  thrown  ashore  must  always  be  laigest  where  the 
motion  of  the  water  is  most  violent.  Colonel  Held  states  that  all  cal- 
careous stones  rolled  along  from  the  west  are  soon  ground  into  sand, 
and  in  this  form  they  pass  round  Portland  Island.* 

The  storm  of  1824  burst  over  the  Chesil  Bank  with  great  fury,  and 
ihe  village  of  Chesilton,  built  upon  its  southern  extremity,  was  over- 
whelmed, with  many  of  the  inhabitants.  The  same  storm  carried  away 
part  of  the  Breakwater  at  Plymouth,  and  huge  masses  of  rock,  fronn 
two  to  five  tons  in  weight,  were  lifted  from  the  bottom  of  the  weather 
side,  and  rolled  fairly  to  the  top  of  the  pile.     One  block  of  limestone, 

*  See  Palmer  on  Hotkn  of  Shingle  Beaches,  FhiL  Trans.  1884,  p.  668;  and 
Ck)L  Sir  W.  Reid,  Papers  of  Royal  Engineers,  1888,  vol  il  p.  128. 
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weighing  seven  tons,  was  washed  roond  the  western  extremity  of  the 
Breakwater,  and  carried  150  feet.*  The  propeSing  power  is  derived  in 
these  cases  from  the  hrealdng  of  the  waves,  which  run  fastest  in  shallow 
water,  and  for  a  short  space  far  exceed  the  most  rapid  currents  in  swift- 
ness. It  was  in  the  same  month,  and  also  during  a  spring-tide,  that  a 
great  flood  is  mentioned  on  the  coasts  of  England,  in  the  year  1099. 
Florence  of  Worcester  says,  "  On  the  third  day  of  the  nones  of  Nov. 
1099,  the  sea  came  out  upon  the  shore  and  buried  towns  and  men  very 
many,  and  oxen  and  sheep  innumerable."  We  also  read  in  the  Saxon 
Chronicle,  for  the  year  1009,  "  This  year  eke  on  St.  Martin's  mass  day, 
the  11th  of  Novembre,  sprung  up  so  much  of  the  sea  flood,  and  so 
myckle  harm  did,  as  no  man  minded  that  it  ever  afore  did,  and  there 
was  the  ylk  day  a  new  moon." 

South  of  the  Bill,  or  southern  point  of  Portland,  is  a  remarkable 
shoal  in  the  channel  at  the  depth  of  seven  fathoms,  called  '*  the  Sham- 
hies/'  consisting  entirely  of  rolled  and  broken  shells  of  Purpura  lapillus, 
Mytilos  edulis,  and  other  species  now  living.  This  mass  of  light  mate- 
ria m  always  in  motion,  varying  in  height  from  day  to  day,  and  yet 
the  shoal  remains  constant. 

Dartetthire.'^Devonihire. — ^At  Lyme  Regis,  in  Dorsetshire,  the 
^  Church  Cliffs,"  as  they  are  called,  consisting  of  lias  about  one  hun- 
dred feet  in  height,  gradually  fell  away  at  the  rate  of  one  yard  a  year, 
from  1800  to  1829.t 

An  extraordinary  landslip  occurred  on  the  24  th  of  December,  1839, 
on  the  coast  between  Lyme  B«gis  and  Axmouth,  which  has  been  de- 
scribed by  the  Rev.  W.  D.  Conybeare,  to  whose  kindness  I  am  indebted 
for  the  accompanying  section,  fig.  36.     The  tract  of  downs  ranging 


Fig.  86. 


XftttdflUpi  near  Axmouth,  Deo.  1889.    (Ber.  W.  D.  Oonybeare.) 

A.  TiMt  of  Downftitfll  nmalAlng  it  fbeir  origliial  lovaL 

B.  New  r«TineL 

0^  B.  ^osk  nd  fttotmed  etilp  united  to  A,  before  the  oonTuMon. 

u,  &  Bend#&  ondercliff  as  Dofore,  bat  more  flasnred,  and  thmst  forward  abont  flltj  fre^  t 

wards  the  sea. 
F.  Prramldal  orag,  sank  from  aerenty  to  twenty  feet  In  hoi|^t 
B.  sew  reefapheeTed  from  the  sea. 

*  De  la  Beche,  Geolog.  Hanaal,  p.  82. 
f  AeoordiDg  to  the  meaaurement  of  Carpenter  of  Lyme. 
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there  along  the  coast  is  eapped  by  chalk  (A),  which  rests  on  sandstonej 
alternating  with  chert  (i),  beneath  which  is  more  than  100  feet  of  loose 
sand  (k),  with  concretions  at  the  bottom,  and  belonging  like  i  to  the 
green-sand  formation ;  the  whole  of  the  above  masses,  A,  t,  k,  reposing 
on  retentive  beds  of  claj  (l),  belonging  to  the  lias,  which  shelves  to- 
wards the  sea.  Numerous  springs  issuing  from  the  loose  sand  {k),  have 
graduallj  removed  portions  of  it,  and  thus  undermined  the  superstra- 
tum, so  as  to  have  caused  subffldences  at  former  times,  and  to  have  pro- 
duced a  line  of  undercliff  between  D  and  £.  In  1839  an  excesavely 
wet  season  had  saturated  all  the  rocks  with  moisture,  so  as  to  mcrease 
the  weight  of  the  incumbent  mass,  from  which  the  support  had  already 
been  withdrawn  by  the  action  of  springs.  Thus  the  superstrata  were 
precipitated  mto  hollows  prepared  for  them,  and  the  adjacent  masses  of 
partially  undermined  rock,  to  which  the  movement  was  communicated, 
were  made  to  slide  down  on  a  slippery  basis  of  watery  sand  towards  the 
sea.  These  causes  gave  rise  to  a  convulsion,  which  b^an  on  the  morn- 
ing of  the  24th  of  December,  with  a  crashing  ndse^i  and,  on  the  eve- 
ning of  the  same  day,  fissures  were  seen  opening  in  the  ground,  and 
the  walls  of  tenements  rending  and  sinking,  until  a  deep  chasm  or 
ravine,  B,  was  formed,  extending  nearly  three-quarters  of  a  mile  in 
length,  with  a  depth  of  from  100  to  150  feet,  and  a  breadth  exceeding 
240  feet.  At  the  bottom  of  this  deep  gulf  lie  fragments  of  the  origi- 
nal surface  thrown  together  in  the  wildest  confusion.  In  consequence 
of  lateral  movements,  the  tract  intervening  between  the  new  fissure  and 
the  sea,  including  the  ancient  undercliff,  was  fractured,  and  the  whole 
line  of  sea-cliff  carried  bodily  forwards  for  many  yards.  '<  A  remaika- 
ble  pyramidal  crag»  F,  off  Culverhole  l^oint,  which  lately  formed  a  dis- 
tinguishing landmark,  has  sunk  from  a  height  of  about  seventy  to  twen- 
ty feet,  and  the  main  cliff,  £,  before  more  than  fifty  feet  distant  from 
this  insulated  crag,  is  now  brought  almost  close  to  it.  This  motion  of 
the  sea-cliff  has  produced  a  farther  effect,  which  may  rank  among  the 
most  striking  phenomena  of  this  catastrophe.  The  lateral  pressure  of 
the  descending  rocks  has  urged  the  neighboring  strata,  extending  b^ 
neath  the  shingle  of  the  shore,  by  their  state  of  unoatural  condensation, 
to  burst  upwards  in  a  line  parallel  to  the  coast — ^thus  an  elevated 
ridge,  G,  more  than  a  mile  in  length,  and  rising  more  than  forty  feet^ 
covered  by  a  confused  assemblage  of  broken  strata,  and  immense  Mocks 
of  rock,  invested  with  sea-weed  and  corallines,  and  scattered  over  with 
shells  and  star-fish,  and  other  productions  of  tho  deep,  forms  an  extend- 
ed reef  in  front  of  the  present  range  of  cliflb."* 

A  full  account  of  this  remarkable  landslip,  with  a  plan,  sections,  and 
many  fine  illustrative  drawings,  was  published  by  Messrs.  Conybeare 
and  Buckland,f  from  one  of  which  the  annexed  out  has  been  reduced, 
fig:  87. 

•  Rev.  W:  D.  Goaybenre,  letter  dated  Azmioster,  Uea  81, 1889i 
f  London,  J.  Murniy,  1840. 
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Tfeir  of  the  Axmoatb  Undsllp  from  Orent  Blndon,  looking  wMtward  to  the  Sldmonth  h!l]% 
Mid  Mtoary  of  the  fise.    From  an  origiiiei  dnwlog  by  lin.  BnokUiML 

Cornwall. — Near  PenzancQ,  in  Corawall,  there  is  a  projecting  tongue 
of  land,  called  the  ''  Green,"  formed  of  granitic  sand,  from  which  more 
than  thirty  acres  of  pasture  land  have  been  gradually  swept  away,  in 
the  course  of  the  last  two  or  three  centuries.*  It  is  also  said  that  St. 
Michaers  Mount,  now  an  insular  rock,  was  formerly  situated  in  a  wood., 
several  miles  from  the  sea ;  and  its  old  Cornish  name  (Caraclowse  in 
Cowse)  signifies,  according  to  Carew,  the  Hoar  Rock  in  the  wood.f 
Between  the  Mount  and  Newlyn  there  is  seen  under  the  sand,  black 
vegetable  mould,  full  of  hazel-nuts,  and  the  branches,  leaves,  roots,  and 
trunks  of  forest-trees,  all  of  indigenous  species.  This  stratum  has  boen 
traced  seaward  as  far  as  the  ebb  permits,  and  many  proofs  of  a  sub- 
merged vegetable  accumulation,  with  stumps  of  trees  in  the  position  in 
which  they  grew,  have  been  traced,  says  Sir  Henry  De  la  Beche,  round 
the  shores  of  Devon,  Cornwall,  and  Western  Somerset.  The  facts  not 
only  indicate  a  change  in  the  relative  level  of  the  sea  and  land,  since 
the  species  of  animals  and  plants  were  the  same  as  those  now  livmg  in 
this  district ;  but,  what  is  very  remarkable,  there  seems  evidence  of  the 
submergence  having  been  effected,  in  part  at  least,  since  the  country 
was  mhabited  by  man.J 

A  submarine  forest  occurring  at  the  mouth  of  the  Parret  in  Somer- 
setshire, on  the  south  side  of  the  Bristol  Channel,  was  described  by 
Mr.  L.  Homer,  in  1815,  and  its  position  attributed  to  subsidence.  A 
bed  of  peat  is  there  seen  below  the  level  of  the  sea,  and  the  trunks  of 

*  Boase,  Trans.  Ro^al  GeoL  Soc.  of  Cornwall,  vol  iL  p.  129. 

f  Boose,  ibid.  vol.  li  p.  185. 

^  De  la  Beche't  Report  on  the  Geology  of  Devon,  Ao.  chap.  zliL 
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large  trees,  such  as  the  oak  and  jew,  having  their  roots  still  diyerj^ng 
as  they  grew,  and  fixed  in  blue  clay.* 

Tradition  of  loss  of  land  in  Cornwall. — ^The  oldest  hbtorians  men- 
tion a  tradition  in  Cornwall,  of  the  submersion  of  the  Lionnesse,  a  coun- 
try said  to  have  stretched  from  the  Land's  End  to  the  Scilly  Islands. 
The  tract,  if  it  existed,  must  hare  been  thirty  miles  in  length,  and  per- 
haps ten  in  breadth.  The  land  now  remaining  on  either  side  is  from 
two  hundred  to  three  hundred  feet  high ;  the  intervening  sea  about 
three  hundred  feet  deep.  Although  there  is  no  authentic  evidence  for 
this  romantic  tale,  it  probably  originated  in  some  former  mroads  of  the 
Atlantic,  accompanying,  perhaps,  a  subddence  of  land  on  this  coasUf 

West  coast  of  EngU^d. — Having  now  brought  together  on  ample 
body  of  proofs  of  the  destructive  operations  of  the  vraves,  tides,  uid 
currents,  on  our  eastern  and  southern  shores,  it  will  be  xmnecessary  to 
enter  into  details  of  changes  on  the  western  coast,  for  they  present 
merely  a  repetition  of  the  same  phenomena,  and  in  general  on  an  infe- 
rior scale.  On  the  borders  of  the  estuary  of  the  Bevem  the  flats  of 
Somersetshire  and  Gloucestershire  have  received  enormous  accessions, 
while,  on  the  other  hand,  the  coast  of  Cheshire,  between  the  rivers 
Mersey  and  Dee,  has  lost,  since  the  year  1764,  many  hundred  yards, 
and  some  affirm  more  than  half  a  mile,  by  the  advance  of  the  sea  upon 
the  abrupt  clifis  of  red  clay  and  marls.  Within  the  period  above  men- 
tioned several  lighthouses  have  been  successively  abandoned.}  There 
are  traditions  in  Pembrokeshire§  and  Cardiganshire!  of  far  greater  losses 
of  territory  than  that  which  the  Lionnesse  tale  of  Cornwall  pretends  to 
commemorate.  They  are  all  important,  as  demonstrating  that  the 
earliest  inhabitants  were  familiar  with  the  phenomenon  of  mcursions  of 
the  sea. 

Loss  of  land  on  the  coast  of  France, — ^The  French  coast,  particularly 
that  part  of  Brittany,  where  the  tides  rise  to  an  extraordinary  height,  is 
the  constant  prey  of  the  waves.  In  the  ninth  century  many  villages 
and  woods  are  reported  to  have  been  carried  away,  the  coast  undei^go- 
ing  great  change,  whereby  the  hill  of  St.  Michael  was  detached  from 
the  munland.  The  parish  of  Bourgneuf,  and  several  othera  in  that 
neighborhood,  were  overflowed  in  the  year  1500.  In  1735,  during  a 
great  storm,  the  ruins  of  Palnel  were  seen  uncotered  in  the  sea.^ 

*  OeoL  Traoa  Ist  aeriea^  vol  ill  p.  888. 

• '  Boase,  vol.  il  p  180. 

:  SteYonsoD,  Jameson's  Ed.  Kew  PhiL  Journ.  Na  8«  p.  88d. 
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Meyriek's  Cardigan. 
'  [  Von  Hof^  Geschichte,  dice.  voL  i  p  49. 
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loroada  of  the  lea  at  the  noaths  of  the  Rhino  in  Holland— Ohanges  in  the  anm 
of  the  Rhine — Proofo  of  rahsidence  of  land^-Eetnary  of  the  Bies  Boaoh,  formed 
in  1421 — Zayder  Zee,  in  the  ISth  century— IsUndA  destroyed — Delta  of  the 
Enu  converted  into  a  bay — Estuary  of  the  Dollart  formed — Encroachment  ot 
the  sea  on  the  coast  of  Sleswick — On  shores  of  North  America — ^Tidal  wave, 
called  the  Bore — ^Infltlence  of  tides  and  currents  on  the  mean  level  of  seas — 
Action  of  currents  in  inland  lakes  and  seas— Baltic— Oimbrian  deluge — Straits 
of  Gibraltar — ^Ko  under-current  there— Whether  salt  is  predpttated  in  the 
Mediterranean — Waste  of  shores  of  Mediterraneaa 

Inroads  of  the  sea  at  the  mouths  of  the  Rhine, — The  iJie  of  British 
coast  considered  in  the  preceding  chapter  offered  no  example  of  the 
conflict  of  two  great  antagonist  forces ;  the  influx,  on  the  one  hand,  of 
a  river  draining  a  large  continent,  and,  on  the  other,  the  action  of  the 
wares,  tides,  and  currents  of  the  ocean.  But  when  we  pass  over  by 
the  Straits  of  Dover  to  the  Continent,  and  proceed  northeastwards,  we 
find  an  admirable  illustration  of  such  a  contest,  where  the  ocean  and  the 
Rhine  are  opposed  to  each  other,  each  disputing  the  ground  now  occu- 
pied by  Holland ;  the  one  striving  to  shape  out  an  estuary,  the  other 
to  form  a  delta.  There  was  evidently  a  period  when  the  river  obtwned 
the  ascendancy,  when  the  shape  and  perhaps  the  relative  level  of  the 
coast  and  set  of  the  tides  were  very  different ;  but  for  the  last  two 
thousand  years,  during  which  man  has  witnessed  and  actively  partici- 
pated in  the  struggle,  the  result  has  been  in  favor  of  the  ocean  ;  the 
area  of  the  whole  territory  having  become  more  and  more  circumscribed ; 
natural  and  artificial  barriers  having  given  away,  one  after  another ; 
and  many  hundred  thousand  human  beings  having  perished  in  the 
waves. 

Changes  in  the  arrns  of  the  i?Atntf.— The  Rhine,  after  flowing  from 
the  Grison  Alps,  copiously  charged  with  sediment,  first  purifies  itself  in 
the  Lake  of  Constance,  where  a  large  delta  is  formed ;  then  swelled  by 
the  Aar  and  numerous  other  tributaries,  it  flows  for  more  than  six  hun- 
dred miles  towards  the  north ;  when,  entering  a  low  tract,  it  divides  into 
two  arms,  about  ten  miles  northeast  of  Cleves, — a  point  which  must 
dier^fore  be  considered  the  head  of  its  delta.  (See  *,  map,  fig.  8.)  In 
speaking  of  the  delta,  I  do  not  mean  to  assume  that  all  that  part  of 
Holland  which  is  comprised  within  the  several  arms  of  the  Rhine  can 
be  called  a  delta  in  the  strictest  sense  of  the  term ;  because  some  por- 
tion of  the  country  thus  circumscribed,  as,  for  example,  a  part  of  Gel- 
derland  and  Utrecht,  consists  of  strata  which  may  have  been  deposited 
m  the  sea  before  the  Rhine  existed.  These  older  tracts  may  either  have 
been  raised  like  the  Ullah  Bund  in  Cutch,  during  the  period  when  the 
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The  dark  lint  between  Antwerp  and  Nlenport,  repreeentapartof  the  Netherhmda  which  wm 
land  in  the  time  of  the  Bomana,  then  overflowed  by  the  aea  before  and  during  the  6th  centuiy. 
and  afterwazds  reconverted  into  land. 

sediment  of  the  Rhine  was  converting  a  part  of  the  sea  into  land,  or 
they  may  have  constitnted  islands  previously. 

When  the  river  divides  north  of  Clcves,  the  left  arm  takes  the  name 
of  the  Waal ;  and  the  right,  retaining  that  of  the  Rhine,  is  connected,  a 
little  filrther  to  the  north,  hy  an  artificial  canal  with  the  river  Yssel. 
The  Rhine  then  flowing  westward  divides  agmn  southeast  of  Utrecht^ 
and  from  this  point  it  takes  the  name  of  the  Leek,  a  name  which  was 
given  to  distinguish  it  from  the  northern  arm  called  the  old  Rhine, 
which  was-  sanded  up  until  the  year  1825,  when  a  channel  was  cut  for 
it,  hy  which  it  now  enters  the  sea  at  Catwyck.  It  is  commcMi,  in  all 
great  deltas,  that  the  principal  channels  of  discharge  should  shift  from 
time  to  time,  hut  in  Holland  so  many  magnificent  canals  have  been 
constructed,  and  have  so  diverted,  from  time  to  time,  the  course  of  the 
waters,  that  the  geographical  changes  in  this  delta  are  endless,  and 
their  history,  since  the  Roman  era,  forms  a  complicated  topic  of  anti- 
quarian research.  The  present  head  of  the  delta  is  about  forty  geo- 
graphical  miles  from  the  nearest  part  of  the  gulf  called  the  Zuyder  Zee, 
and  more  than  twice  that  distance  from  the  general  coast-line.  The 
present  head  of  the  delta  of  the  Nile  is  about  80  or  00  geographical 
miles  from  the  sea ;  that  of  the  Ganges,  as  before  stated,  220 ;  and 
that  of  the  Mississippi  about  180,  reckoning  from  the  point  where  the 
Atchafalaya  branches  off  to  the  extremity  of  the  new  tongue  of  land  in 
the  Gulf  of  Mexico     But  the  comparative  distance  between  the  heads 


Oa  xxj\  houths  of  the  lomnE.  827 

of  deltas  and  the  sea  affords  no  positive  data  for  estimating  the  relatire 
magnitude  of  the  alluvial  tracts  formed  by  their  respective  rivers,  for 
the  ramificalions  depend  on  many  varying  and  temporary  circumstan- 
eesy  and  the  area  over  which  they  extend  does  not  hold  any  constant 
proportion  to  the  volume  of  water  in  the  river. 

The  Rhme  therefore  has  at  present  three  mouths.  About  two-thirds 
of  its  waters  flow  jto  the  sea  by  the  Waal,  and  the  remainder  is  carried 
partly  to  the  Znyder  Zee  by  the  Yssel,  and  partly  to  the  ocean  by  the 
Leek.  As  the  whde  coast  to  the  south  as  &r  as  Ostend,  and  on  the 
north  to  the  entrance  of  the  Baltic,  has,  with  few  exceptions,  from  time 
immemorial,  yielded  to  the  force  of  the  waves,  it  is  evident  that  the 
eommon  delta  of  the  Rhine,  Meuse,  and  Scheldt,  for  these»th^3e  rivers 
may  all  be  considered  as  discharging  their  waters  into  the  same  part  of 
the  sea,  would,  if  its  advance  had  not  been  checked,  hc^e  become  ex- 
tremely prominent ;  and  even  if  it  had  remained  stationary,  would  long 
ere  this  have  projected  far  beyond  the  rounded  outline  of  the  coast,  like 
that  strip  of  land  already  described  at  the  mouth  of  the  Mississippi. 
But  we  find,  on  the  contrary,  that  the  islands  which  skirt  the  coast 
have  not  only  lessened  in  size,  but  in  number  also,  while  great  bays 
have  been  formed  in  the  interior  by  incursions  of  the  sea. 

In  order  to  explam  the  incessant  advance  of  the  ocean  on  the  shores 
and  inland  country  of  Holland,  M.  E.  de  Beaumont  has  suggested  that 
there  has  in  all  probability  been  a  general  depression  or  sinking  of  the 
land  below  its  former  level  over  a  wide  area.  Such  a  change  of  level 
would  enable  the  sea  to  break  through  the  ancient  line  of  sand-banks 
and  islands  which  protected  the  coast, — ^would  lead  tP  the  enlargement 
of  bays,  the  formation  of  new  estuaries,  and  ultimately  to  the  entire 
submei|^nce  of  land.  These  views  appear  to  be  supported  by  the  fact 
that  several  peat-mosses  of  fresh-water  origm  now  occur  under  the 
levd  of  the  sea,  especially  on  the  site  of  the  Zuyder  Zee  and  Lake 
Flevo,  presently  to  be  mentioned.  Several  excavations  also  made  for 
wells  at  Utrecht,  Amsterdam,  and  Rotterdam  have  proved,  that  below 
the  level  of  the  ocean,  the  soil  near  the  coast  consists  of  alternations  of 
sand  with  noarine  shells,  and  beds  of  peat  and  clay,  which  have  been 
traced  to  the  depth  of  fifty  feet  and  upwards.* 

I  have  said  that  the  coast  to  the  south  as  far  as  Ostend  has  given 
way.  This  statement  may  at  first  seem  opposed  to  the  fact,  that  the 
tract  between  Antwerp  and  Nieuport,  shaded  black  in  the  annexed  map 
(fig.  88),  although  now  dry  land,  and  supporting  a  large  populaUon, 
has,  within  the  historical  period,  been  covered  with  the  sea.  This 
r^pon,  however,  consisted,  in  the  time  of  the  Romans,  of  woods, 
marshes,  and  peat-mosses,  protected  from  the  ocean  by  a  cham  of 
sandy  dunes,  which  were  afterwards  broken  through  during  storms, 
especially  in  the  fifth  century.  The  waters  of  the  sea  during  these 
irmptions  threw  down  upon  the  barren  peat  a  horizontal  bed  of  fertile 

*  £.  de  Beaumont,  G^ogie  Pratiqae,  vol.  I  p.  816,  and  iUd.  p.  26a 
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eHqr,  which  is  in  some  places  three  yaids  thick,  fidl  of  recent  shells  and 
works  of  art  The  ii^bitantSi  by  the  aid  of  embankments  and  tlis 
sand  dunes  of  the  coast»  have  succeeded,  aHhofigh  not  without  frequent 
disasters,  in  defending  the  soil  thus  raised  by  the  marine  deposit.* 

Inroads  of  the  Sea  in  Holland, — ^If  we  pass  to  the  northward  of  the 
territory  just  alluded  to,  and  cross  the  Scheldt,  we  find  that  between 
the  fourteenth  and  eighteenth  centuries  parts  of  the  islands  Walcheren 
and  Beveland  were  swept  away,  and  several  populous  districts  of  Kad- 
zand,  losses  which  far  more  than  counterbalance  the  gain  of  land  caused 
by  the  sanding  up  of  some  pre-eiisting  creeks.  In  1658  the  Island 
Orisant  was  annihilated.  One  of  the  most  memorable  inroads  of  the 
sea  occurred  in  1421,  when  the  tide,  pouring  into  the  mouth  of  the 
united  Meuse  and  Waal,  burst  through  a  dam  in  the  district  between 
Dort  and  Gertrudenbeig,  and  overflowed  seventy-two  villages,  formmg 
a  large  sheet  of  water  called  the  Bies  Bosch.  (See  map,  fig.  38.) 
Thirty-five  of  the  villages  were  irretrievably  lost,  and  no  vestige,  even 
of  their  ruins,  was  afterwards  seen.  The  rest  were  redeemed,  and  Uie 
site  of  the  others,  though  still  very  generally  represented  on  maps  as 
an  estuary,  has  in  fact  been  gradually  filled  up  by  alluvial  depositfy  !«ad 
had  become  in  1835,  as  I  was  informed  by  Professor  Moll,  an  immense 
plain,  yielding  abundant  crops  of  hay,  though  still  uninhabited.  To 
the  north  of  the  Meuse  is  a  long  line  of  shore  covered  with  sand  dunes, 
where  great  encroachments  have  taken  place  from  time  to  time,  in  con- 
sequence chie&y  of  the  prevalence  of  southeasterly  winds,  which  blow 
down  the  sands  towards  the  sea.  The  churoh  of  Scheveningen,  not  far 
from  the  Hague,  jras  once  in  the  middle  of  the  viUagre,  and  now  stands 
on  the  shore,  half  the  place  having  been  overwhelmed  by  the  waves  in 
1570.  Catwyck,  once  far  from  the  sea,  is  now  upon  the  shore  ;  two 
of  its  streets  having  been  overflowed,  and  land  torn  away  to  the  extent 
of  200  yards,  in  1710.  It  is  only  by  the  aid  of  emlmnkments  that 
Petten,  and  several  other  places  farther  north,  have  been  defended 
against  the  sea. 

Formation  of  the  Zuyder  Zee  and  Straits  of  Staveren, — Still  move 
important  aro  the  changes  which  have  taken  place  on  the  coast  oppo- 
site the  right  arm  of  the  Rhine,  or  the  Yssel,  where  the  ocean  has 
burst  through  a  large  isthmus,  and  entered  the  inland  lake  Flevo, 
which,  in  ancient  times,  was,  according  to  Pomp<}nius  Mela,  formed  by 
the  overflowing  of  the  Rhine  over  certain  lowlands.  It  appears  that, 
in  the  tune  of  Tacitus,  thero  wero  several  lakes  on  the  present  site  of 
the  Zuyder  Zee,  between  Friesland  and  Holland.  The  succesdve  m- 
roads  by  which  these  and  a  great  part  of  the  adjoining  territory,  were 
transformed  into  a  great  gulf,  begar.  about  the  commencement,  and 
were  completed  towards  the  close,  of  the  thirteenth  century.  Alting 
gives  the  folk>wing  relation  of  the  occurrence,  drawn  from  manu- 
script documents  of  contemporary  inhabitants  of  the  n^ghboring  prov- 

*  Belpaire,  M^m,  de  TAcad.  Roj.  de  Brazelles,  torn.  x.  1887.  Domoot,  Bnlletm 
of  the  Mme  Soc  torn.  ▼.  p  648. 
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bees*  In  the  year  1205,  the  idaiid  vow  called  Wieringeii,  to  the  sooth 
of  the  Texel»  was  stOl  a  part  of  the  mamlaady  but  during  several  high 
floods,  of  which  the  dates  ave  gmn»  eiidiog  m  December,  1251,  it  was 
separated  Iran  tiie  continent.  Bj  subsequent  incursions  the  sea  con- 
simied  great  parts  of  the  rich  and  popolous  isthmus,  a  low  tract  which 
stret^ed  on  the  north  of  Lake  Flero,  between  Siaveren  in  Friesland 
and  Medemblick  in  Holland,  till  at  length  a  breach  was  completed 
about  the  year  1282,  aad  afterwards  widened.  Great  dlestruction  ot 
hnd  took  place  when  the  sea  first  broke  in,  and  many  towns  were 
swept  away ;  but  there  was  afterwards  a  reaction  to  a  certain  extent, 
Jaige  iraetsy  at  first  submerged,  having  been  gradually  redeemed. 
The  new  straits  south  of  Stareren  are  more  than  half  the  width  of 
those  of  Dover,  but  are  very  shallow,  the  greatest  depth  not  ezceedmg 
two  or  three  fathoms.  The  new  bay  is  of  a  somewhat  chrcular  form, 
and  between  thirty  and  Jbriy  miles  in  diameter.  How  much  of  this 
space  may  formerly  have  been  occupied  by  Lake  Flevo  is  unknown. 
(See  map,  fig.  88.) 

Jkitruetion  of  islands, — ^A  series  of  islands  stretching  from  the  Tezel 
to  the  mouths  of  the  Weser  and  Elbe  are  probably  the  last  r^cs  of  a 
tract  once  continuous.  They  have  greatly  dimmished  in  size,  and 
have  lost  about  a  third  of  their  number,  since  the  time  of  Pliny ;  for 
that  naturalist  counted  twenty-three  isbrnds  between  the  Texel  and 
£Sder,  whereas  there  are  now  only  sixteen,  including  Heligoland  and 
Neuwerk.*  The  island  of  Heligoland,  at  the  mouth  of  the  Elbe,  con* 
mt»  of  a  rock  of  red  marl  of  the  Eeuper  formation  (of  the  Germans), 
and  is  bounded  by  perpendicular  red  cUflb,  above  ^00  feet  high.  Al- 
though, according  to  some  accounts,  it  has  been  greatly  reduced  in 
aae  since  the  year  800,  M.  Wiebel  assures  us,  that  the  ancient  map  by 
Meyer  cannot  be  depended  upon,  and  that  the  island,  according  to  the 
description  still  extant  by  Adam  of  Bremen,  was  not  much  larger  than 
now,  in  the  time  of  Charlemagne.  On  comparing  the  map  made  in 
the  year  1708  by  the  Danish  engineer  Wessel,  the  average  encroach- 
ment of  the  sea  on  the  oli&,  between  that  period  and  the  year  1848 
{(XT  about  half  a  century),  did  not  amount  to  more  than  three  feet.f 
On  the  other  hand,  some  few  islands  have  extended  their  bounds  in 
one  direction,  or  become  connected  with  others,  by  the  sanding-up 
cf  channek ;  but  even  these,  like  Juist,  have  generally  ^ven  way  as 
much  on  the  north  towards  the  sea  as  they  have  gained  on  the  south, 
or  land  side. 

The  DoUart  formed.'^WlnlB  the  delU  of  the  Rhme  has  suffered  so 
materially  from  the  movements  of  the  ocean,  it  can  hardly  be  supposed 
that  minor  rivers  on  the  same  coast  should  have  been  permitted  to  ex- 
tend thehr  deltas,  -  It  appears  that  m  the  time  of  the  Romans  there 
was  an  idluvial  plam  of  great  fertility,  where  the  Ems  entered  the  sea 

•  Von  Hoft  vol  I  p.  864. 

t  Quart  Jounx  OeoL  Soc  voL  iv.  pi  82 ;  Kemoiis. 
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bj  three  arms.  This  low  coiintiy  stretched  between  Groningen  and 
Friesland,  and  sent  oat  a  peninsula  to  the  northeast  towards  Emden.  A 
flood  in  1277  first  destroyed  part  of  the  peninsula.  Other  inondatioiis 
followed  at  different  periods  throughout  the  fifteenth  century.  In 
1507»  a  part  only  of  Toruniy  a  considerable  town,  remained  standing; 
and  in  spite  of  the  erection  of  dams,  the  remainder  of  that  place,  to- 
gether with  market-towns,  villages,  and  monasteries,  to  the  number  of 
fifty,  were  finally  overwhehned.  The  new  gulf,  which  was  oalkd  the 
Dollart,  although  small  in  comparison  to  the  Zuyder  Zee,  occupied  no 
less  than  six  square  miles  at  first ;  but  part  of  this  space  was.  in  the 
course  of  the  two  following  centuries,  again  redeemed  from  the  sea 
The  small  bay  of  Leybucht,  farth^  north,  was  formed  in  a  umilar  man- 
ner in  the  thirteenth  century ;  and  the  bay  of  Harlbncht  in  the,  middle 
of  the  sixteenth.  Both  of  these  hare  smce  been  partially  reconverted 
into  dry  land.  Another  new  estuary,  called  the  Gulf  of  Jahde,  near 
the  mouth  of  the  Weser,  scarcely  inferior  in  me  to  the  Ddlart,  has 
been  gradually  hollowed  out  since  the  year  1016,  between  which  «ra 
and  1651  a  space  of  about  four  square  miles  has  been  added  to  the 
sea.  The  rivulet  which  now  enters  this  inlet  is  very  small;  but 
Arens  conjectures  that  an  arm  of  the  Weser  had  once  an  outlet  in 
that  direction. 

Coast  of  SUstifiek.'^FBiiher  north  we  find  so  many  records  of  waste 
on  the  western  coast  of  Sleswick,  as  to  lead  us  to  anticipate  that,  at  no 
distant  period  in  the  history  of  the  physical  geography  of  Europe,  Jut- 
land may  become  an  island,  and  the  ocean  may  obtain  a  more  direct 
entrance  into  the  Baltic.  Indeed,  the  temporary  insdation  of  the 
northern  extremity  of  Jutland  has  been  affected  no  less  than  four  times 
within  the  records  of  history,  the  ocean  havmg  as  often  made  a  breach 
through  the  bar  of  sand,  which  usually  excludes  it  from  the  Lym  Fiord. 
This  long  frith  is  120  miles  in  length  including  its  windings,  and  com- 
municates at  its  eastern  end  with  the  Baltic.  The  last  urruption  of  salt 
water  happened  in  1824,  and  the  fiord  was  still  open  in  1837,  when 
some  vessels  of  thirty  tons'  burden  passed  through. 

The  Marsh  islands  between  the  rivers  Elbe  and  Eider  are  mere  banks* 
like  the  lands  formed  of  the  "  warp"  in  the  Humber,  protected  by  dikes. 
Some  of  them,  after  having  been  inhabited  with  security  for  more  than 
ten  centuries,  have  been  suddenly  overwhelmed.  In  this  manner,  in 
1216,  no  less  than  ten  thousand  of  ihe  inhabitants  of  Eiderstede  and 
Ditmarsch  perished;  and  on  the  11th  of  October,  1634,  the  isknds 
and  the  whole  coast,  as  far  as  Jutkmd,  suffered  by  a  dreadful  deluge. 

Destruction  of  Norikstrand  by  the  sea, — Norihstrand,  up  to  the  year 
1240,  was,  with  the  iskuids  Sylt  and  Fohr,  so  nearly  connected  with  the 
mainland  as  to  appear  a  peninsula,  and  was  called  North  Friealand,  a 
highly  cultivated  and  populous,  district.  It  measured  from  nine  to 
eleven  geographical  miles  from  north  to  south,  and  six  to  eight  from 
east  to  west.  In  the  above-mentioned  year  it  was  torn  asunder  from 
tbe  contment,  and  in  part  overwhelmed.    The  Isle  of  Northstiand* 
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tfavs  fonnedy  was,  towards  the  end  of  the  sixteenth  centuij,  only  fom 
ge(^rraphical  miles  in  circumference,  and  was  still  celebrated  for  its 
cidtiTatioQ  and  nomaroos  population.  After  many  losses,  it  still  con 
tained  nine  thousand  inhabitants.  At  last,  in  the  year  1634,  on  the 
erening  of  the  11th  of  October,  a  flood  passed  OTcr  the  whole  island, 
whereby  1300  houses,  with  many  churches,  were  lost ;  fifty  thousand 
head  of  cattle  perished,  and  above  six  thousand  men.  Three  small 
islets,  one  of  them  still  called  Northstrand,  alone  remained,  which  are 
now  continually  wasting. 

The  redundancy  of  riyer  water  in  the  Baltic,  especially  during  the 
melting  of  ice  and  snow  in  spring,  causes  in  general  an  outward  current 
through  the  channel  called  the  Oattegat.  But  after  a  continuance  of 
northwesterly  gales,  especially  during  the  height  of  the  spring-tides,  the 
Atlantic  rises,  and  pouring  a  flood  of  water  into  the  Baltic,  commits 
dreadful  devastations  on  the  isles  of  the  Danish  Archipelago.  This 
current  even  acts,  though  with  diminished  force,  as  far  eastward  as  the 
vicinity  of  Dantxio.*  Accounts  written  during  the  last  ten  centuries 
attest  the  wearing  down  of  promontories  on  the  Danish  coast,  the  deep- 
enmg  of  gulfs,  the  severing  of  peninsulas  from  the  mainland,  and  the 
#aste  of  islands,  while  in  several  cases  marsh  land,  defended  for  cen- 
turies by  dikes,  has  at  last  been  overflowed,  and  thousands  of  the 
inhabitants  whelmed  in  the  waves.  Thus  the  island  Barsoe,  on  the 
coast  of  Sleswick,  has  lost,  year  after  year,  an  aero  at  a  time,  and  the 
island  Alsen  suffers  in  like  manner. 

Cimbvian  deluge, — ^As  we  have  already  seen  that  during  the  flood 
before  mentioned,  0000  men  and  50,000  head  of  cattle  perished  on 
K<Mrthstrand  on  the  western  coast  of  Jutland,  we  are  all  well  prepared 
to  find  that  this  peninsula,  the  Cimbrica  Cheraonesus  of  the  ancients, 
has  from  a  remote  period  been  the  theatre  of  like  catastrophes.  Ac- 
cordingly, Strabo  records  a  story,  although  he  treats  it  as  an  incredible 
fiction,  that,  during  a  high  tide,  the  ocean  rose  upon  this  coast  so  rap- 
idly, that  men  on  horseback  were  scarcely  able  to  escape.f  Florus, 
alluding  to  the  same  tradition,  says,  «  Cimbri,  Teutonic  atque  TSgurini, 
ab  extremis  Galliee  profugi,  cikm  terras  eorum  inundasset  Oceanus,  no- 
vas sedes  toto  orbe  qumrebant."^  This  event,  commonly  called  the 
*'  Cimbrian  Deluge,"  is  supposed  to  have  happened  about  three  centu- 
ries before  the  Christian  era ;  but  it  is  not  nnprobable  that  the  principal 
catastrophe  was  preceded  and  followed  by  many  devastations  like  those 
experienced  in  modem  times  on  the  islands  and  shores  of  Jutland,  and 
such  calamities  may  well  be  conceived  to  have  forced  on  the  migration 
of  some  maritime  tribes. 

Inroads  of  the  eea  on  the  eaetem  ekores  of  North  America. — ^After  so 
many  authentic  details  respecting  the  destruction  of  the  coast  in  parts 
of  Bnrope  best  known,  it  will  be  unnecessary  to  multiply  examples  of 

*  See  ezamplee  in  Von  Hofl^  voL  L  p.  78,  who  cites  PiBansky. 
f  Book  vil  Cimbri.  t  ^^  >"•  <^P  ' 
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analogous  changes  in  more  distant  regions  of  the  world.  It  must  not; 
however,  he  imagined  that  our  own  seas  form  any  exception  to  Uie 
general  rule.  Thus,  for  example,  if  ^e  pass  over  to  the  eastern  coast 
of  North  America,  where  the  tides  rise,  in  the  Baj  of  Fundj,  to  a  great 
elevation,  we  find  many  facts  attesting  the  incessant  demofiticMi  of  land. 
Cliffs,  often  several  hundred  feet  high,  composed  of  sandstone,  red  marl, 
and  other  rocks,  which  border  that  bay  and  its  numerous  estuaries,  are 
perpetually,  undermmed.  The  nuns  of  these  clifEs  are  gradually  carried, 
in  the  form  of  mud,  sand,  and  large  boulders,  into  the  Atlantic  by  pow- 
erful currents,  aided  at  certun  seasons  by  drift  ice,  which  forms  along 
the  coast,  and  freeses  round  large  stones. 

At  Cape  May,  on  the  north  ode  of  Delaware  Bay,  in  the  United 
States,  the  encroachment  of  the  sea  was  shown  by  observations  made 
consecutively  for  sixteen  yean,  from  1804  to  1820,  to  average  about 
nine  feet  a  year  ;*  and  at  Sullivan's  Island,  which  ties  on  the  north 
side  of  the  entrance  of  the  harbor  of  Charleston,  in  South  Carolma, 
the  sea  carried  away  a  quarter  of  a  mile  of  land  in  three  years,  endmg 
in  I786.t 

Tidal  wove  called  **  ike  Bore.** — Before  concluding  my  remarks  on 
the  action  of  the  tides,  I  must  not  oitait  to  mention  the  wave  called  ''  the 
Bore,"  which  is  sometimes  produced  in  a  river  where  a  lai^e  body  of 
water  is  made  to  rise  suddenly,  in  consequence  of  the  contractioif  of  the 
channel.  This  wave  terminates  abruptly  on  the  inland  side ;  because 
the  quantity  of  water  contained  in  it  Is  so  great,  and  its  motion  so  rapid, 
that  time  is  not  allowed  for  the  surface  of  the  river  to  be  immediately 
rused  by  means  of  transmitted  pressure.  A  tide  wave  thus  rendered 
abrupt  has  a  close  analogy,  observes  Mr.  Whewell,  to  the  waves  which 
curl  over  and  break  on  a  shelving  shore.^ 

The  Bore  which  enters  the  Severn,  where  the  phenomenon  is  of-  al- 
most daily  occurrence,  is  sometimes  nine  feet  high,  and  at  spring-tides 
rushes  up  the  estuaiy  with  extraordinary  rapidity.  The  finest  example 
which  I  have  seen  ojf  this  wave  was  at  Nova  Scotia,§  where  the  tide  is 
said  to  rise  in  some  places  seventy  feet  perpendicular,  and  to  be  the 
highest  in  the  world.  In  the  large  estuary  of  the  Shubenacadie,  which 
connects  with  another  estuary  called  the  Basin  of  Mmes,  itself  an  em- 
branchment of  the  Bay  of  Fundy,  a  vast  body  of  water  comes  rushing 
up,  with  a  roaring  noise,  into  a  long  narrow  channel,  and  while  it  is 
ascending,  has  all  the  appearance  of  pouring  down  a  slope  as  steep 
as  that  of  the  celebrated  rapids  of  the  St.  Lawrence.  In  picturesque 
effect,  however,  it  bears  no  comparison,  for  instead  of  the  transparent 
green  water  and  snow-white  foam  of  thb  St.  Lawrence,  the  whole  cur- 
rent of  the  Shubenacadie  is  turbid  and  densely  chained  with  red  mud. 
The  same  phenomenon  is  frequently  witnessed  in  the  principal  branches 
of  the  Ganges  and  in  the  Megna  as  before  mentioned  (p.  279).     ^'In 

*  New  Monthly  Mag.  voL  vl  p  69. 

iVoD  Hof^  tgI  i  p  96.  X  Phil.  Trans.  188S,  p  204^ 

See  LyelTs  Travels  in  North  America,  in  1842,  vol  it  p.  166.    London,  1846. 
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the  Hoogly,"  says  Bemiel],  "  the  Boie  eommaioes  ai  Hoogly  Pouit»  the 
place  where  the  river  first  coatraots  itself,  and  is  perceptible  aboTS 
Hoogly  Town ;  and  so  quick  is  its  motion,  that  it  hardly  empbys  foar 
hoars  in  travelling  from  one  to  the  other,  though  the  distance  is  nearly 
seventy  miles.  At  Cakutta  it  sometimes  occasions  an  instantaneous 
rise  of  five  feet ;  and  both  here»  and  in  every  other  part  of  its  track, 
the  boats,  on  its  approach,  immediately  quit  the  shore,  and  make  for 
safety  to  the  middle  of  the  river.  In  the  channels^  between  the  ishmds 
in  the  mouth  of  the  "hiegaa,  the  height  of  the  Bore  is  said  to  exceed 
twelvefeet;  and  is  so  terrific  in  its  appearance,  and  dangerous  bits  con- 
sequences, that  no  boat  will  venture  to  pass  at  spring-tide."*  These 
waves  may  sometimes  cause  inundations,  undermine  difi^  and  sUU 
move  frequently  sweep  away  trees  and  Umd  animals  from  low  shores,  so 
that  they  may  be  carried  down,  and  ultimately  imbedded  hi  fluviatile  or 
sobmaiine  deposits. 

OUBBXIVTS  IN  IKLAHD   LAKES  JiVD  SaJUI. 

In  such  lai^e  bodies  of  water  as  the  North  American  lakes,  the  con- 
tinuance of  a  strong  wind  in  one  direction  often  causes  the  elevation  of 
the  water,  and  its  accumulation  on  the  leeward  side;  and  while  the 
equilibrium  is  restoring  itself,  powerful  currents  are  occasioned.  In 
October,  1833,  a  strong  current  m  Lake  Erie,  caused  partly  by  the  set 
of  the  waters  towards  the  outlet  of  the  lake,  and  partly  by  the  prevail- 
ing wind,  burst  a  passsge  through  the  extensive  penmsula  called  Long 
Point,  and  soon  excavated  a  channel  more  than  nine  feet  deep  and  nine 
hundred  feet  wide.  Its  width  and  depth  have  since  mcreased,  and  a 
new  and  costly  pier  has  been  erected ;  for  it  is  hoped  that  this  event  will 
permanently  improve  the  navigation  of  Lake  Erie  for  steamboats.f  '  On 
the  opposite,  or  southern  coast  of  this  lake,  in  front  of  the  town  of  Cleve- 
land, the  degradation  of  the  diflb  had  been  so  rapid  for  several  years 
preceding  a  survey  made  in  1837,  as  to  threaten  many  towns  with  demo 
lition.^  In  the  Bkck  Sea,  also,  although  free  from  tides,  we  learn  from 
Pallas  that  there  is  a  sufficiently  strong  current  to  undermine  the  cliffs 
in  many  parts,  and  particularly  in  the  Crimea. 

Straits  of  Gibraltar. — ^It  is  well  known  that  a  powerful  current  sets 
constantly  from  the  Atlantic  into  the  Mediterranean,  and  its  influence 
extends  along  the  whole  southern  borders  of  that  sea,  and  even  to  the 
shores  of  Asia  Mmor.  Captain  Smyth  found,  during  his  survey,  that 
the  central  current  ran  constantly  at  the  rate  of  from  three  to  six  miles 
an  hour  eastward  into  the  Mediterranean,  the  body  of  water  being  three 
miles  and  a  half  wide.  But  there  are  also  two  lateral  currents— one  on 
the  European,  and  one  on  the  African  side ;  each  of  them  about  two 
miles  and  a  half  broad,  and  flowing  at  about  the  same  rate  as  the  central 
stream.    These  lateral  currents  ebb  and  flow  with  the  tide,  setting  alter- 

•  BanneU,  PhiL  Trana  HSL  f  M3.  of  Capt  Bitfield,  K  K. 

^  Silliman's  Joara  vol  zzxiv.  p.  849. 
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natelyinto  the  Mediterranean  and  into  the  Atlantic.  The  excess  of 
water  constantly  flowing  in  is  very  great,  and  there  is  only  one  cause  to 
which  this  can  be  attributed,  the  loss  of  water  m  the  Mediterranean  by 
evaporation.'  That  the  level  of  this  sea  should  be  considerably  depress- 
ed by  this  cause  is  quite  conceivable,  since  we  know  that  the  winds 
blowing  from  the  shores  of  Africa  are  hot  and  dry ;  and  hygrometrical 
experiments  recently  made  in  Malta  and  other  places,  show  that  the 
mean  quantity  of  moisture  in  the  air  investing  the  Mediterranean  is  equal 
only  to  one  half  of  that  in  the  atmosphere  of  England.  The  temperature 
also  of  the  great  inland  sea  is  upon  an  average  higher,  by  3^^  of  Fahren- 
heit, than  the  eastern  part  of  the  Atlantic  Ocean  in  the  same  latitude, 
which  must  greatly  promote  its  evaporation.  The  Black  Sea  being 
tutuated  in  a  higher  latitude,  and  being  the  receptacle  of  rivers  flowing 
from  the  north,  is  much  colder,  and  its  expenditure  far  less( ;  accordingly 
it  does  not  draw  any  supply  from  the  Mediterranean,  but,  on  the  con- 
trary, contributes  to  it  by  a  current  flowing  outwards,  for  the  most  part 
of  the  year,  through  the  Dardanelles.  The  dischaige,  however,  at  the 
Bosphorus  is  so  small,  when  compared  to  the  volume  of  water  carried  in 
by  rivers,  as  to*  imply  a  great  amount  of  evaporation  in  the  Black  Sea. 

Whether  salt  be  precipitated  in  the  Mediterranean, — It  is,  however, 
objected,  that  evaporation  carries  away  only  fresh  water,  and  that  the 
current  from  the  Atlantic  is  continually  bringing  in  salt  water :  why, 
then,  do  not  the  component  parts  of  the  waters  of  the  Mediterranean 
vary  ?  or  how  can  they  remain  so  nearly  the  same  as  those  of  the  ocean  ? 
Some  have  imagined  that  the  excess  of  salt  might  be  carried  away  by 
an  under-current  running  in  a  contrary  direction  to  the  l&uperior ;  and 
this  hypothesis  appeared  to  receive  confirmation  from  a  late  discovery, 
that  the  water  taken  up  about  fifty  miles  within  the  Straits,  from  a  depth 
of  670  fathoms,  contained  a  quantity  of  salt  four  times  greater  than  the 
water  of  the  surface.  Dr.  Wollaston,*  who  analyzed  this  water  obtain- 
ed by  Captain  Smyth,  truly  inferred  that  an  under-current  of  such 
denser  water  flowing  outward,  if  of  equal  breadth  and  depth  with  the 
current  near  the  surface,  would  carry  out  as  much  salt  below  as  is  brought 
in  above,  although  it  moved  with  less  than  one-fourth  part  of  the  velo- 
city, and  would  thus  prevent  a  perpetual  increase  of  saltness  in  the 
Mediterranean  beyond  that  existing  in  the  Atiantic.  It  was  also  remark- 
ed by  others,  that  the  result  would  be  the  same,  if  the  swiftness  being 
equal,  the  inferior  surrent  had  only  one-fourth  of  the  volume  of  the 
superior.  At  the  same  time  there  appeared  reason  to  conclude  that  this 
great  specific  gravity  was  only  acquired  by  water  at  immense  depths ; 
for  two  specimens  of  the  water,  taken  within  the  Mediterranean,  at  the 
distance  of  some  hundred  miles  from  the  Straits,  and  at  depths  of  400 
and  even  450  fathoms,  were  found  by  Dr.  Wollaston  not  to  exceed  in 
density  that  of  many  ordinary  samples  of  sea-water.  Such  being  the 
we  can  now  prove  that  the  vast  amount  of  salt  brought  into  the 

•  Pbil.  Trans.  1829,  part  i  pi  29.      . 
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Mediterranean  does  not  pass  out  again  by  the  Straits ;  for  it  appears  by 
Captain  Smyth's  souncUngs,  which  Dr.  Wallaston  had  not  seen,  that 
between  the  capes  of  Trafalgar  and  Spartel,  which  are  twenty- two  miles 
apart,  and  where  the  Straits  are  shallowest,  the  deepest  part,  which  is 
on  the  side  of  Cape  Spartel,  is  only  220  ^thorns.  It  is  therefore  evi- 
dent,  that  if  water  sinks  in  certain  parts  of  the  Mediterranean,  in  conse- 
quence of  the  increase  of  its  specific  gravity,  to  greater  depths  than  220 
fathoms,  it  can  never  flow  out  again  into  the  Atlantic,  since  it  must  be 
stopped  by  the  submarine  barrier  which  crosses  the  shallowest  part  of 
the  Straits  of  Gibraltar. 

The  idea  of  the  existence  of  a  counter-current,  at  a  certain  depth, 
first  originated  in  the  following  circumstances : — M.  De  TAigle,  com- 
mander of  a  privateer  called  the  Phoenix  of  Marseilles,  gave  chase  to  a 
Dutch  merchant-ship,  near  Ceuta  Point,  and  coming  up  with  her  in  the 
middle  of  the  gut,  between  Tarifia  and  Tangier,  gave  her  one  broadside, 
which  directly  sunk  her.  A  few  days  after,  the  sunken  ship,  with  her 
cai^  of  brandy  and  oil,  was  cast  ashore  near  Tangier,  which  is  at  least 
four  leagues  to  the  westward  of  the  place  where  she  went  down,  and 
to  which  she  must  have  floated  in  a  durection  contrary  to  the  course  of 
the  central  current.*  This  fact,  however,  aflfords  no  evidence  of  an 
under-current,  because  the  ship,  when  it  approached  the  coast,  would 
necessarily  be  within  the  influence  of  a  lateral  current,  which  runnug 
westward  twice  every  twenty-four  hours,  might  have  brought  back  the 
vessel  to  Tangier. 

What,  then,  becomes  of  the  excess  of  salt  ? — for  thia  is  an  inquiry  <^ 
the  highest  geological  interest.  The  Rhone,  the  Po,  the  Nile,  and 
many  hundred  minor  streams  and  springs,  pour  annually  into  the  Med- 
iterranean large  quantities  of  carbonate  of  lime,  together  with  iron,  mag- 
nesia, silica,  alunoina,  sulphur,  and  other  mineral  mgredients  in  a  state  ot 
chemical  solution.  To  explain  why  the  influx  of  this  matter  does  not 
alter  the  composition  of  this  sea  has  never  been  regarded  as  a  difficulty ; 
for  it  .is  known  that  calcareous  rocks  are  forming  in  the  delta  of  the 
Rhone,  in  the  Adriatic,  on  the  coast  of  Asia  Minor,  and  in  other  locali- 
ties. Precipitation  is  acknowledged  to  be  the  means  whereby  the  sur- 
plus mineral  matter  is  disposed  of,  after  the  consumption  of  a  certain 
portion  in  t)ie  secretions  of  testacea,  zoophytes,  and  other  marine  ani- 
mals. But  before  muriate  of  soda  can,  in  like  manner,  be  precipitated, 
the  whole  Mediterranean  ought,  according  to  the  received  principles  of 
chembtry,  to  become  as  much  saturated  with  salt  as  Lake  Aral,  the 
Dead  Sea,  or  the  brine-springs  of  Cheshire. 

It  is  undoubtedly  true,  in  regard  to  small  bodies  of  water,  that  every 
particle  must  be  fully  saturated  with  muriate  of  soda  before  a  single 
crystal  of  salt  can  be  formed ;  such  is  proba}>ly  the  case  in  all  natural 
salterns :  such*  for  example,  as  those  described  by  traveUen  as  occur- 
ring on  the  western  borders  of  the  Bhick  Sea,  where  extensive  marshes 

•Flii].TraoB.17H, 
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are  said  to  be  covered  by  thin  films  of  salt  after  a  rapid  evaporation  of 
sea-water.  The  salt  ^tanga  of  the  Rhone,  where  salt  has  sometimes 
been  precipitated  in  considerable  abundance*  have  been  already  men- 
tioned. In  regard  to  the  depth  of  the  Meditemmean,  it  appears  that 
between  Gibraltar  and  Ceuta»  Captain  Smyth  sounded  to  the  enormous 
depth  of  950  fathoms,  and  found  there  a  gravelly  bottom,  with  frag- 
ments of  broken  shells.  Saussure  sounded  to  the  depth  of  two  thour 
sand  feet,  within  a  few  yaxda  of  the  shore,  at  Nice ;  and  M.  B^rard  has 
lately  fathomed.to  the  depth  of  more  than  six  thousand  feet  in  sevend 
places  without  reaching  the  bottom.* 

The  central  abysses,  therefore,  of  this  sea  are,  in  all  likelihood,  at  least 
as  deep  as  the  Alps  are  high ;  and,  as  at  the  depth  of  seven  hundred 
fathoms  only,  water  has  been  found  to  contain  a  proportion  of  salt  four 
times  greater  than  at  the  surface,  we  may  presume  that  the  excess  of 
salt  may  be  much  greater  at  the  depth  of  two  or  three  miles.  After 
evaporation,  the  surface  water  becomes  impregnated  with  a  slight  ex- 
cess of  salt,  and  its  specific  gravity  being  thus  increased,  it  instantly 
falls  to  the  bottom,  while  lighter  water  rises  to  the  top,  or  flows  in  lat- 
erally, being  always  supplied  by  rivers  and  the  current  from  the  Atlan- 
tic. The  heavier  fluid,  when  it  arrives  at  the  bottom,  cannot  stop  if  it 
can  gain  access  to  any  lower  part  of  the  bed  of  the  sea,  not  previouslj 
occupied  by  water  of  the  same  density. 

How  far  this  accumulation  of  brine  can  extend  before  the  inferioi: 
strata  of  water  will  part  with  any  of  their  salt,  and  what  difference  in 
such  a  chemical  process  the  immense  pressure  of  the  incumbent  ocean, 
or  the  escape  of  heated  vapors,  thermal  springs,  or  submarine  volcanic 
eruptions,  might  occasion,  are  questions  which  cannot  be  answered  in 
the  present  state  of  science. 

The  Straits  of  GKbraltar  are  said  to  become  gradually  wider  by  the 
wearing  down  of  the  cllfis  on  each  side  at  many  points ;  and  the  cur- 
rent sets  along  the  coast  of  Africa,  so  as  to  cause  considerable  inroads 
in  various  parts,  particularly  near  Carthage.  Near  the  Canopic  mouth 
of  the  Nile,  at  Aboukir,  the  coast  was  greatly  devastated  in  the  yeat 
1784,  when  a  small  island  was  nearly  consumed.  By  a  series  of  simi- 
lar operations,  the  old  site  of  the  cities  of  Nicropolis,  Taposiiis,  Parva. 
and  Canopus,  have  become  a  sand-banLf 

*^  Bull  de  la  Soc.  O^ol  de  France,— R^nm^,  p.  72, 1882. 

I  Clarke's  Travels  in  Europe,  Asia,  and  Alhca,  vol  ill  pp.  840  and  868, 4tb 


CHAPTER  XXI. 

BBPRODUOnyX   KFFECT3   OF  TIDES   AND   CURRENTS. 

» faow  fonned— SQtifig  ap  of  estiiariet  does  not  eompenafete  the  loti  of 
kuid  oo  the  boideri  of  the  ooean — Bed  of  the  Qeniuui  Oceans— Oompoutioo  and 
extent  of  its  Mud-benk*— Strata  deposited  b7  currents  in  the  English  channel 
—On  the  shores  of  the  Mediterranean-^At  the  months  of  the  Amaaon,  Orinooo^ 
and  Miasiuippi — ^Wide  area  over  which  strata  may  be  formed  by  this  cause. 

Froh  the  facts  enumerated  in  the  last  chapter,  it  appears  that  on  the 
b(vder8  of  the  ocean,  currents  and  tides  co-operating  with  ihe  wares  of 
the  sea  are  most  powerful  instruments  in  the  destruction  and  transpor- 
tatkm  of  rocks ;  and  as  numerous  tributaries  discharge  their  ^uvial  bur- 
den into  the  channel  of  one  great  rirer,  so  we  find  that  many  rivers 
deHTer  their  earthy  contents  to  one  marine  current*  to  be  borne  by  it  to 
a  distance,  and  deposited  in  some  deep  receptacle  of  the  ocean.  The 
euirent,  besides  receiving  this  tribute  of  sedimentary  matter  from  streams 
dnuning  the  land,  acts  also  itself  on  the  coast,  as  does  a  river  on  the 
elifls  which  bound  a  valley.  Tet  the  waste  of  cllfis  by  marine  currents 
constitutes  on  the  whole  a  very  insig^ficant  portion  of  the  denudation 
annually  effected  by  aqueous  causes,  as  I  shall  point  out  in  the  sequel 
of  this  chapter  (p.  839). 

In  inland  seas,  where  the  tides  are  insensible,  or  on  those  parts  of  the 
borders  of  the  ocean  where  they  are  feeble,  it  is  scarcely  possible  to 
prevent  a  harbor  at  a  river's  mouth  from  silting  up ;  for  a  bar  of  sand 
or  mud  is  formed  at  points  where  the  velocity  of  the  turbid  river  is 
checked  by  the  sea,  or  where  the  river  and  a  marine  curriBnt  neutralise 
each  other's  force.  For  the  current,  as  we  have  seen,  may,  like  the 
river,  hold  in  suspension  a  large  quantity  of  sediment,  or,  co-operating 
with  the  waves,  may  cause  the  progresuve  motion  of  a  shingle  beach  in 
one  direction.  I  have  already  alluded  to  the  erection  of  piers  and  groins 
at  certam  places  on  our  southern  coast,  to  arrest  the  course  of  the  shingle 
and  sand  (see  p.  818).  The  immediate  effect  of  these  temporary  obstacles 
is  to  cause  a  great  accumulation  of  pebbles  on  one  side  of  tiie  barrier, 
after  which  the  beach  still  moves  on  round  the  end  of  the  pier  at  a 
greater  distance  from  the  land.  This  system,  however,  is  often  attended 
with  a  serious  evil,  for  during  storms  the  waves  throw  suddenly  into 
the  harbor  the  vast  heap  of  pebbles  which  have  coUeoted  for  years 
behind  the  groin  or  pier,  as  happened  during  a  great  gale  (Jan.  1839) 
at  Dover. 

The  formation  and  keeping  open  of  large  estuaries  are  due  to  the 
combined  influence  of  tidal  currents  and  rivers ;  for  when  the  tide  rises, 
a  large  body  of  water  suddenly  enters  the  mouth  of  ihe  river,  where, 
becoming  confined  within  narrower  bounds,  while  its  momentum  is  not 
destroyed,  it  is  urged  on,  and,  having  to  pass  through  a  contracted 
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channel,  lises  and  nins  with  increased  yelocity,  just  as  a  stream  vhen  it 
reaches  the  arch  of  a  bridge  scarcely  large  enough  to  g^ve  passage  to 
its  waters,  rushes  with  a  steep  fall  through  the  arch.  During  the  ascent 
of  the  tide,  a  body  of  fresh  water,  flowing  down  in  an  opposite  direc- 
tion from  the  higher  country,  is  arrested  in  its  course  for  seyeral  hours ; 
and  thus  a  large  lake  of  fresh  and  brackish  water  is  accumulated,  which, 
when  the  sea  ebbs,  is  let  loose,  as  on  the  removal  of  an  artificial  sluice 
or  dam.  By  the  force  of  this  retiring  water,  the  alluvial  sediment  both 
of  the  river  and  of  the  sea  is  swept  away,  and  transported  to  such  a 
distance  from  the  mouth  of  the  estuary,  that  a  small  part  only  can 
return  with  the  next  tide. 

It  sometimes  happens,  that  during  a  violent  storm  a  large  bar  of  sand 
is  suddenly  made  to  shift  its  position,  so  as  to  prevent  the  free  influx  of 
the  tides,  or  eflElux  of  river  water.  Thus  about  the  year  1500  the  sands 
at  Bayonne  were  suddenly  thrown  across  the  mouth  of  the  Adour. 
That  river,  flowing  back  upon  itself,  soon 'forced  a  passage  to  the  north- 
ward along  the  sandy  plain  of  Capbreton,  till  at  last  it  reached  the  sea 
at  Boucau,  at  the  distance  of  seven  leagues  from  the  point  where  it  had 
formerly  entered.  It  was  not  till  the  year  1579  that  the  celebrated 
architect  Louis  de  Foix  undertook,  at  the  desire  of  Henry  IIL,  to  reopen 
the  ancient  channel,  which  he  at  last  effected  with  great  difficulty.* 

In  the  estuary  of  the  Thames  at  London,  and  in  the  Gironde,  the 
tide  rises  only  for  five  hours  and  ebbs  seven,  and  m  all  estuaries  the 
water  reqmres  a  longer  time  to  run  down  than  up ;  so  that  the  prepoci- 
derating  force  is  always  in  the  direction  which  tends  to  keep  open  a 
deep  and  broad  passage.  But  for  reasons  already  explained,  there  is 
naturally  a  tendency  in  all  estuaries  to  silt  up  partially,-  since  eddies, 
and  backwaters,  and  points  where  opposing  streams  meet,  are  very 
numerous,  and  constantly  change  their  position. 

Many  writers  have  declared  that  the  gain  on  our  eastern  coast,  since 
the  earliest  periods  of  history,  has  more  than  counterbalanced  the  loss ; 
but  they  have  been  at  no  pains  to  calculate  the  amount  of  loss,  and  have 
often  foi^tten  that,  while  the  new  acquisitions  are  manifest,  there  are 
rarely  any  natural  monuments  to  attest  the  former  existence  of  the  land 
that  has  been  carried  away.  They  have  also  taken  into  their  account 
those  tracts  artificially  recovered,  which  are  often  of  great  agricultural 
importance,  and  may  remain  secure,  perhaps,  for  thousands  of  years, 
but  which  are  only  a  few  feet  above  the  mean  level  of  the  sea,  and  are 
therefore  exposed  to  be  overflowed  again  by  a  small  proportion  of  the 
force  required  to  move  cliffs  of  considerable  height  on  our  shores.  If  it 
were  true  that  the  area  of  land  annually  abandoned  by  the  sea  in  estu- 
aries were  equal  to  that  invaded  by  it,  there  would  still  be  no  compen- 
sation tfi  kind. 

The  tidal  cuirent  which  flows  out  from  the  northwest^  and  bears 
agamst  the  eastern  «oast  of  England,  transports,  as  we  have  seen»  matd* 

•  N<raven«  Ohrauqas  de  k  YiUe  de  Bay^nm^  pp.  11<^  189j  1S9^ 
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mis  of  yarious  lands.  Aided  bj  the  waves,  it  imdemiiiies  and  sweeps 
away  the  granite,  gneiss,  trap-rocks,  and  sandstone  of  Shetland,  and 
removes  the  gravel  and  loam  of  the  cliffs  of  Holdemess,  Norfolk,  and 
Saffblk,  which  are  between  twenty  and  three  hundred  feet  in  height, 
and  which  waste  at  various  rates  of  from  one  foot  to  six  yards  annually. 
It  also  bears  away,  in  co-operation  with  the  Thames  and  the  tides,  the 
strata  of  London  clay  on  the  coast  of  Essex  and  Sheppey.  The  sea  at 
the  same  taihe  consumes  the  chalk  with  its  flints  for  many  miles  con- 
tinuously on  the  shores  of  Kent  and  Sussex— commits  annual  ravages 
on  the  freshwater  beds,  capped  by  a  thick  covering  of  chalk-flint  gravel, 
in  Hampshire,  and  continually  saps  the  foundations  of  the  Portland  lime- 
stone. It  receives,  besides,  during  the  rainy  months,  lai^  supplies  of 
pebbles,  sand,  and  mud,  which  numerous  streams  from  the  Grampians, 
Cheviots,  and  other  chains,  send  down  to  the  sea.  To  what  regions, 
then,  is  all  this  matter  consigned  ?  It  is  not  retained  in  mechanical 
suspension  by  the  waters  of  the  ocean,  nor  does  it  mix  with  them  in  a 
state  of  chemical  solution — ^it  is  deposited  swnewkere,  yet  certainly  not 
in  the  immediate  neighborhood  of  our  shores ;  for,  in  that  case,  there 
would  soon  be  a  cessation  of  the  encroachment  of  the  sea,  and  lai^ 
tracts  of  low  land,  like  Romney  Marsh,  would  almost  everywhere  encir- 
de  our  island. 

As  there  is  now  a  depth  of  water  exceeding  thirty  feet,  in  some  spots 
where  towns  like  Dunwich  flourished  but  a  few  centuries  ago,  it  is  clear 
that  the  current  not  only  carries  far  away  the  materials  of  the  wasted 
cliffs,  but  is  capable  also  of  excavating  the  bed  of  the  sea  to  a  certain 
moderate  depth. 

So  great  is  the  quantity  of  matter  held  in  suspension  by  the  tidal 
current  on  our  shores,  that  the  waters  are  in  some  places  artificially 
introduced  into  certun  lands  below  the  level  of  the  sea ;  and  by  repeat- 
ing thu  operation,  which  is  called  *'  warping,"  for  two  or  three  years, 
considerable  tracts  have  been  raised,  in  the  estuary  of  the  Humber,  to 
the  height  of  about  six  feet.  If  a  current,  charged  with  such  materials, 
meets  with  deep  depressions  in  the  bed  of  the  ocean,  it  must  often  fill 
them  up ;  just  as  a  river,  when  it  meets  with  a  lake  in  its  coune,  fills  it 
gradually  with  sediment. 

I  have  said  (p.  387)  that  the  action  of  the  waves  and  currents  on  sea- 
cliffs,  or  their  power  to  remove  matter  from  above  to  below  the  sea- 
level,  is  insign^cant  in  comparison  with  the  power  of  rivers  to  perform 
the  same  task.  As  an  illustration  we  may  take  the  coast  of  Holdemess 
described  in  the  last  chapter  (p.  804).  It  is  composed,  as  we  have 
seen,  of  very  destructible  materials,  is  thirty-six  miles  long,  and  its  aver- 
age height  may  be  taken  at  forty  feet  As  it  has  wasted  away  at  the 
rate  of  two  and  a  quarter  yards  annually,  for  a  long  period,  it  will  be 
found  on  calculation  that  the  quantity  of  matter  thrown  down  into  the 
sea  every  year,  and  removed  by  the  current,  amounts  to  fil, 821*600 
eubic  feet.  It  has  been  shown  that  the  united  Ganges  and  Brahma- 
pootra carry  down  to  the  Bay:  of  Bengal  40,000,000,000  of  cubic  feet 
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of  solid  matter  eveiy  year,  so  ihat  their  traosportiDg  power  is  no  leas 
than  780  times  greater  than  that  of  the  aea  oa  the  coast  above-men- 
tioned ;  and  in  order  to  produce  a  i^ult  equal  to  that  of  the  two  Indiaa 
rirers,  we  must  have  a  line  of  waatiag  coa8t»  like  thai  of  HoldemesSy 
nearly  28,000  miles  in  length,  or  longer  than  the  entire  circumference 
of  the  globe  by  above  8000  miles.  The  reason  of  so  great  a  difiEerenee 
in  the  results  may  be  understood  when  we  reflect  that  the  iopcanations 
of  the  ocean  are  limited  to  a  single  line  of  cliff  surrounding  a<laige  area, 
whereas  great  rivers  with  their  tributaries/and  the  mountcun  tomnia  which 
flow  into  them,  act  umultaneously  on  a  length  of  bank  ahnost  ind€fiaito« 

Nevertheless  we  are  by  no  means  entitled  to  mfer,  that  the  denuding 
force  of  the  great  ocean  is  a  geological  cause  <^  small  efiioa(^,  or  m- 
ferior  to  that  of  rivers.  Its  chief  bfluence  ia  exerted  at  moderate  depths 
below  the  surface,  on  all  those  areas  which  are>  slowly  rising,  or  aico 
attempting,  as  it  were,  to  rise  above  the  sea.  From  data  hitherto  ob« 
tained  respecting  subterranean  movements,  we  can  scarcely  speculate 
on  an  average  rate  of  upheaval  of  more  than  two  or  three  feet  in  a 
century.  An  elevation  to  this  amount  is  taking  place  in  Scandinavia, 
and  probably  in  many  submarine  areas  as  vast  as  Uiose  which  we  know 
to  be  sinkmg  from  the  proofs  derived  from  drcular  lagoon  islands  or 
coral  atolls.  (See  chap.  50.)  Suppose  strata  as  destructibte  as  those 
of  the  Wealden,  or  the  lower  and  upper  cr^tacteus  fonnation,  or  the 
tertiary  deposits  of  the  Britbh  Isles  to  be  thus  slowly  upheaved,  hdw 
readily  might  they  all  be  swept  away  by  waves  and  currents  in  an 
open  sea!  How  entirely  might  each  stratum  di^ppear  aa  it  was 
brought  up  successively  and  exposed  to  the  breakers !  Shods  of  wide 
extent  might  be  produced,  but  it  is  difficult  to  conceite  how  any  con- 
tinent could  ever  be  formed  under  sudi  circvmstances;  Were  it  aot 
indeed  for  the  hardness  and  toughness  of  the  crystallme  ahd  volcanic 
rocks,  which  are  often  capable  of  resisting  the  action  of  the  wavea,  few 
lands  might  ever  emerge  from  the  midst  of  an  open  sea. 

Supposed  filling  up  </  the  6hrman  Ocean. — ^The  German  Ocean  is 
deepest  on  the  Norwe^an  side,  where  the  soundings  give  190  fathoms ; 
but  the  mean  depth  of  the  whole  basin  may  be  stated  at  no  more  than 
thirty-one  fathoms.*  The  bed  of  this  sea  is  traversed  by  several  enor^ 
mous  bailks,  the  greatest  of  which  is  the  Dogger  Bank,  extending  for 
upwards  of  354  miles  from  north  to  south.  The  whole  superficies  of 
these  shoals  is  equal  to  about  one-third  of  the  whole  extent  of  England 
and  Scotland.  The  average  height  of  the  banks  measures,  according  to 
Mr.  Stevenson,  about  seventy-oght  feet ;  the  upper  portion  of  them 
consisting  of  fine  and  coarse  siliceous  sand,  mixed  with  comminuted 
corals  and  8hells.f  It  had  been  supposed  that  these  vaat  submarine 
hills  were  made  up  bodily  of  loose  materials  supplied  from  the  waste  of 
the  English,  Dutch,  and  other  coasts ;  but  the  survey  of  the  North  Sea, 

•  Stevenson  on  bed  of  German  Ocean,  Ed.  Pbil.  Joam.  No.  r.  ik  44 :  1  WO. 
t  Sievenson,  ibid.  p.  4*7 :  1820.  . 
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oooducted  by  Captain  H«ir6tt»  affinrds  ground  for  suspecting  tlus  opm« 
toil  to  be  erroneous.  If  sueh  immense  mounds  of  sand  and  mud  bad 
been  accumulated  imder  tbe  influence  of  currents,  tbe  same  causes  ougbt 
nearly  to  kave  reduced  to  one  lerel  tbe  entoe  bottom  of  tbe  Gkrman 
Ocean  ;  instead  of  which  some  long  narrow  rayines  are  found  to  inter- 
sect the  banks.  One  of  these  varies  from  serenteen  to  forty-four 
fathoms  in  depth,  and  has  very  precipitous  sides ;  in  one  part,  called 
tbe  "  Inner  Silver  Pits,''  it  is  fif(^-five  fathoms  deep.  The  shallowest 
parts  of  the  Dogger  Bank  were  found  to  be  forty-two  feet  under  water, 
except  in  one  place,  where  the  wreck  of  a  ship  bad  caused  a  shoaL 
Such  untformity  in  tbe  minimum  depth  of  water  seems  to  imply  that 
tbe  currents,  which  vary  in  their  velocity  from  a  mile  ^o  two  miles  and 
a  half  per  hour,  have  power  to  prevent  the  accumulation  of  drift  matter 
in  places  of  less  depth. 

Strata  depeeifed  bycurrmi$, — It  appears  extraordinary,  that  in  some 
tracts  of  the  sea,  adjoining  tbe  coast  of  England,  where  we  know  that 
currents  are  not  only  sweeping  along  rocky  masses,  thrown  down,  from 
time  to  time,  from  the  high  cliffs,  but  also  occasionally  scooping  out 
channels  in  the  regular  strata,  there  should  exist  fragile  shells  and  ten- 
der zoophytes  in  abundance,  which  live  uninjured  by  these  violent  move- 
ments. Tbe  ocean,  however,  is  in  this  respect  a  counterpart  of  the 
land ;  and  as,  on  the  continents,  rivem  may  undermme  their  banks,  up* 
root  trees,  and  roll  along  sand  and  gravel,  while  their  waters  are  inhabit- 
ed by  testacea  and  fish,  and  their  alluvial  plains  are  adorned  with  rich 
vegetation  and  forests,  so  the  sea  may  be  traversed  by  rapid  currents, 
and  its  bed  may  here  «nd  there  suffer  great  local  derangement,  without 
any  interruption  of  the  general  order  and  tranquillity.  It  has  been  as- 
certained by  soundings  in  all  parts  of  the  world,  that  where  new  deposits 
are  taking  place  in  the  sea,  coarse  sand  and  small  pebbles  commonly 
occur  near  the  shore,  while  farther  from  land,  and  in  deeper  water,  finer 
sand  and  broken  shells  are  spread  out  over  the  bottom.  Still  farther 
out,  tbe  finest  mud  and  oose  are  alone  met  with.  Mr.  Austen  observes 
that  this  rnl<i  holds  good  in  every  part  of  the  English  Channel  examined 
by  him.  He  also  informs  us,  that  where  the  tidal  current  runs  rap- 
i^  in  what  are  called  "  races,"  where  surface  undulaticms  are  perceived 
in  the  calmest  weather,  over  deep  banks,  the  discoloration  of  the  water 
does  not  arise  from'^e  power  of  such  a  current  to  disturb  the  bottom 
at  a  depth  of  40  or  80  fathoms,  as  some  have  supposed.  In  these  cases, 
a  column  of  water  sometimes  500  feet  in  height,  is  moraig  onwards  with 
tbe  tide  clear  and  transparent  above,  while  the  lower  portion  holds  fine 
sedhnent  in  suspension  (a  fact  ascertamed  by  soundings),  when  sud- 
denly it  impinges  upon  a  bank,  and  its  height  is  reduced  to  300  feet. 
It  is  thus  made  to  boil  up  andjfiow  off  at  the  surface,  a  process  which 
forces  up  tbe  lower  strata  of  water  charged  with  fine  particles  of  mud, 
which  in  their  passage  from  the  coast  had  graduaUy  srnik  to  a  depth  of 
800  feet  or  more^* 

•  Eobt.  A.  0.  AuBten,  Quart.  Joum.  GeoL  8<Jc,  vol.  rl  p.  It, 
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One  important  character  in  the  formations  produced  by  currents  is, 
the  immense  extent  over  which  they  may  be  the  means  of  difinsing 
homogeneous  mixtures,  for  these  are  often  coextensive  with  a  great 
line  of  coast ;  and,  by  comparison  with  their  deposits,  the  deltas  of 
rivers  must  shrink  into  significance.  In  the  Mediterranean,  the  same 
current  which  is  rapidly  destroying  many  parts  of  the  African  coasts 
between  the  Straits  of  Gibraltar  and  the  Nile,  checks  also  the  growtk 
of  the  delta  of  the  Nile,  and  drifts  the  sediment  of  that  great  river  to 
the  eastward.  To  this  source  may  be  attributed  the  rapid  accretions 
of  land  on  parts  of  the  Syrian  shores  where  rivers  do  not  enter. 

Among  the  greatest  deposits  now  in  progress,  and  of  which  the  dis- 
tribution is  chiefly  determined  by  currents,  we  may  class  those  between 
the  mouths  of  the  Amazon  and  the  southern  coast  of  North  America. 
Captain  Sabine  found  that  the  equatorial  current  before  montioned 
(p.  292)  was  running  with  the  rapidity  of  four  miles  an  hour  where  it  k  rosass 
the  stream  of  the  Amazon,  which  river  preserves  part  of  its  or^^inal 
impulse,  and  has  its  waters  not  whoUy  mingled  with  those  of  the  oceaa 
at  the  distance  of  300  miles  from  its  mouth.*  The  sediment  of  the 
Amazon  is  thus  constantly  carried  to  the  northwest  as  far  as  to  the 
mouths  of  the  Orinoco,  and  an  immense  tract  of  swamp  is  fmmed  along 
the  coast  of  Guiana,  with  a  long  range  of  muddy  shoals  bordering  the 
marshes,  and  becoming  converted  into  land.f  The  sediment  of  the 
Orinoco  b  partly  detained,  and  settles  near  its  mouth,  caosiiig  the 
shores  of  Trinidad  to  extend  rapidly,  and  is  partly  swept  away  into  the 
Carribean  Sea  by  the  Guinea  current.  According  to  Humlxddt,  muck 
sediment  is  carried  again  out  of  the  Carribean « Sea  into  the  Golf  of 
Mexico. 

It  should  not  be  overlooked  that  marine  currents,  even  on  coasts 
where  there  are  no  large  rivers,  may  still  be  the  agents  of  spreading  not 
only  sand  and  pebbles,  but  the  finest  mud,  far  and  wide  oy^  the  bottom 
of  the  ocean.  jPor  several  thotMand  mile$  along  the  western  coast  of 
South  America,  comprising  the  lai^r  parts  of  Peru  and  Chili,  there  b 
a  perpetual  rolling  of  shingle  along  the  shore,  part  of  which,  as  Mr. 
Darwin  has  shown,  are  incessantly  reduced  to  the  finest  mud  by  tiie 
waves,  and  swept  into  the  depths  of  the  Pacific  by  the  tides  and  cur- 
rents. The  same  author  however  has  remarked  that,  notwithstanding 
the  great  force  of  the  waves  on  that  shore,  all  rocks  60  feet  under  waiter 
are  covered  by  sea-weed,  showing  that  the  bed  of  the  sea  is  not  denuded 
at  that  depth,  the  effects  of  the  winds  being  comparatively  superficial 

In  regard  to  the  distribution  of  sediment  by  currents  it  may  be  ob- 
served, that  the  rate  of  subsidence  of  the  finer  mud  carried  down  by 
every  great  river  into  the  ocean,  or  of  that  caused  by  the  rolling  of  the 
waves  upon  a  shore,  must  be  extremely  slow  ;  for  the  more  minute  the 
separate  particles  of  mud,  the  slower  will  they  sink  to  the  bottom*  and 

*  Ezperimento  to  determine  the  Figare  of  the  Earth,  Ac  p.  44A. 
t  Locfaead  on  Nat  Hist  of  Guiana,  Edin.  Trans,  vol.  iv. 
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the  sooner  will  they  acquire  what  is  called  their  terminal  velocity.  It 
is  well  known  that  a  solid  body,  descending  through  a  resisting  me- 
dium, falls  by  the  force  of  gravity,  which  is  constant,  but  its  motion  is 
resisted  by  the  medium  more  and  more  as  its  velocity  increases,  until 
the  resistance  becomes  sufficient  to  counteract  the  farther  increase  of 
velocity.  For  example,  a  leaden  ball,  one  inch  diameter,  falling  through 
air  of  density  as  at  the  earth's  surface,  will  never  acquire  greater  veloci- 
ty than  260  feet  per  second,  and,  in  water,  its  greatest  velocity  will  be 
8  feet  6  inches  per  second.  If  the  diameter  of  the  ball  were  y^  of  an 
inch,  the  terminal  velocities  in  lur  would  be  26  feet,  and  in  water  '86  of 
a  foot  per  second. 

Now,  every  chemist  is  familiar  with  the  fact»  that  nunute  particles 
descend  with  extreme  slowness  through  water,  the  extent  of  their 
surface  being  very  great  in  proportion  to  their  weight,  and  the  resist- 
ance of  th&  fluid  depending  on  the  amount  of  surface.  A  precipitate  of 
sulphate  ci  baiyta,  for  example,  will  sometimes  require  more  than  five 
or  six  hours  to  subside  one  inch  ;*  while  oxalate  and  phosphate  of  lime 
require  neariy  an  hour  to  subside  about  an  inch  and  a  half  and  two 
inches  respectively,!  so  exceedingly  small  are  the  particles  of  which 
these  substances  consist. 

When  we  recollect  that  the  depth  of  the  ocean  is  supposed  frequently 
to  exceed  three  miles,  and  that  currents  run  through  different  parts  of 
that  ocean  at  the  rote  of  four  miles  an  hour,  and  when  at  the  same  time 
we  eonuder  that  some  fine  mud  carried  away  from  the  mouths  of  rivers 
and  from  sea-beaches,  where  there  is  a  heavy  surf,  as  well  as  the  im- 
palpable powder  showered  down  by  volcanoes,  may  subside  at  the  rate 
<^  only  an  inch  per  hour,  we  shall  be  prepared  to  find  examples  of  the 
tmnsportation  of  sediment  over  areas  of  indefinite  extent. 

It  is  not  uncommon  for  the  emery  powder  used  in  polishing  glass  to 
take  more  than  an  hour  to  sink  one  foot.  Suppose  mud  composed  of 
coarser  particles  to  fall  at  the  rate  of  two  feet  per  hour,  and  these  to  be 
dischai^ed  into  that  part  of  the  Gulf  Stream  which  preserves  a  mean 
velodty  of  three  miles  an  hour  for  a  distance  of  two  thousand  miles ;  in 
twenty-eight  days  these  particles  will  be  carried  2016  miles,  and  will 
have  fallen  only  to  a  depth  of  224  fathoms. 

In  this  example,  however,  it  is  assumed  that  the  current  retains  its 
superficial  velocity  at  the  depth  of  224  fathoms,  for  which  we  have  as 
yet  no  data,  although  we  have  seen  that  the  motion  of  a  current  may 
continue  at  the  depth  of  100  fathoms.  (See  above,  p.  28.)  Experi- 
ments should  be  made  to  ascertam  the  rote  of  currents  at  considerable 
distances  from  the  surface,  and  the  time  taken  by  the  finest  sediment  to 
settle  in  sea- water  of  a  given  depth,  and  then  the  geologist  may  deter- 
mine the  area  over  which  homogeneous  mixtures  may  be  simultaneously 
distributed  in  certain  seas. 

•  On  the  authority  of  Mr.  Faraday.       f  ^  ^®  authority  of  Mr.  R  Phillipa. 
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IOKBOIT8  CAUSES. 

Cfbanges  of  the  inoigiiuc  world,  wntinued—Jgaeoxa  caoset— DiTiMflii  of  the  sub* 
ject— Distinct  rolcanic  regions— Region  of  the  Andes— System  of  Tokanoes 
extending  from  the  Aleutian  isles  to  the  Molucca  and  Sunda  island*— Poly- 
nesian archipelago— Volcanic  region  extending  from  Central  Asia  to  the  Aaores 
—Tradition  of  deluges  on  the  shores  of  the  Bosphorus,  HeUespont,  and  Grecian 
iales^Periodieal  altenataon  of  earthquakes  in  Syria  and  Soathem  Italy— 
Western  limite  of  the  European  region— Earthquakes  rarer  and  more  feeble  as 
▼e  recede  from  the  centres  of  yolcanic  action.  ExUnct  volcanoes  not  to  be  in< 
eluded  in  lines  of  active  Tent& 

We  have  hitherto  considered  the  changes  wrought,  since  the  times  of 
history  and  tradition,  by  the  continued  action  of  aqueous  causes  on  the 
earth's  surface ;  and  we  have  next  to  examine  those  resulting  from  ig- 
neous agency.  As  the  rivers  and  springs  on  the  land,  and  the  tides 
and  currents  in  the  sea,  have,  with  some  slight  modifications,  been  fixed 
and  constant  to  certain  localities  from  the  earliest  periods  of  which  we 
have  any  records,  so  the  volcano  and  the  earthquake  have,  with  few  ex- 
ceptions, continued,  during  the  same  lapse  of  time,  to  disturb  the  same 
regions.  But  as  there  are  signs,  on  almost  every  part  of  our  continent, 
of  great  power  having  been  exerted  by  running  water  on  the  surface  of 
the  land,  and  by  waves,  tides,  and  currents  on  cliffs  bordering  the  sea, 
where,  in  modem  times,  no  rivers  have  excavated,  and  no  waves  or 
tidal  currents  undermined — so  we  find  signs  of  volcanic  vents  and  vio- 
lent subterranean  movements  in  places  where  the  action  of  ^re  or  inter- 
nal heat  has  long  been  dormant.  We  can  explain  why  the  intensity  of 
the  force  of  aqueous  causes  should  be  developed  in  succession  in  differ- 
ent districts.  Currents,  for  example,  tides,  and  the  waves  of  the  sea, 
cannot  destroy  coasts,  shape  Out  or  silt  up  estuaries,  break  through 
isthmuses,  and  annihilate  islands,  form  shoals  in  one  place,  and  remove 
them  from  another,  without  the  du-ection  and  position  of  their  destroy- 
ing and  transporting  power  becoming  transferred  to  new  localities. 
Neither  can  the  relative  levels  of  the  earth's  crust,  above  and  beneath 
the  waters,  vary  from  time  to  time,  as  they  are  admitted  to  have  varied 
at  former  periods,  and  as  it  will  be  demonstrated  that  they  still  do, 
without  the  continents  being,  in  the  course  of  ages,  modified,  and  even 
entirely  altered,  in  their  external  configuration.  Such  events  must 
clearly  be  accompanied  by  a  complete  change  in  the  volume,  velocity, 
and  direction  of  the  streams  and  land  floods  to  which  certain  regions 
give  passage.  That  we  should  find,  therefore,  cliflfe  where  the  sea  once 
committed  ravages,  and  from  which  it  has  now  retired — estuaries  where 
high  tides  once  rose,  but  which  are  now  dried  up— valleys  hollowed 
out  by  water,  where  no  streams  now  flow,  is  no  more  than  we  should 
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expeei ;  these  and  similar  phenomena  are  the  necessary  eoosequenees 
of  phjsicid  causes  now  m  operation ;  and  if  there  be  no  instability  in 
the  laws  of  nature,  similar  fluctuations  must  recur  again  and  again  in 
time  to  come. 

But,  however  natural  it  may  be  that  the  force  of  running  water  in 
numerous  valleys,  and  of  tides  and  currents  in  many  tracts  of  the  sea, 
should  now  be  epent,  it  is  by  no  means  so  easy  to  ezplam  why  the  vio- 
lence of  the  earthquake  and  the  fire  of  the  volcano  should  also  have 
'become  locally  extinct  at  successive  periods.  We  can  look  back  to  the 
time  when  the  marine  strata,  whereon  the  great  mass  of  Etna  rests,  had 
no  existence ;  and  that  time  is  extremely  modem  in  the  earth's  history. 
This  alone  affords  ground  for  anticipatbg  that  the  eruptions  of  Etna  will 
one  day  cease. 

N«o  quiB  milfureis  urdet  fornadboB  JUna 
Ignea  semper  erit,  neque  enim  /uit  ignea  umper, 

{QyiD,  Metam.  Uh  15-840,) 

are  the  memorable  words  which  are  put  into  the  mouth  of  Pythagoras 
by  the  Boman  poet»  and  they  are  followed  by  speculations  as  to  the 
cause  of  volcanic  vents  shifting  their  positions.  Whatever  doubts  the 
philo80{rfier  expresses  as  to  the  nature  of  these  causes,  it  is  assumed,  as 
incontrovertible,  that  the  points  of  eruption  will  hereafter  vary,  heeauw 
they  have  formerly  done  eo;  &  principle  of  reasoning  which,  as  I  have 
endeavored  to  show  in  former  chapters,  has  been  too  much  set  at  naught 
by  some  of  the  earlier  schools  of  geology,  which  refused  to  conclude 
that  great  revolutions  in  the  earth's  surface  are  now  in  progress,  or  that 
they  will  take  place  hereafter,  because  they  have  often  been  repeated  in 
former  ages. 

JDivuion  of  the  suhfect, — Volcanic  action  may  be  defined  to  be  ''  the 
influence  exerted  by  the  heated  interior  of  the  earth  on  its  external 
covering."  If  we  adopt  this  definition,  without  connecting  it,  as  Hum- 
boldt has  done,  with  the  theory  of  secular  refrigeration,  or  the  cooling 
down  of  an  original  heated  and  fluid  nucleus,  we  may  then  class  under 
a  general  head  all  the  subterranean  phenomena,  whether  of  volcanoes,  or 
earthquakes,  and  those  insensible  movements  of  the  land,  by  which,  as 
will  afterwards  appear,  large  districts  may  be  depressed  or  elevated, 
without  convulsions.  Accordmg  to  this  view,  I  shall  consider  first,  the 
volcano ;  secondly,  the  earthquake ;  thirdly,  the  rising  or  sinking  of  land 
in  countries  where  there  are  no  volcanoes  or  earthqirakes ;  fourthly,  the 
probable  cauees  of  the  changes  which  result  from  subterranean  agency. 

It  is  a  very  general  opinion  that  earthquakes  and  volcanoes  have  a 
common  origin ;  for  both  are  confined  to  certain  regions,  although  the 
subterranean  movements  are  least  violent  in  the  immediate  proximity  of 
volcanic  vents*  especially  where  the  discharge  of  aeriform  fluids  and 
melted  rock  is  made  constantly  from  the  same  crater.  But  as  there  are 
particular  re^ons,  to  which  both  the  pomts  of  eruption  and  the  move- 
ments ci  great  earthquakes  are  confined.  I  shall  b^in  by  tracmg  out  the 


846  GBOOKAPHIGAL  BOUBDABIEB  [0&  XXIL 

geographical  boimdaries  of  some  of  these,  that  the  reader  may  be  aware 
of  the  magnificent  scale  on  which  the  agency  of  subterFaoean  fire  is  now 
simultaneously  developed.  Over  the  whole  of  the  vast  tracts  alluded  to^ 
active  volcanic  vents  are  distributed  at  intervals,  and  most  ooomioDly 
arranged  in  a  linear  direction.  Throughout  the  intermediate  spaces  there 
is  often  abundant  evidence  that  the  subterranean  fire  is  at  work  contmn- 
ously,  for  the  ground  is  convulsed  from  time  to  time  by  earthquakes ; 
gaseous  vapors,  especially  carbonic  acid  gas,  are  disengaged  plentifully 
from  the  soil ;  springs  often  issue  at  a  very  high  temperature,  and  ihar 
waters  are  usually  impregnated  with  the  same  mineral  matters  as  are 
discharged  by  volcanoes  during  eruptions. 

YOLCANIO  BXOIONS. 

I 

Region  cf  the  Andes, — Of  these  great  regions,  that  of  the  Andes  of 
South  America  is  one  of  the  best  defined,  extending  from  the  southward 
of  Chili  to  the  northward  of  Quito,  from  about  hit  43*  S.  to  about  2*  K 
of  the  equator.  In  this  range,  however,  comprehending  forty-five  de* 
grees  of  latitude,  there  is  an  alternation  on  a  grsnd  scale  of  districts  of 
active  with  those  of  extinct  volcanoes,  or  which,  if  not  spent»  have  at 
least  been  .dormant  for  the  last  three  centuries.  How  long  an  interval 
of  rest  may  entitle  us  to  conmder  a  volcano  as  entirely  extinct  is  not 
easily  determined ;  but  we  know  that  in  Ischia  there  intervened  between 
two  consecutive  eruptions  a  pause  of  seventeen  centuries ;  and  the  dis- 
covery of  America  is  an  event  of  far  too  recent  a  date  to  allow  us  even 
to  conjecture  whether  different  portions  of  the  Andes,  nearly  the  whole 
of  which  are  subject  to  earthquakes,  may  not  experience  alternately  a 
cessation  and  renewal  of  eruptions. 

The  first  line  of  active  vents  which  have  been  seen  in  eruption  m  the 
Andes  extends  from  lat  48''  28'  S. ;  or,  from  Yantales,  opposite  the  isle 
of  Chiloe,  to  Coquimbo,  in  lat.  80®  S. ;  to  these  thirteen  degrees  of  latl- 
tude  succeed  *more  than  eight  degrees  in  which  no  recent  volcanic  erup- 
tions have  been  observed.  We  then  come  to  the  volcanoes  of  Bolivia 
and  Peru,  reaching  «x  degrees  from  S.  to  N.,  or  from  lat  21®  S.  to  lat- 
15^  S.  Between  the  Peruvian  volcanoes  and  those  of  Quito,  another 
space  intervenes  of  no  less  than  fourteen  degrees  of  latitude,  said  to  be 
free  from  volcanic  action  so  far  as  yet  known.  The  volcanoes  of  Quito 
then  succeed,  beginning  about  100  geographical  miles  south  of  the  equa- 
tor, and  continuii^  for  about  ISO  mUes  north  of  the  line,  when  there 
occurs  another  undisturbed  interval  of  more  than  six  degrees  of  latitude, 
after  which  we  arrive  at  the  volcanoes  of  Guatemala  or  Central  America, 
north  of  the  Isthmus  of  Panama.* 

Having  thus  traced  out  the  Hue  from  south  to  north,  I  may  first  state, 
in  regard  to  the  numerous  vents  of  Chili,  that  the  volcanoes  of  Tantales 

♦  See  Von  BnchV  Description  of  Canary  Ishindfl  (Paris,  ed.  1886)  for  a  TshiiUe 
ttetdi  of  the  principal  ▼okanoes  of  the  globe. 
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and  Oionio  were  in  eraptioii  dnriog  the  great  earthquake  of  1885»  at  the 
flame  momeDt  that  the  land  was  shaken  in  Chiloe,  and  in  some  parta  of 
the  Chilian  coast  permanently  upheaved ;  whilst  at  Joan  Fernandez^  at 
the  distance  of  no  less  than  720  geographical  miles  from  Yantales,  an 
emption  took  place  heneath  the  sea.  Some  of  the  volcanoes  of  Chili  are 
of  great  height,  as  that  of  Antuoo,  m  lat.  87°  40'  S.,  the  summit  of 
which  is  at  least  16,000  feet  above  the  sea.  From  the  flanks  of  this 
volcano,  at  a  great  hdght,  immense  currents  of  lava  have  issued,  one  of 
which  flowed  in  the  year  1828.  This  event  is  said  to  be  an  exception 
in  the  general  rule ;  few  volcanoes  in  the  Andes,  and  none  of  those  in 
Quito,  having  been  seen  in  modem  times  to  pour  out  lava,  but  having 
merely  ejected  vapor  or  scoriae. 

Both  the  basaltic  (or  augitic)  lavas,  and  those  of  the  felspathic  classy 
occur  in  Chili  and  other  parts  of  the  Andes ;  but  the  volcanic  rocks  of 
the  felspathic  family  are  said  by  Yon  Buch  to  be  generally  not  trachyte, 
but  a  rock  which  has  been  called  andesite,  or  a  mixture  of  augite  and 
albite.  The  last-mentioned  mineral  contains  soda  instead  of  the  potash 
found  in  common  felspar. 

The  volcano  of  Rancagua,  lat  84°  15'  8.,  is  said  to  be  always  throw- 
ing out  ashes  and  vapors  like  Stromboli,  a  proof  of  the  permanently 
heated  state  of  certain  parts  of  the  interior  of  the  earth  below.  A  year 
rarely  passes  in  Chili  without  some  slight  shocks  of  earthquakes,  and  in 
certain  districts  not  a  month.  Those  shocks  which  come  from  the  side 
of  the  ocean  are  the  most  violent^  and  the  same  is  said  to  be  the  case  in 
Peru.  The  town  of  Copiapo  was  laid  waste  by  this  terrible  scourge  in 
the  years  1778, 1796,  and  1819,  or  m  both  cases  after  regular  intervals 
of  twenty*three  years.  There  have,  however,  been  other  shocks  in  that 
country  in  the  periods  intervening  between  the  dates  above  mentioned, 
although  probably  all  less  severe,  at  least  on  the  exact  site  of  Copiapo. 
The  evidence  against  a  regular  recurrence  of  volcanic  convulsions  at 
stated  periods  is  so  strong  as  a  general  fact,  that  we  must  be  on  our 
guard  against  attaching  too  much  importance  to  a  few  striking  but 
probably  accidental  coincidences.  Am(Hig  these  last  might  be  adduced 
the  case  of  Lima,  violently  shaken  by  an  earthquake  on  the  17th  <^  June, 
1578,  and  again  on  the  very  same  day,  1678 ;  or  the  eruptions  of 
Coseguina  in  the  year  1709  and  1809,  which  are  the  only  two  recorded 
of  that  volcano  previous  to  that  <^  1885.* 

Of  the  permanent  upheaval  of  land  after  earthquakes  in  Chili,  I  shall 
have  occasion  to  speak  in  the  next  chapter,  when  it  will  also  be  seen 
that  great  shocks  often  coincide  with  eruptions,  either  submarine  or 
from  the  cones  of  the  Andes,  showing  the  identity  of  the  force  which 
elevates  continents  with  that  which  causes  volcanic  outbursts.f 

The  space  between  Chili  and  Peru,  in  which  no  volcanic  action  has 
been  observed,  is  160  nautical  leagues  from  south  to  north.  It  is, 
however,  as  Yon  Buch  observes,  that  part  of  the  Andes  which  is  least 

•  Darwio,  OeoL  Trans.  2d  series,  voL  v.  p.  612.  f  Ibid,  p^  606. 
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known,  being  thinlT^  peopled,  and  in  some  parts  entirely  desert.  The 
Toleanoes  of  Peru  rise  from  a  lofty  platform  to  vast  he^bts  above  the 
level  of  the  sea,  iroin  17,000  to  90,000  feet.  The  lava  whieh  has  issoed 
from  Viejoi  lat.  16®  55'  S.,  accompanied  by  pumice,  is  composed  of  a 
mixture  of  crystals  of  albitie  felspar,  hornblende,  and  mica,  a  rock 
which  has  been  considered  as  one  of  the  rarieties  of  andesite.  Some 
tremendous  earthquakes  which  have  vinted  Peru  in  modem  times  will 
be  mentioned  in  a  subsequent  chapter. 

The  volcanoes  of  Quito,  occurring  between  the  second  degree  of  south 
and  the  third  degree  of  north  latitude,  rise  to  vast  elevations  above  the 
sea,  many  of  them  being  between  14,000  and  18,000  feet  high.  The 
Indians  of  Lican  have  a  tradition  that  the  mountam  called  L* Altar,  or 
Gapac  UroQ,  which  means  **  the  chief,^  was  once  the  highest  of  those 
near  the  equator,  being  higher  than  Chimborazo ;  but  in  the  reign  of 
Ouiunia  Abomatha,  before  the  discovery  of  America,  a  prodigious  erup- 
tion took  place,  which  lasted  eight  years,  and  broke  it  down.  The  frag- 
ments of  trachyte,  says  M.  Boussingault,  which  once  formed  the  conical 
summit  of  this  celebrated  mountain,  are  at  this  day  spread  over  the 
plain.*  Cotopazi  b  the  most  lofty  of  all  the  South  American  volcanoes 
which  have  been  in  a  state  of  activity  in  modem  times,  its  height  bmg 
18,858  feet ;  and  its  emptions  have  been  more  frequent  and  destructive 
than  those  of  any  other  mountun.  It  is  a  perfect  cone,  usually  covered 
with  an  enormous  bed  of  snow,  which  has,  however,  been  sometimes 
melted  suddenly  during  an  eruption;  as  in  January,  1803,  for  example, 
when  the  snows  were  dissolved  in  one  night. 

Deluges  are  often  caused  in  the  Andes  by  the  liquefaction  of  great 
masses  of  snow,  and  sometimes  by  the  rending  open,  during  eaijth- 
quakes,  of  subterranean  cavities  filled  with  water.  In  these  inundations 
fine  volcanic  sand,  loose  stones,  and  other  materials  which  the  water 
meets  with  in  its  descent,  are  swept  away,  and  a  vast  quantity  of  mud, 
called  *'  moya,"  is  thus  formed  and  carried  down  into  the  lower  regions. 
Mud  derived  from  this  source  descended,  in  1797,  from  the  sides  of 
Tunguragua  in  Quito,  and  filled  valleys  a  thousand  feet  wide  to  the 
depth  of  six  hundred  feet,  damming  up  rivers  and  causing  lakes.  In 
these  currents  and  lakes  of  moya,  thousands  of  small  fish  are  some- 
times enveloped,  which,  according  to  Humboldt,  have  lived  and  mul- 
tiplied in  subterranean  cavities.  So  great  a  quantity  of  these  fish  were 
ejected  from  the  voleano  of  Imbaburu  in  1691,  that  fevers,  which  pre- 
vailed at  the  period,  were  attributed  to  the  effluvia  arismg  from  the 
putrid  animal  matter.. 

In  Quito,  many  important  revolutions  in  the  phyttcal  features  of  the 
country  are  said  to  have  resulted,  within  the  memory  of  man,  from  the 
earthquakes  by  which  it  has  been  convulsed.  M.  Boussingault  declares 
his  belief,  that  if  a  full  register  had  been  kept  of  all  the  convulsions  ex- 
perienced here  and  in  other  populous  districts  of  the  Andes»  it  would 

•  Ball  de  la  Boa  G^oL  torn,  vi  pi  65. 
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be  foaind  that  the  trembling  of  the  earth  had  been  ineeasant  The  fre- 
quency of  the  movement,  he  thinks,  is  not  diie  to  volcamc  ezpIosiooBy 
bat  to  the  continual  falling  in  of  mi^aes  of  rock  which  haye  been  frac* 
tared  and  upheaved  in  a  solid  form  at  a  comparatively  recent  epoch  j 
but  a  logger  seriee  of  observations  would  be  requisite  to  confirm  this 
opinion.  According  to  the  same  author,  the  he^ht  of  several  moun- 
tains of  the  Andes  has  diminished  in  modern  times.* 

The  great  crest  or  cordillera  of  the  Andes  is  depressed  at  the  IsUunus 
of  Panama  to  a  height  of  about  1000  feet^  and  at  the  lowest  point  of 
separation  between  the  two  seas  near  );he  Gulf  of  San  Miguel,  to  ISO 
feet.  What  some  geographers  regard  as  a  continuation  of  that  chain 
in  Central  America  lies  to  the  east  of  a  series  of  volcanoes,  many  of 
which  xre  active  in  the  provinces  of  Pasto,  Popayan,  and  Ouateiyiala« 
Coseguina,  on  the  south  side  of  the  Gulf  pf  Fonseca,  was  in  eruption  in 
January,  1835,  and  some  of  its  ashes  fell  at  Tmxillo,  on  the  shores  ol 
the  Gulf  of  Mexico.  What  is  still  inore  remarkable,  on  the  same  day^ 
at  Kingston,  in  Jamaica,  the  same  shower  of  ashes  fell^  haying  been  car- 
ried by  an  upper  counter-current  agtunst  the  regular  east  wind  which 
was  then  blowing.  Kingston  is  about  700  miles  distant  from  Coseguina, 
and  these  ashes  must  have  been  more  than  four  days  in  the  axe,  having 
travelled  170  miles  a  day.  Eight  leaguesto  the  southward  of  the  cra- 
ter, the  ashes  covered  the  ground  to  the  depth  of  three  yards  and  a  half, 
destroying  the  woods  and  dwellings.  Thousands  of  cattle  perished,  their 
bodies  being  in  many  instances  one  mass  of  scorched  flesh.  Deer  and 
other  wild  animals  sought,  the  towns  for  protection;  many  birds  and 
quadrupeds  were  found  suffocated  in  the  ashes,  and  the  neighboring 
streams  were  strewed  with  dead  fish.f  Such  facts  throw  light  on  geo* 
logical  monuments,  for  in  the  ashes  thrown  out  at  remote  periods  from 
the  volcanoes  of  Auvergne,  now  extinct,  we  find  the  bones  and  skeletons 
of  lost  species  of  quadrupeds. 

Mexico. — The  great  volcanic  chain,  after  having  thus  pursued  its 
course  for  several  thousand  miles  from  south  to  north,  sends  off  ^ 
branch  in  a  new  direction  m  Mexico,  in  the  parallel  of  the  city  of  that 
name,  and  is  prolonged  in  a  great  platform  between  the  eighteenth  and 
twenty-second  degrees  of  north  latitude.  Five  active  volcanoes  traverse 
Mexico  from  west  to  east — ^Tuxtla,  Orizaba,  P^pocatepeU,  JoruUo,  and 
Colima.  JoruUo,  which  is  in  the  centre  of  the  great  platform,  is  no  less 
than  120  miles  from  the  nearest  ocean — ^an  important  circumstance,  as 
showing  that  the  proximity  of  the  sea  is  not  a  necessary  condition, 
although  certainly  a  very  general  characteristic  of  the  position  of  active 
volcanoes.  The  extraordinary  eruption  of  this  mountain,  in  1759,  will 
be  described  m  the  sequeL  If  the  line  which  connects  these  five  vents 
be  prolonged  m  a  westerly  direction,  it  cuts  the  volcanic  group  of  islands 
called  the  Isles  of  Bevillagigedo. 


*  Bull,  dd  la  Soc.  04ol  de  France,  torn,  vl  p^  68. 
t  Csldoleiigh,  FhiL  Trsofl.  189«,  p.  27. 
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To  the  north  of  Mexico  there  are  said  to  be  three,  or  according  to 
some,  five  volcanoes  in  the  peninsula  of  California;  and  a  volcano  is 
reported  to  have  been  in  eruption  in  the  N.  W.  coast  of  America,  near 
the  Colombia  river,  lat.  45*  37'  N. 

Wesi  Indies. — ^To  return  to  the  Andes  of  Quito :  Yon  Buch  inclines 
to  the  belief  that  if  we  were  better  acquunted  with  the  r^on  to  the 
east  of  the  Madalena,  and  with  New  Granada  and  the  Caraccas,  we 
might  find  the  volcanic  chain  of  the  Andes  to  be  connected  with  that 
of  the  West  Indian  or  Carribee  Islands.  The  truth  of  this  conjecture 
has  almost  been  set  at  rest  by  the  eruption,  in  1848.  of  the  volcano  ai 
Zamba,  in  Kew  Grenada,  at  the  mouth  of  the  river  Madalena.* 

Of  the  West  Indian  islands  there  are  two  parallel  series :  the  one  to 
the  west,  which  are  all  volcanic,  and  which  rise  to  the  height  of  several 
thousand  feet ;  the  others  to  the  east,  for  the  most  part  composed  of 
calcareous  rocks,  and  very  low.  In  the  former  or  volcanic  series,  are 
Granada,  St  Ymcent,  St.  Lucia,  Martinique,  Dominica,  Guadaloupe, 
Montserrat,  Nevu,  and  St.  Eustace.  In  the  calcareous  cham  are  Toba- 
go, Barbadoes,  Mariegalhinte,  Grandeterre,  Desirade,  Antigua,  Barbuda, 
St  Bartholomew,  and  St  Martin.  The  most  considerable  eruptions  ia 
modem  times  have  been  those  of  St  Vincent  Great  earthquakes  haive 
agitated  St  Domingo,  as  will  be  seen  in  the  twenty-nmth  chapter. 

I  have  before  mentioned  (p.  270)  the  violent  earthquake  which  in 
1812  convulsed  the  valley  of  the  Mississippi  at  New  Madrid,  for  the 
space  of  800  miles  in  length,  of  which  more  will  be  said  in  the  twenty- 
seventh  chapter.  This  happened  exactly  at*the  same  time  as  the  great 
earthquake  of  Caraccas,  so  that  it  is  possible  that  these  two  points  are 
parts  of  one  subterranean  volcanic  r^on.  The  island  of  Jamaica,  with 
a  tract  of  the  contiguous  sea,  has  often  experienced  tremendous  shocks ; 
and  these  are  frequent  along  a  line  extending  from  Jamaica  to  St  Do- 
mingo and  Porto  Rico. 

Thus  it  will  be  seen  that^  without  taking  account  of  the  West  Indian 
and  Mexican  branches,  a  linear  train  of  volcanoes  and  tracts  shaken  by 
earthquakes  may  be  traced  from  the  island  of  Chiloe  and  opposite  coast 
to  Mexico,  or  even  perhaps  to  the  mouth  of  the  Colombia  river--«  dis- 
tance upon  the  whole  as  great  as  from  the  pole  to  the  equator.  In  re- 
gard to  the  western  limits  of  the  region,  they  lie  deep  beneath  the 
waves  of  the  Pacific,  and  must  continue  unknown  to  us.  On  the  east 
they  are  not  prolonged,  except  where  they  include  the  West  Indian 
Ishinds,  to  a  great  distance ;  for  there  seem  to  be  no  mdications  of  vol- 
canic disturbances  in  Buenos  Ayres,  Braal,  and  the  United  States  of 
North  America. 

Volcanic  region  from  the  Aleutian  Isles  to  the  Moluccas  and  Ides  Of 
Sunda. — On  a  scale  which  equals  or  surpasses  that  of  the  Andes,  is 
another  line  of  volcanic  action,  which  commences,  on  the  north,  with 
the  Aleutian  Isles  m  Russian  America,  and  extends,  first  in  a  westeriy 

•  Ocmptef  Rendoa,  1849,  vol  zzix.  p.  ftSL 
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direction  for  nearly  200  geographical  miles,  and  then  soatinnmrdsy  witii 
few  interruptions^  throughout  a  space  of  between  sixty  and  seventy  de- 
grees of  latitude  to  the  Moluccas^  where  it  sends  off  a  branch  to  the 
southeast  while  the  principal  train  continues  westerly  through  Sum- 
bawa  and  Java  to  Sumatra,  and  then  in  a  northwesterly  direction  to  the 
Bay  of  Bengal.*  This  volcanic  line,  observes  Yon  Buch,  may  be  said 
to  follow  throughout  its  course  the  external  border  of  the  continent  of 
Asia ;  while  the  branch  which  has  been  alluded  to  as  striking  southeast 
from  the  Moluccas,  passes  from  New  Guinea  to  New  Zealand,  conform- 
ing, though  somewhat  rudely,  to  the  outline  of  Australia.! 

The  connection,  however,  of  the  New  Guinea  volcanoes  with  the  lino 
in  Java  (as  laid  down  in  Yon  Buch's  map)  is  not  clearly  made  out.  By 
consulting  Darwin's  map  of  coral  reefs  and  active  volcanoes,^  the  reader 
will  see  that  we  might  almost  with  equal  propriety  include  the  Mariana 
and  Bonm  volcanoes  in  a  band  with  New  Guinea.  Or  if  we  allow  so 
much  latitude  in  framing  zones  of  volcanic  action,  we  must  also  suppose 
the  New  Hebrides,  Solomon  Isles,  and  New  Ireland  to  constitute  one 
line  (see  map,  fig.  89,  p.  351). 

The  northern  extremity  of  the  volcanic  region  of  A^a,  as  described 
by  Yon  Buch,  is  on  the  borders  of  Cook's  Inlet,  northeast  of  the  Penin- 
sula of  Alaska,  where  one  volcano,  in  about  the  sixtieth  degree  of  lati- 
tude, is  said  to  be  14,000  feet  high.  In  Alaska  itself  are  cones  of  vast 
height,  which  have  been  seen  in  eruption,  and  which  are  covered  for 
two-thu-ds  of  their  height  downwards  with  perpetual  snow.  The  sum- 
mit of  the  loftiest  peak  is  truncated,  and  is  said  to  have  fallen  in  during 
an  eruption  in  1786.  From  Alaska  the  line  is  continued  through  the 
Aleutian  or  Fox  Islands  to  Eamtschatka.  In  the  Aleutian  Archipelago 
eruptions  are  frequent,  and  about  thirty  miles  to  the  north  of  Unalaska, 
near  the  Isle  of  Umnack,  a  new  island  was  formed  in  1706.  It  was 
first  observed  after  a  storm,  at  a  point  in  the  sea  from  which  a  coluam 
of  smoke  had  been  seen  to  rise.  Flames  then  issued  from  the  new  islet 
which  illuminated  the  country  for  ten  miles  rotmd ;  a  frightful  earth- 
quake shook  the  new-formed  cone,  and  showers  of  stones  were  thrown 
aa  far  as  Umnack.  The  eruption  continued  for  several  months,  and 
eight  years  afterwards,  in  1804,  when  it  was  explored  by  some  hunters^ 
the  soil  was  so  hot  in  some  places  that  they  could  not  walk  on  it  Ac- 
cording to  Langsdorf  and  others,  this  new  island,  which  is  now  several 
thousand  feet  high,  and  two  or  three  miles  in  circumference,  has  been 
continually  found  to  have  increased  in  size  when  successively  viuted  by 
different  travellers ;  but  we  have  no  accurate  means  of  determining  how 
much  of  its  growth,  if  any,  has  been  due  to  upheaval,  or  how  far  it  has 
been  exclusively  formed  by  the  ejection  of  asdies  and  streams  of  lava. 
It  seems,  however,  to  be  well  attested  that  earthquakes  of  the  moat 

*  Sea  map  of  volcanic  lines  in  Yon  Bncfa'fl  work  on  the  Oanariea. 

{Yon  Buch,  ibid,  p^  409. 
Darwin,  Structure  and  Distrih  of  Ooral  reefs,  Ac^  LondoD,  1842.    In  the 
•ubjoined  map,  fig.  89, 1  hav0  copied  with  permlaaion  a  small  part  of  the  valuaU* 
map  aocompauyiDg  this  work. 
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torific  descriptioii  agitate  and  alter  the  bed  of  the  sea  and  Burface  of 
the  land  throughout  this  tract 

The  line  is  continued  in  the  southern  extremity  of  the  Peninsula  of 
EamtBchaika»  where  there  are  many  active  volcanoes,  which,  in  some 
eruptions,  hare  scattered  ashes  to  immense  distances.  The  largest  and 
most  acdre  of  these  is  Klutschew,  lat.  56^  3'  K,  which  rises  at  once 
from  the  sea  to  the  prodigious  height  of  15,000  feet.  Within  700  feet 
of  the  summit,  Erman  saw,  in  1820,  a  current  of  lava,  emitting  a  vivid 
light,  flow  down  the  northwest  side  to  the  foot  of  the  cone.  A  flow  of 
lava  from  the  summit  of  Mont  Blanc  to  its  base  in  the  valley  of  Cha- 
mouni  would  afibrd  but  an  inadequate  idea  of  the  declivity  down  which 
ibis  current  descended.  Large  quantities  of  ice  and  snow  opposed  for 
a  time  a  barrier  to  the  lava,  until  at  length  the  fiery  torrent  overcame, 
by  its  heat  and  pressure,  this  obstacle,  and  poured  down  the  mountain 
side  with  a  frightful  noise,  which  was  heard  for  a  distance  of  more  than 
fifty  miles.* 

The  Kurile  chain  of  islands  constitutes  the  prolongation  cf  the  Eamt- 
schatka  range,  where  a  train  of  volcanic  mountains,  nine  of  which  are 
known  to  have  been  in  eruption,  trends  in  a  southerly  direction.  The 
line  is  then  continued  to  the  southwest  in  the  great  island  of  Jesso,  and 
again  in  Nipon,  the  principal  of  the  Japanese  group.  It  then  extends 
by  Loo  Choo  and  Formosa  to  the  Philippine  Islands,  and  thence  by 
Saogir  and  the  northeastern  extremity  of  Celebes  to  the  Moluccas,  (see 
map,  fig.  39).  Afterwards  it  passes  westward  through  Sumbawa  to 
Java. 

There  are  said  to  be  thirty-eight  considerable  volcanoes  m  Java,  some 
of  which  are  more  than  10,000  feet  high.  They  are  remarkable  for  the 
quantity  of  sulphur  and  sulphureous  vapors  which  they  discharge. 
They  rarely  emit  lava,  but  rivers  of  mud  issue  from  them,  like  the  moya 
of  Uie  Andes  of  Quito.  The  memorable  eruption  of  Galongoon,  in 
1822,  will  be  described  in  the  twenty-fifth  chapter.  The  crater  of 
Taschem,  at  the  eastern  extremity  of  Java,  contains  a  lake  strongly 
impregnated  with  sulphuric  acid,  a  quarter  of  a  mile  long,  from  which 
a  river  of  acid  water  issues,  which  supports  no  living  creature,  nor  can 
fish  live  in  the  sea  near  its  confluence.  There  is  an  extinct  crater  near 
Batur,  called  Guevo  Upas,  or  the  Valley  of  Poison,  about  half  a  mile  in 
circumference,  which  is  justly  an  object  of  terror  to  the  inhabitants  of 
the  country.  Every  living  bemg  which  penetrate9  into  this  valley  falls 
down  dead,  and  the  soil  is  covered  with  the  carcasses  of  tigers,  deer, 
birds,  and  even  the  bones  of  men ;  all  killed  by  the  abundant  emanations 
of  carbonic  acid  gas,  by  which  the  bottom  of  the  valley  is  filled. 

In  another  crater  in  this  land  of  wonders,  near  the  volcano  of  Talaga 
Bodas,  we  learn  from  M.  Beinwardt,  that  the  sulphureous  exhalations 
have  killed  tigers,  birds^  and  innumerable  insects ;  and  the  soft  parts 
of  these  animals,  such  as  as  the  fibres,  muscles,  nails,  hair,  and  skin,  are 

•  Yon  Bach,  Deacrip.  des  Ilea  Canar.  p  450,  who  cites  Erman  and  othera. 
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Yerj  well  preserved,  while  the  bones  are  corroded,  and  entirely  de- 
stroyed. 

We  learn  from  observations  made  m  1844,  bj  Mr.  Jukes,  that  m 
recent  tertiary  formation  composed  of  limestone  and  resembling  the 
coral  rock  of  a  fringing  reef,  clings  to  the  flanks  of  all  the  volcanic 
islands  from  the  east  end  of  Timor  to  the  west  end  of  Java.  These 
modem  calcareous  strata  are  often  white  and  chalk-like,  sometimes  1000 
feet  and  upwards  above  the  sea,  regularly  stratified  in  thick  horizontal 
beds,  and  they  show  that  there  has  been  a  general  elevation  of  these 
islands  at  a  comparatively  modem  period.* 

The  same  linear  arrangement  which  is  observed  in  Java  holds  good 
in  the  volcanoes  of  Sumatra,  some  of  which  are  of  great  height,  as  Berapi, 
which  is  more  than  12,000  feet  above  the  sea,  and  is  continually  smok- 
ing. Hot  springs  are  abundant  at  its  base.  The  volcanic  line  then  in- 
clines slightly  to  the  northwest,  and  points  to  Barren  Island,  hit  12^ 
15^  N.,  in  the  Bay  of  Bengal.  This  volcano  was  m  eraption  in  1792, 
and  will  be  described  in  the  twenty-sixth  chapter.  The  volcanic  train 
then  extends,  according  to  Dr.  Macclelland,  to  the  island  of  Narcon- 
dam,  lat.  13°  22'  N.,  which  is  a  cone  seven  or  eight  hundred  feet  high, 
rising  from  deep  water,  and  said  to  present  signs  of  lava  currents  de- 
scending from  the  crater  to  the  base.  Afterwards  the  train  stretches 
in  the  same  direction  to  the  volcanic  island  of  Ramree,  about  lat.  19^  N., 
and  the  adjoining  island  of  Cheduba,  which  is  represented  in  old  charts 
as  a  burning  mountain.  Thus  we  arrive  at  the  Chittagong  coast,  which 
in  1762  was  convulsed  by  a  tremendous  earthquake  (see  chap.  29).f 

To  enumerate  all  the  volcanic  regions  of  the  Indian  and  Pacific  oceans 
would  lead  me  far  beyond  the  proper  limits  of  this  treatise  ;  but  it  will 
appear  in  the  last  chapter  of  this  volume,  when  coral  reefs  are  treated 
of,  that  the  islands  of  the  Pacific  consist  alternately  of  linear  groups  of 
two  classes,  the  one  lofty,  and  containing  active  volcanoes,  and  marine 
strata  above  the  sea-level,  and  which  have  been  undergoing  upheaval  in 
modem  times ;  the  other  very  low,  consisting  of  reefs  of  coral,  usually 
with  lagoons  in  their  centres,  and  in  which  there  is  evidence  of  a  grad- 
ual subsidence  of  the  ground.  The  extent  and  direction  of  these  par- 
allel volcanic  bands  have  been  depicted  with  great  care  by  Darwin  in  lus 
map  before  cited  (p.  851). 

The  most  remarkable  theatre  of  volcanic  activity  in  the  Northern 
Pacific— -or,  perhaps,  in  the  whole  world^KXscurs  in  the  Sandwich 
Islands,  which  have  been  admirably  treated  of  in  a  recent  woik  by  Mr. 
Dana.^ 

Volcanic  region  /ram  central  Asia  to  the  Azores, — Another  great 
region  ot  bubterranean  disturbance  is  that  which  has  been  imagined  to 
extend  through  a  large  part  of  Central  Asia  to  the  Asores,  thai  is  to 

*  Paper  read  at  meeting  of  Brit  Assoc.  Southampton,  Sept.  1846. 

{Macclelland,  Report  on  Goal  and  Min.  Resources  of  India.  Calcatta,  ISSR. 
OeologY  of  the  American  Ezplorinff  Expedition.    See  abo  Lyell's  Manual 
'Bwidwieh  I.  Volcanoes"— Index. 


Gb.  XXU]  Of  YOLOAinO  BEOIONB.  855 

say,  from  China  and  Tartary  through  Lake  Aral  and  the  Caspian  to  the 
Caucasus,  and  the  countries  bordering  the  Black  Sea,  then  again  through 
part  of  Asia  Minor  to  Syria,  and  westward  to  the  Grecian  Islands, 
Greece,  Naples,  Sicily,  the  southern  part  of  Spain,  Portugal  and  th^ 
Axores.  Eespecting  the  eastern  extremity  of  this  Hne  in  China,  we 
have  little  information,  but  many  violent  earthquakes  are  known  to 
have  occurred  there.  The  volcano  said  to  have  been  in  eruption  in  the 
seventh  century  in  Central  Tartary  is  situated  on  the  northern  declivity 
of  the  Celestial  Mountains,  not  far  distant  from  the  large  lake  called 
Issikoul ;  and  Humboldt  mentions  other  vents  and  solfataras  in  the 
same  quarter,  which  are  all  worthy  of  noUce,  as  being  far  more  distant 
from  the  ocean  (260  geographical  miles)  than  any  other  known  points 
oi  eruption. 

We  find  on  the  western  shores  of  the  Caspian,  in  the  country  round 
Baku,  a  tract  called  the  Field  of  Fire,  which  continually  emits  inflam- 
mable gas, 'while  springs  of  naphtha  and  petroleum  occur  in  the  same 
vicinity,  as  also  mud  volcanoes.  Syria  and  Palestine  aLound  in  volcanic 
appearances,  and  very  extensive  areas  have  been  shaken,  at  different 
periods,  with  great  destruction  of  cities  and  loss  of  lives.  Continual 
mention  is  made  in  history  of  the  ravages  committed  by  earthquakes  in 
Sidon,  Tyre,  Berytus,  Laodicea,  and  Antioch,  and  in  the  Island  of 
Cyprus.  The  country  around  the  Dead  Sea  appears  evidently,  from 
the  accounts  of  modem  travellers,  to  be  volcanic.  A  district  near 
Smyrna,  m  Asia  Minor,'  was  termed  by  the  Greeks  Catacecaumene,  or 
"the  burnt  up,"  where  there  is  a  large  arid  territory,  without  trees, 
ancl  with  a  cindery  soil.*  This  country  was  visited  in  1841  by  Mr.  W. 
J.  Hamilton,  who  found  in  the  valley  of  the  Hermus  perfect  cones  of 
seorise,  with  lava-streams,  like  those  of  Auvergne,  conforming  to  the 
existing  river-channels,  and  with  their  surface  undecompo8ed.f 

Grecian  Archipelago, — Proceeding  westwards,  we  reach  the  Grecian 
Archipelago,  where  Santorin,  afterwards  to  be  described,  is  the  grand 
centre  of  volcanic  action. 

It  was  Von  Bucb's  opinion  that  the  volcanoes  of  Greece  were  arranged 
in  a  line  running  N.  N.  W.  and  S.  S.  £.,  and  that  they  afforded  the 
only  example  in  Europe  of  active  volcanoes  havmg  a  linear  direction ; 
but  M.  Virlet,  on  the  contrary,  announces  as  the  result  of  his  investiga- 
tions, made  during  the  French  expedition  to  the  Morea  in  1829,  that 
there  is  no  one  detemunate  line  of  direction  for  the  volcanic  phenomena 
in  Greece,  whether  we  follow  the  points  of  eruptions,  or  the  earthquakes* 
or  any  other  signs  of  igneous  agency.| 

Macedonia,  Thrace,  and  Epirus,  have  always  been  subject  to  earth- 
quakes, and  Uie  Ionian  Isles  are  continually  convulsed. 

Respecting  Southern  Italy,  Sicily,  <and  the  Lipari  Isles,  it  is  unneces- 
sary to  enlarge  here,  as  I  shall  have  occasion  again  to  allude  to  thenu 

•  Stnbo,  ed  Fal.,  p.  900. 

tBeaearchM  in  Asia  Minor,  vol  11  ik  89. 
Yirlet,  Balletin  de  la  Soc  0€oL  de  France,  torn .  fil  pt  109. 
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I  may  mention,  however,  that  a  band  of  yolcanic  action  has  been  traced 
by  Dr.  Daubeny  across  the  Italian  Peninsula,  from  Ischia  to  Mount 
Vultur,  in  Apulia,  the  commencement  of  the  line  being  found  in  ibe 
hot  springs  of  Ischia,  after  which  it  is  prolonged  through  Vesuvius  tc 
the  Lago  d'Ansanto,  where  gaaes  similar  to  those  of  Vesuvius  arc 
evolved.  Its  farther  fitenuon  strikes  Mount  Vultur,  a  lofty  cone  com- 
posed of  tuff  and  lava,  from  one  side  of  which  carbonic  acid  and  sul- 
phuretted hydr^en  are  emitted.* 

TradiUoM  of  deludes, — ^The  traditions  which  have  come  down  to  us 
from  remote  ages  of  great  inundations  said  to  have  happened  in  Greece 
and  on  the  confines  of  the  Grecian  settlements,  had  doubtless  their  ori- 
gin in  a  series  of  local  catastrophes,  caused  piincipaily  by  earthquakes. 
The  frequent  migrations  of  the  earlier  inhabitants,  and  the  total  want  ot 
written  annals  long  after  the  first  settlement  of  each  country,  make  it 
imposuble  for  us  at  this  distance  of  time  to  fix  eith^  the  true  localities 
or  probaUe  dates  of  these  events.  The  first  philosophical  writers  ot 
Greece  were,  therefore,  as  much  at  a  loss  as  ourselves  to  offer  a  reasmi- 
able  conjecture  on  these  points,  or  to  decide  how  many  catastn^hes 
might  sometimes  have  become  confounded  in  one  tale,  or  how  much  this 
tale  may  have  been  amplified,  in  after  times,  or  obscured  by  mytholo- 
^cal  fiction.  The  floods  of  Ogyges  and  Deucalion  are  COTimonly  said 
to  have  happened  before  the  lS*ojan  war ;  that  of  Ogyges  more  than 
seventeen,  and  that  of  Deucalion  more  than  fifteen  centuries  before  our 
era.  As  to  the  Ogygian  flood,  it  is  generally  described  as  havii^  laid 
waste  Attica,  and  was  referred  by  some  writers  to  a  great  overflowing 
of  rivers,  to  which  cause  Aristotle  also  attributed  the  deluge  of  Deuca- 
lion, wliich,  he  says,  affected  Hellas  only,  or  the  central  part  of  Thessaly. 
Others  imagined  the  same  event  to  have  b^en  due  to  an  earthquake, 
which  drew  down  masses  of  rock,  and  stopped  up  the  course  of  the 
Peneus  in  the  narrow  defile  between  mounts  Ossa  and  Olympus. 

As  to  the  deluge  of  Samothrace,  which  is  generally  refeired  to  a  dis- 
tinct date,  it  appears  that  the  shores  of  that  small  island  and  the  ad- 
joming  mainland  of  Asia  were  inundated  by  the  sea.  Diodorus  Sicidus 
says  that  the  inhabitants  had  time  to  take  refuge  in  the  mountuns,  and 
save  themselves  by  flight ;  he  also  relates,  that  long  after  the  event  the 
fishermen  of  the  ishmd  drew  up  in  their  nets  the  capitals  of  columns, 
which  were  the  remains  of  cities  submerged  by  that  terrible  catastro* 
phe."f  These  statements  scarcely  leave  any  doubt  that  there  occurred, 
at  the  period  alluded  to,  a  subsidence  of  the  coast,  accompanied  by 
earthquakes  and  inroads  of  the  sea.  It  is  not  impossible  that  the  stoiy 
of  the  bursting  of  the  Black  Sea  through  the  Thracian  Bosphorus  into 
the  Grecian  Archipelago,  which  accompanied,  and,  as  some  say,  caused 
the  Samothracian  deluge,  may  have  reference  to  a  wave,  or  succesmon 
of  waves,  raised  in  the  £uxine  by  the  same  convulsion. 

*  Danbeny  on  Mount  Vultnr,  Aahmoleiin  Memoira.    Oxford,  1886. 
f  Book  ▼.  ch.  zlvi— See  letter  of  ^  Yirlet,  Bolletin  de  la  Soc  O^oL  de  France 
torn,  il  p.  84L 
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We  know  that  BabterraneaQ  moTemetits  and  yoleanio  eniptioiis  are 
often  attended  not  only  by  incursbns  of  the  sea,  but  also  by  violent 
rains,  and  the  complete  derangement  of  the  river  drainage  of  the  inland 
country,  and  by  the  damming  up  of  the  outlets  of  lakes  by  landslips,  or 
obstructions  in  the  courses  of  subterranean  rivers,  such  as  abound  in 
Thessaly  and  the  Morea.  We  need  not  therefore  be  surprised  at  the 
variety  of  causes  assigned  for  the  traditional  floods  of  Oreece,  by  Herod- 
otus, Aristotle,  DiodoruB,  Strabo,  and  others.  As  to  the  area  em- 
braced, had  all  the  Grecian  deluges  occurred  simultaneously,  instead  of 
being  spread  over  many  centuries,  and  had  they,  instead  of  being  ex- 
tremely local,  reached  at  once  from  the  Euxine  to  the  southwestern 
limit  ik  the  Peloponnese,  and  from  Macedonia  to  Rhodes,  the  devasta- 
tion would  still  have  been  more  limited  than  that  which  visited  Chili  in 
1885,  when  a  volcanic  eruption  broke  out  in  the  Andes,  opposite  Ohiloe, 
and  another  at  Juan  Fernandez,  distant  720  geographical  miles,  at  the 
same  time  that  several  lofty  cones,  in  the  Cordillera,  400  miles  to  the 
eastward  of  that  island,  threw  out  vapor  and  ignited  matter.  Through- 
out a  great  part  of  the  space  thus  recently  shaken  m  South  America, 
cities  were  laid  in  ruins,  or  the  land  was  permanently  upheaved,  or 
mountainous  waves  rolled  inland  from  the  PaciBc. 

Periodical  alternation  of  EarthquaJeee  in  Syria  and  Southern  Italy, — 
It  has  been  remarked  by  Von  Hoff,  that  from  the  commencement  of  the 
thirteenth  to  the  latter  half  of  the  seventeenth  century,  there  was  an 
almost  entire  cessation  of  earthquakes  in  Syria  and  Judea ;  and,  during 
this  interval  of  quiescence,  the  Archipelago,  together  with  part  of  the 
adjacent  coast  of  Lesser  Asia,  as  also  Southern  Italy  and  Sicily,  suffered 
greatly  from  earthquakes ;  while  volcanic  eruptions  were  unusually  fre- 
quent in  the  same  regions.  A  more  extended  comparison,  also,  of  the 
history  of  the  subterranean  convulsions  of  these  tracts  seems  to  confirm 
the  opinion,  that  a  violent  crisis  of  commotion  never  visits  both  at  the 
same  time.  It  is  impossible  for  us  to  declare,  as  yet,  whether  this  phe- 
nomenon is  constant  in  this  and  other  regions,  because  we  can  rarely 
trace  back  a  connected  series  of  events  farther  than  a  few  centuries ;  but 
it  is  well  known  that,  where  numerous  vents  are  clustered  together 
within  a  small  .area,  as  in  many  archipelagoes  for  instance,  two  of  them 
are  never  in  violent  eruption  at  once.  If  the  action  of  one  becomes  very 
great  for  a  century  or  more,  the  others  assume  the  appearance  of  spent 
volcanoes.  It  is,  therefore,  not  improbable  that  separate  provinces  of 
the  same  great  range  of  volcanic  fires  may  hold  a  relation  to  one  deep- 
seated  focus,  analogous  to  that  which  the  apertures  of  a  small  group 
bear  to  some  more  superficial  rent  or  cavity.  Thus,  for  example,  we 
may  conjecture  that,  at  a  comparatively  small  distance  from  the  surface, 
Ischia  and  Vesuvius  mutually  communicate  with  certain  fissures,  and 
that  each  affords  relief  alternately  to  elastic  fluids  and  lava  there  gene- 
rated.  So  we  may  suppose  Southern  Italy  and  Syria  to  be  connected, 
at  a  much  greater  depth,  with  a  lower  part  of  the  very  same  system  of 
fissures ;  in  which  case  any  obstruction  occurring  in  one  duct  may  Imve 
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the  efifect  of  causing  almost  all  the  vapor  and  melted  matter  to  be  forced 
up  the  other,  and  if  they  cannot  get  vent,  they  may  be  the  canse  of 
violent  earthquakes.  Some  objections  advanced  against  this  doctrine 
that  "  volcanoes  act  as  safety-valves/'  vill  be  considered  in  the  sequel.* 

The  northeastern  portion  of  Africa,  including  Egypt,  which  lies  six 
or  seven  degrees  south  of  the  volcanic  line  already  traced,  has  been  al* 
most  always  exempt  from  earthquakes ;  but  the  northwestern  portion, 
especially  Fez  and  Morocco,  which  fall  within  the  line,  suffer  greatly 
from  time  to  time.  The  southern  part  of  Spain  also,  and  Portugal, 
have  generally  been  exposed  to  the  same  scourge  simultaneously  with 
Northern  Africa.  The  provinces  of  Malaga,  Murcia,  and  Granada,  and 
in  Portugal  the  country  round  Lisbon,  are  recorded  at  several  periods 
to  have  been  devastated  by  great  earthquakes.  It  will  \e  seen,  from 
Micheirs  account  of  the  great  Lisbon  shock,  in  1  ^55,  that  the  first 
movement  proceeded  from  the  bed  of  the  ocean  ten  or  fifteen  leagues 
from  the  coast.  So  late  as  February  2,  1816,  when  Lisbon  was  vehe- 
mently shaken,  two  ships  felt  a  shock  in  the  ocean  west  from  Lisbon ; 
one  of  them  at  the  distance  of  120,  and  the  other  262  French  leagues 
from  the  coastf — a  fact  which  is  more  interesting,  because  a  line  drawn 
through  the  Grecian  Archipelago,  the  volcanic  region  of  Southern  Italy, 
Sicily,  Southern  Spain,  and  Portugal,  will,  if  prolonged  westward 
through  the  ocean,  strike  the  volcanic  group  of  the  Azores,  which  may 
possibly  therefore  have  a  submarine  connection  with  the  European  Hne. 

In  regard  to  the  volcanic  system  of  Southern  Europe,  it  may  be  ob- 
served, that  there  is  a  central  tract  where  the  greatest  earthquakes 
prevfdl,  in  which  rocks  are  shattered,  mountains  rent,  the  surface  eleva- 
vated  or  depressed,  and  cides  laid  in  ruins.  On  each  side  of  thSs  line  of 
greatest  commotion  there  are  parallel  bands  of  country  where  the 
shocks  are  less  violent.  At  a  still  greater  distance  (as  in  Northern 
Italy,  for  example,  extending  to  the  foot  of  the  Alps),  there  are  spaces 
where  the  shocks  are  much  rarer  and  more  feeble,  yet  possibly  of  suffi 
cient  force  to  cause,  by  continued  repetition,  some  appreciable  alteration 
in  the  external  form  of  the  earth's  crust.  Beyond  these  limits,  again, 
all  countries  are  liable  to  slight  tremors,  at  distant  intervals  of  time, 
when  some  great  crisis  of  subterranean  movement  agitates  an  adjoining 
volcanic  region ;  but  these  may  be  considered  as  mere  vibrations,  propa- 
gated mechanically  through  the  external  covering  of  the  globe,  as  sounds 
travel  almost  to  indefinite  distances  through  the  air.  Shocks  of  this 
kmd  have  been  felt  in  England,  Scotland,  Northern  France,  and  Ger- 
many— particularly  during  the  Lisbon  earthquake.  But  these  countri«s 
cannot,  on  this  account,  be  supposed  to  constitute  parts  of  the  southern 
volcanic  region,  any  more  than  the  Shetland  and  Orkney  islands  can  be 
considered  as  belonging  to  the  Icelandic  circle,  because  the  sands  ejected 
from  Hecla  have  been  wafted  thither  by  the  winds. 


♦  See  ch.  82,  Caute  of  Voleanie  EruptioM. 
t  Veroeur,  Journal  des  Voyages,  torn.  iv.  j 


pi  111.    Yon  Hoff,  vol  il  p.  2*75. 
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Besides  the  contmuous  spaces  of  subterranean  disturbanoe,  of  which 
we  have  merely  sketched  the  outline,  there  are  other  disconnected  vol- 
eanie  groups,  of  which  several  will  be  mentioned  hereafter. 

Iaim9  of  active  and  extinct  Volcanoes  not  to  be  cof^ounded. — ^We  must 
always  be  careful  to  distinguish  between  lines  of  extinct  and  active  vol* 
canoes,  even  where  they  appear  to  run  in  the  same  direction ;  for  ancient 
and  modem  systems  may  mterfere  with  each  other.  Already,  indeed, 
we  have  proof  that  this  is  the  case ;  so  that  it  is  not  by  geographical 
position,  but  by  reference  to  the  species  of  organic  beings  alone,  whether 
aquatic  or  terrestrial,  whose  remains  occur  m  beds  interstratified  with 
lavas,  that  we  can  clearly  distinguish  the  relative  age  of  volcanoes  of 
which  no  eruptions  are  recorded.  Had  Southern  Italy  been  known  to 
civilized  nations  for  as  short  a  period  as  America,  we  should  have  had 
no  record  of  eruptions  in  Ischia ;  yet  we  might  have  assured  ourselves 
that  the  lavas  of  that  isle  had  flowed  since  the  Mediterranean  was  in- 
habited by  the  species  of  testacea  now  living  in  the  Neapolitan  seas. 
With  this  assurance,  it  would  not  have  been  rash  to  include  the  numer- 
ous vents  of  that  island  in  the  modem  volcanic  group  of  Campania. 

On  similar  grounds  we  may  infer,  without  much  hesitation,  that  the 
eraptions  of  Etna,  and  the  modem  earthquakes  of  Calabria,  are  a  con- 
tamiation  of  that  action  which,  at  a  somewhat  earlier  period,  produced 
the  Bubmapne  lavas  of  the  Yal  di  Noto  in  Sicily.  But  on  the  other 
hand,  the  lavas  of  the  Euganean  hills  and  the  Vicentin,  although  not 
wholly  beyond  the  range  of  earthquakes  m  Northern  Italy,  must  not 
be  confounded  with  any  ezisUng  volcanic  system ;  for  when  tbey  flowed, 
the  seas  were  mhabited  by  animals  almost  all  of  them  distinct  from 
those  now  known  to  live,  whether  in  the  Mediterranean  or  other  parts  of 
the  glob^. 


CHAPTER  XXni. 

VOLOANIO   DI8TRI0T  OF  HAPLBS. 

Hutorj  of  the  Tolcanio  ernptioiis  in  the  district  round  KapIeS'— Earlj  ooDTulfliooi 
in  the  ialand  of  Isehii^^Numerous  conei  thrown  up  there — Lake  ATemot— 
The  Solfifitara — Renewal  of  the  emptiooB  of  VesuTius,  a.  d.  '79---Flin7'i  deserip- 
tion  of  the  phenomenar— His  silence  respecting  the  deetroction  of  HercDlaneima 
and  Pompeii — Subsequent  history  of  Vesuyius— Lava  diadiaiged  in  Ist^ia  in 
1802 — Pause  in  the  eruptions  of  Vesuyius — ^Monte  Nuoyo  thrown  up — ^Uni- 
formitj  of  the  ydcanic  operations  of  Vesuyius  and  Phlegroan  Fields  in  ancient 
and  modem  times. 

I  SHALL  next  give  a  sketch  of  the  histoiy  of  some  of  the  volcanic  veDte 
dispersed  throughout  the  great  regions  before  described,  tod  consider 
the  composition  and  arrangement  of  their  lavas  and  ejected  matter. 
The  only  volcanic  region  known  to  the  ancients  was  that  of  the  Medi- 
terranean ;  and  even  of  tliis  they  have  transmitted  to  us  rery  imperfect 
records  relating  to  the  eruptions  of  the  three  principal  districts,  namely, 
that  round  Naples,  that  of  Sicily  and  its  isles,  and  that  of  the  Qrecian 
Archipelago.  By  far  the  most  connected  series  of  records  throughout  a 
long  period  relates  to  the  first  of  these  provinces ;  and  these  cannot  be 
too  attentively  considered,  as  much  historical  information  is  indispensa- 
ble in  order  to  enable  us  to  obtain  a  clear  view  of  the  connection  and 
alternate  mode  of  action  of  the  different  vents  in  a  single  volcanic  group. 

Early  convulsions  in  ths  Island  of  Ischia. — ^The  Neapolitan  volcanoes 
extend  from  Vesuvius,  through  the  Phlegrsean  Fields,  to  Procida  and 
Ischia,  in  a  somewhat  linear  arrangement,  ranging  from  the  northeast 
to  the  southwest,  as  will  be  seen  in  the  annexed  map  of  the  volcanic 
district  of  Naples  (fig.  40).  Within  the  space  above  limited,  the  vol- 
canic force  is  sometimes  developed  in  single  eruptions  from  a  consider- 
able number  of  irregularly  scattered  points ;  but  a  great  part  of  its 
action  has  been  confined  to  one  principal  and  habitual  vent,  Vesuvius  or 
Somma.  Before  the  Christian  era,  from  the  remotest  periods  of  which 
we  hdve  any  tradition,  this  principal  vent  was  in  a  state  of  inactivity. 
But  terrific  convulsions  then  took  place  from  time  to  time  in  Ischia 
(Pithecusa),  and  seem  to  have  extended  to  the  n^hboring  isle  of  Pro- 
cida (Prochyta) ;  for  Strabo*  mentions  a  story  of  Prodda  having  been 
torn  asunder  from  Ischia ;  and  Plinyf  derives  its  name  from  its  having 
been  poured  forth  by  an  eruption  from  Ischia. 

The  present  circumference  of  Ischia  along  the  water's  edge  is  dghteen 
miles,  its  length  from  west  to  east  about  five,  and  its  breadth  from  north 

*  lih  V.  t  ^At  Hist  Ub.  ill  c  6. 


CB.zxni] 


YOLCANIO  EBUFTIONS  OF  IBOHLi. 


861 


to  south  three  miles.  Several  Greek  colonies  which  settled  there  hefore 
the  Christian  era  were  compelled  to  ahandon  it  in  consequence  of  the 
violence  of  the  eruptions.  First  the  Eiythrseans,  and  afterwards  the 
Chalcidians,  are  menUoned  as  having  heen  driven  out  bj  earthquakes 
and  igneous  exhalations.    A  colony  was  afterwards  established  by  Hiero. 


Fig.  40. 


A.  AstronL  B.  Monte  Barbaro. 


M.  Monte  Nuoto. 


B.  The  SoUkten. 


king  of  Syracuse,  about  380  years  before  the  Christian  era ;  but  when 
they  had  built  a  fortress,  they  were  compelled  by  an  eruption  to  Hj, 
anS  never  again  returned.  Strabo  tells  us  that  Timsus  recorded  a  tra- 
dition, that,  a  little  before  his  time,  Epomens,  the  principal  mountain  in 
the  centre  of  the  island,  vomited  fire  during  great  earthquakes ;  that 
the  land  between  it  and  the  coast  had  ejected  much  fiery  matter,  which 
flowed  into  the  sea,  and  that  the  sea  receded  for  the  d^tance  of  three 
stadia,  and  then  returning,  overflowed  the  island.  This  eruption  is 
supposed  by  some  to  have  been  that  which  formed  the  crater  of  Monte 
Corvo  on  one  of  the  higher  flanks  of  Epomeo,  above  Foria,  the  lava- 
current  of  which  may  still  be  traced,  by  aid  of  the  scoris  on  its  surface^ 
from  the  crater  to  the  sea.  * 

To  one  of  the  subsequent  eruptions  in  the  lower  parts  of  the  isle, 
which  caused  the  expulsion  of  the  first  Greek  colony,  Monte  Rotaro 
has  been  attributed,  and  it  bears  every  mark  of  recent  origin.  The 
cone,  which  I  examined  in  1828,  is  remarkably  perfect,  and  has  a  cra- 
ter on  its  summit  precisely  resembling  that  of  Monte  Nuoto  near  Naples ; 
but  the  hill  is  larger,  and  resembles  some  of  the  more  considerable 
cones  of  smgle  eruption  near  Clermont  in  Auvergne,  and,  like  some  of 
them,  it  has  given  vent  to  a  lava-stream  at  its  base,  instead  of  its  sum- 
mit.    A  smaU  ravine  swept  out  by  a  torrent  exposes  the  structure  of 
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the  cone,  which  is  composed  of  innumerable  inclioed  and  slightly  imdu« 
lating  layers  of  pumice,  scoriae,  white  lapilli,  and  enormous  angular 
blocks  of  trachyte.  These  last  have  evidently  been  thrown  out  by  vio- 
lent explosions,  like  those  which  in  1822  launched  from  Vesuvius  a 
mass  of  augitic  lava,  of  many  tons'  weight,  to  the  distance  of  three 
miles,  which  fell  in  the  garden  of  Prince  Ottajano.  The  cone  of  Ro- 
taro  is  covered  with  the  arbutus,  and  other  beautiful  evergreens.  Such 
is  the  strength  of  the  virgin  soil,  that  the  shrubs  have  become  almost 
arborescent ;  and  the  growth  of  some  of  the  smaller  wild  plants  has 
been  so  vigorous,  that  botanists  have  scarcely  been  able  to  recognize 
the  species. 

The  eruption  which  dislodged  the  Syracusan  colony  is  supposed  to 
have  given  rise  to  that  mighty  current  which  forms  the  promontory  of 
Zaro  and  Caruso.  The  surface  of  these  lavas  is  still  very  arid  and 
bristling,  and  is  covered  with  black  scoriae ;  so  that  it  is  not  without 
great  labor  that  human  industry  has  redeemed  some  small  spots,  and 
converted  them  into  vineyards.  Upon  the  produce  of  these  vineyards 
the  population  of  the  island  is  almost  entirely  supported.  It  amounted 
when  I  was  there,  in  1828,  to  about  twenty-five  thousand,  and  was  on 
the  increase. 

From  the  date  of  the  great  eruption  last  alluded  to,  down  to  our  own 
time,  Ischia  has  enjoyed  tranquillity,  with  the  exception  of  one  emission 
of  lava  hereafter  to  be  described,  which,  although  it  occasioned  much 
local  damage,  does  not  appear  to  have  devastated  the  whole  country, 
in  the  manner  of  more  ancient  explosions.    There  are,  upon  the  whole* 

Fig.  41. 


Part  of  Ischia  Men  from  the  West 

a.  Monte  Epomeo  or  San  NIoeola.  &  Monte  Tko, 

c.  Another  of  the  minor  cooes  with  a  crater.* 

on  different  parts  of  Epomeo,  or  scattered  through  the  lower  tracts  of 
Ischia,  twelve  considerable  volcanic  cones  which  have  been  thrown  up 
since  the  island  was  rfdsed  above  the  surface  of  the  deep  ;  and  many 
streams  of  lava  may  have  flowed,  like  that  of  "  Arso"  in  1302,  without 
cones  having  been  produced ;  so  that  thb  island  may,  for  ages  before 
the  period  of  the  remotest  traditions,  have  served  as  a  safety-valve  to 
the  whole  Terra  di  Lavoro,  while  the  fires  of  Vesuvius  were  dormant. 

*  See  Poi:dett  Scrope,  Oeol.  Trana  2d  seriea,  vol.  ii.  pL  84 
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Lake  Avemua, — ^It  seems  also  clear  that  Avemus,  a  circular  lake 
near  Puzzuoli,  about  half  a  mile  in  diameter,  which  is  now  a  salabrioiia 
and  cheerful  spot,  once  exhaled  mephidc  vapors,  such  as  are  often  emit- 
ted by  craters  after  eruptions.  There  is  no  reason  for  discrediting  the 
account  of  Lucretius,  that  birds  could  not  fly  over  it  without  being 
stifled,  although  they  may  now  frequent  it  uninjured.*  There  must 
have  been  a  time  when  thk  crater  was  in  action ;  and  for  many  centu- 
ries afterwards  it  may  have  deserved  the  appellation  of  "  atri  jauna 
Ditis,"  emitting,  perhaps,  gases  as  destructive  of  animal  life  as  those  . 
suffocating  vapors  giren  out  by  Lake  Quilotoa,  in  Quito,  in  1797,  by 
which  whole  herds  of  cattle  on  its  shores  were  killed,f  or  as  those  dele- 
terious emanations  which  annihilated  all  the  cattle  in  the  island  of  Lan- 
cerote,  one  of  the  Canaries,  in  1730.|  Bory  St.  Vincent  mentions,  that 
in  the  same  isle  birds  fell  lifeless  to  the  ground ;  and  Sir  William  Ham- 
ilton informs  us  that  he  picked  up  dead  birds  on  Vesuvius  during  an 
eruption. 

Solfatara, — ^The  Solfatara,  near  Puzzuoli,  which  may  be  considered 
as  a  nearly  extinguished  crater,  appears,  by  the  accounts  of  Strabo  and 
others,  to  have  been  before  the  Christian  era  in  very  much  the  same 
state  as  at  present,  giving  vent  continually  to  aqueous  vapor,  together 
with  sulphureous  and  muriatic  acid  gases,  like  those  evolved  by  Vesu- 
vius. 

Ancient  history  of  Vesuvius. — Such,  then,  were  the  points  where  the 
subterranean  fires  obtained  vent,  from  the  earliest  period  to  which  tra- 
dition reaches  back,  down  to  the  first  century  of  the  Christian  era ;  but 
we  then  arrive  at  a  crisis  in  the  volcanic  action  of  this  district— one  of 
the  most  interesting  events  witnessed  by  man  during  the  brief  period 
throughout  which  he  has  observed  the  physical  changes  on  the  earth's 
anrface.  From  the  first  colonization  of  Southern  Italy  by  the  Greeks, 
Vesuvius  afforded  no  other  indications  of  its  volcanic  character  than 
such  as  the  naturalist  might  infer,  from  the  analogy  of  its  structure  to 
other  volcanoes.  These  were  recognized  by  Strabo,  but  Pliny  did  not 
include  the  mountain  in  his  list  of  active  vents.  The  ancient  cone  was 
of  a  very  regular  form,  terminating  not  as  at  present  in  two  peaks,  but 
with  a  summit  which  presented,  when  seen  from  a  distance,  the .  even 
outline  of  an  abruptly  truncated  cone.  On  the  summit,  as  we  learn 
from  Plutarch,  there  was  a  crater  with  steep  cliffs,  and  having  its 
interior  overgrown  with  wild  vines,  and  with  a  sterile  plain  at  the  bot- 
tom. On  the  exterior,  the  flanks  of  the  mountain  were  clothed  with 
fertile  fields  richly  cultivated,  and  at  its  base  were  the  populous  cities 
of  Herculaneum  and  Pompeii.  But  the  scene  of  repose  was  at  length 
doomed  to  cease,  and  the  volcanic  fire  was  recalled  to  the  main  channel, 
which  at  some  former  unknown  period  had  given  passage  to  repeated 
streams  of  melted  laVa,  sand,  and  scoriae. 

♦  De  Rerum  Nai  vi.  740.— Forbes,  on  Bay  of  Kaples,  Edin.  Joum.  of  Scl  No 
m  new  series,  p.  87.    Jan.  1880.  f  Humboldt,  Voj.  p.  817. 

%  YoD  Bach,  Ueber  einen  vulcaniscfaen  Ausbruch  aof  der  Insel  Lanxerote. 
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Benewal  of  its  eruptions. — ^The  first  symptom  of  the  reyiyal  of  the 
energies  of  this  volcano  was  the  occurrence  of  an  earthqoake  in  the  year 
63  after  Christ,  which  did  considerahle  injury  to  the  cities  m  its  richity. 
From  that  time  to  the  year  79  slight  shocks  were  frequent ;  and  in  the 
month  of  August  of  that  year  they  became  more  numerous  and  violent, 
till  ihey  ended  at  length  in  an  eruption.  The  elder  Pliny,  who  com- 
manded the  Roman  fleet,  was  then  stationed  at  Misenum ;  and  in  his 
anxiety  to  obtain  a  near  view  of  the  phenomena,  he  lost  his  life,  being 
suffocated  by  sulphureous  vapors.  His  nephew,  the  younger  Pliny, 
remained  at  Misenum,  and  has  given  us,  in  his  Letters,  a  lively  descrip- 
tion of  the  awful  scene.  A  dense  column  of  vapor  was  first  seen  rising 
vertically  from  Vesuvius,  and  then  spreading  itself  out  laterally,  so  that 
its  upper  portion  resembled  the  head,  and  its  lower  the  trunk  of  the 
pine,  which  characterizes  the  Italian  landscape.  This  black  cloud  was 
pierced  occasionally  by  flashes  of  fire,  as  vivid  as  lightning,  succeeded 
by  darkness  more  profound  than  night.  Ashes  fell  even  upon  the  slops 
at  Misenum,  and  caused  a  shoal  in  one  part  of  the  sea — ^the  ground 
rocked,  and  the  sea  receded  from  the  shores,  so  that  many  marine  am- 
mals  were  seen  on  the  dry  sand.  The  appearances  above  described 
agree  perfectly  with  those  witnessed  in  more  recent  eruptions,  especially 
Ihose  of  Monte  Nuovo,  in  1638,  and  of  Vesuvius  in  1822. 

The  younger  Pliny,  although  givmg  a  circumstantial  detail  of  so  many 
physical  facts,  and  describing  the  eruption  and  earthquake,  and  the  shower 
of  ashes  which  fell  at  Stabiee,  makes  no  allusion  to  the  sudden  overwhelm- 
ing of  two  large  and  populous  cities,  Herculaneum  and  PompeiL  In  ex- 
planation of  this  omission,  it  has  been  suggested  that  his  chief  object  was 
simply  to  give  Tacitus  a  full  account  of  the  particulars  of  his  uncle's  death. 
It  is  worthy,  however,  of  remark,  that  had  the  buried  cities  never  been 
discovered,  the  accounts  transmitted  to  us  of  their  tragical  end  might 
well  have  been  discredited  by  the  majority,  so  vague  and  general  are 
the  narratives,  or  so  long  subsequent  to  the  event.  Tacitus,  the  friend 
and  contemporary  of  Pliny,  when  adverting  in  general  terms  to  the  con*^ 
vulsions,  says  merely  that  <<  cities  were  consumed  or  buried."* 

Suetonius,  although  he  alludes  to  the  eruption  incidentally,  is  silent 
as  to  the  cities.  They  are  mentioned  by  Martial,  in  an  epigram,  as  im- 
mersed in  cinders ;  but  the  first  historian  who  alludes  to  them  by  name 
is  Dion  Cassius,f  who  flourished  about  a  century  and  a  half  after  Pliny. 
He  appears  to  have  derived  his  information  from  the  traditions  of  the 
inhabitants,  and  to  have  recorded,  without  discrimfnation,  all  the  facts 
and  fables  which  he  could  collect  He  tells  us,  **  that  during  the  erup- 
tion a  multitude  of  men  of  superhuman  stature,  resembling  giants,  ap- 
peared, sometimes  on  the  mountain,  and  sometimes  in  the  envhons — 
that  stones  and  smoke  were  thrown  out,  the  sun  was  hidden,  and  then 
the  giants  seemed  to  rise  again,  white  the  sounds  of  trumpets  were 
lieard,  &c.,  kc. ;  and  finally,''  he  relates,  <<  two  entire  cities,  Herculaneum 

•  Hanttn  ant  ohrattt  %  bes.—- Hist.  Kb.  i.  f  Hist  Rm&.  lih.  btvL 
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and  Pompeii^  were  buried  under  showers  of  ashes,  while  all  the  pec^le 
were  sittiiig  ia  the  theatre,"  That  many  dT  these  circumstances  were 
inrentedy  would  ha?e  been  obvious,  even  without  the  aid  of  Pliny's  let- 
ten  ;  and  the  examination  of  Heroulaneum  and  PcMnpeii  enables  us  to 
prove^  that  none  of  the  people  were  destroyed  in  the  theatres,  and  in- 
deed that  there  were  very  few  of  the  inhabitants  who  did  not  escape 
from  both  cities.  Yet  some  lives  were  lost,  and  ih&te  was  ample  foun- 
dation for  the  tale  in  its  most  essential  particulars. 

It  does  not  appear  that  in  the  year  79  any  lava  flowed  from  Yesu- 
Tius ;  the  ejected  substances,  perhaps,  consisted  entirely  of  lapiUi,  sand, 
and  fragments  of  older  lava,  as  when  Monte  Nuovo  was  thrown  up  in 
1588.  The  first  era  at  which  we  have  authentic  accounts  of  the  flowing 
of  a  stream  of  lava,  is  the  year  1036,  which  is  the  seventh  eruption  from 
the  revival  of  the  fires  of  the  volcano.  A  few  years  afterwards,  in  1049, 
another  eruption  is  mentioned,  and  another  in  1188  (or  1139),  after 
which  a  great  pause  ensued  of  168  years.  During  this  long  interval  of 
repose,  two  minor  vents  opened  at  distant  points.  First,  it  is  on  tradi- 
tion that  an  eruption  took  phice  from  the  Solfatara,  in  the  year  1198, 
during  the  reign  of  Frederick  II.,  Emperor  of  Germany ;  and  although 
no  circumstantial  detail  of  the  event  has  reached  us  from  those  ditfk 
ages,  we  may  receive  the  fact  without  hesitation.*  Nothing  more,  how- 
ever, can  be  attributed  to  this  eruption,  as  Mr.  Scrope  observes,  than 
the  discharge  of  a  light  and  scoriform  trachytic  lava,  of  recent  aspect, 
reeling  upon  the  strata  of  loose  tuff  which  covers  the  principal  mass  of 
trachyte.} 

Vokanic  eruption  in  Iwkia,  1302. — ^The  other  occurrence  is  well 
authenticated — ^the  eruption,  in  the  year  1302,  of  a  lava-stream  from  a 
new  vent  on  the  southeast  end  of  the  Island  of  Ischia.  During  part  of 
1301,  earthquakes  had  succeeded  one  another  with  fearful  rapidity ;  and 
they  terminated  at  last  with  the  discharge  of  a  lava-stream  from  a  point 
named  the  Campo  del  Arso,  not/ar  from  the  town  of  Ischia.  This  lava 
ran  quite  down  to  the  sea — a  distance  of  about  two  miles ;  in  color  it 
varies  from  iron-gray  to  reddish  black,  and  is  remarkable  for  the  glassy 
felspar  whi^  it  contains.  Its  surface  is  almost  as  sterile,  after  a  period 
of  five  centuries>  as  if  it  had  cooled  down  yesterday.  A  few  scantlings 
of  wild,  thyme,  and  two  or  three  other  dwarfish  plants,  alone  appear  in 
.the  interstices  of  the  scoriae,  while  the  Yesuvian  lava  of  1767  is  already 
covered  with  a,  luxuriant  vegetation.  Pontanus,  whose  country-houso 
was  4>umt  and  overwhelmed,  describes  the  dreadful  scene  as  having 
lasted  two  months.^  Many  houses*  were  swallowed  up,  and  a  partial 
emigration  of  the  inhabitants  followed.  This  eruption  produced  no 
cone,  but  only  a  slight  depression,  hardly  deserving  the  name  of  a  cra- 

*  The  earliest  authority,  says  Mr.  Forhei,  given  for  this  fact,  appears  to  bo 
Oapaccio,  quoted  in  the  Terra  Tremante  of  Bonita— 'Edin.  Jonra  of  Sd.  Ac.  Na 
L  new  series,  p^  127.    Jnly,  1829. 

4  Geol.  Trans,  second  series,  vol  iL  p.  846. 

X  LiU  vi.  de  Bello  Neap,  in  GraBvii  Tbesaur. 
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ter,  where  heaps  of  black  and  red  scoriee'lie  scattered  around.  Until 
this  eruption,  Ischia  is  generally  believed  to  have  enjoyed  an  interval  of 
rest  for  about  seventeen  centuries ;  but  Julius  Obsequens,*  who  flour- 
ished A.  D.  214,  refers  to  some  volcanic  convulsions  in  the  year  662 
after  the  building  of  Rome  (91  b.  c.)  As  Pliny,  who  lived  a  oentuiy 
before  Obsequens,  does  not  enumerate  this  among  other  volcanic  erup- 
tions, the  statement  of  the  latter  author  is  supposed  to  have  been  erro- 
neous ;  but  it  would  be  more  consistent,  for  reasons  before  stated,  to 
disregard  the  silence  of  Pliny,  and  to  conclude,  that  some  kind  of  sub- 
terranean commotion,  probably  of  no  great  violence,  happened  at  the 
period  alluded  to. 

HUtory  of  Vesuvius  after  1188. — ^To  return  to  Vesuvius : — ^the  nex* 
eruption  occurred  in  1306;  between  which  era  and  1631  there  was 
only  one  other  (in  1500),  and  that  a  slight  one.  It  has  been  remarked, 
that  throughout  this  period  Etna  was  in  a  state  of  such  unusual  activity, 
as  to  lend  countenance  to  the  idea  that  the  great  Sicilian  volcano  may 
sometimes  serve  as  a  channel  of  discharge  to  elastic  fluids  and  lava  that 
would  otherwise  rise  to  the  vents  in  Campania. 

Formation  of  Monte  Nuovo,  1638. — ^Tlie  great  pause  was  also  marked 
by  a  memorable  event  in  the  Phlegraean  Fields — the  sudden  formation 
of  a  new  mountain  in  1638,  of  which  we  have  received  authentic  ac- 
counts from  contemporary  writers. 

The  height  of  this  mountain,  called  ever  since  Monte  Nuovo,  has  been 
determined  by  the  Italian  mineralogist  Pini,  to  be  440  English  feet 

Fig.  41 


Honto  NaoTo,  fvrmed  in  the  Bay  of  Bd«,  Sept  nth,  ICBSw 
1.  Cone  of  Monte  Naoro.  3.  Brim  of  cr«ter  of  dltta 

8.  ThemuU  spring,  called  Baths  of  Nero,  or  Btofe  di  Tri^L 

above  the  level  of  the  bay ;  its  base  is  about  eight  thousand  feet,  or 
more  than  a  mile  and  a  half  in  circumference.     According  to  Fuu»  tn« 

*  Prodig.  libel  e.  cxiv. 
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depth  of  the  crater  is  421  English  feet  ^m  the  summit  of  the  hill,  so 
that  its  bottom  is  only  nineteen  feet  above  the  level  of  the  sea.  The 
eone  is  declared,  by  the  best  authorities,  to  stand  partly  on  the  nte  of 
the  Lucrine  Lake  (4,  fig.  43),*  which  was  nothing  more  than  the  crater 
of  a  pre-existent  volcano,  and  was  almost  entirely  filled  during  the  eXf 
plosion  of  1538.  Nothing  now  remains  but  a  shallow  pool,  separated 
bom  the  sea  by  an  elevated  beach,  raised  artificially. 

T\e.  48. 


The  Phlegnean  Fielda. 

1.  Monte  NuoTo.  4.  Lacrine  Lake. 

9.  Monte  Barbaro.  &  The  BolflMara. 

&  Lake  Avernoa.  6.  Ponaoli. 

7.  BayofBaltt. 

Sir  William  Hamilton  has  given  us  two  original  letters  describing  this 
eruption.  The  first,  by  Falconi,  dated  1538,  contains  the  foUowing 
passages.f  "  It  is  now  two  years  since  there  have  been  frequent  earth- 
quakes at  Puzzuoli,  Naples,  and  the  neighboring  parts.  On  the  day 
and  in  the  night  before  the  eruption  (of  Monte  Nuovo),  above  twenty 
shocks,  great  and  small,  were  felt.  The  eruption  began  on  the  29th  of 
September,  1538.  It  was  on  a  Sunday,  about  one  o'clock  in  the  night, 
when  flames  of  fire  were  seen  between  the  hot  baths  and  Tripergola. 
In  a  short  time  the  fire  increased  to  such  a  degree,  that  it  burst  open 
the  earth  in  this  place,  and  threw  up  so  great  a  quantity  of  ashes  and 
pumice-stones,  mixed  with  water,  as  covered  the  whole  country.  The 
next  morning  (after  the  formation  of  Monte  Nuovo)  the  poor  inhabitants 
of  Puzzuoli  quitted  their  habitations  in  terror,  covered  with  the  muddy 
and  black  shower  which  continued  the  whole  day  in  that  country — fly- 
ing from  death,  but  with  death  painted  in  their  countenances.  Some 
with  their,  children  in  their  arms,  some  with  sacks  full  of  their  goods ; 
others  leading  an  ass,  loaded  with  their  frightened  family,  towards  Na« 

*  ThiB  representation  of  the  Fhlegraao  Fields  is  reduced  from  part  of  Plat« 
xxxl  of  Sir  William  Hamilton's  great  work  **  Campi  Pblegr«eL"  The  faithfolnesa 
of  his  colored  delineations  of  the  scenery  of  that  country  cannot  be  too  highly 
praised 

f  Campi  Phlcgrsei,  p.  TO. 
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pies ;  others  canying  quantitiesof  birds»  of  varioiis  sorts,  that  bad  fallen 
dead  at  the  beginiiiiig  of  the  eniptioii ;  others,  again,  with  fish  vhieh 
they  had  found,  and  which  we<e  to  be  met  with  in  plenty  oh  the  shore, 
the  sea  having  left  them  dry  for  a  considerable  time.  I  aocompanied 
Signor  Moramaldo  to  behold  the  wonderful  effects  ci  the  eruption.  The 
sea  had  retired  on  the  side  of  Bai»,  abandoning  a  considerable  tract, 
and  the  shore  appeared  almost  entirely  dry,  from  the  quantity  of  ashes 
and  broken  pumice-stones  thrown  up  by  the  eruption.  I  saw  two 
springs  in  the  newly  discovered  ruins ;  one  before  the  house  that  was 
the  queen's,  of  hot  and  salt  water,"  ^c. 

80  far  Falconi :  the  other  account  is  by  Pietro  Giacomo  di  Toledo^ 
which  begins  thus : — "  It  is  now  two  years  since  this  province  of  Cam« 
pagna  has  been  afflicted  with  earthquakes,  the  country  about  Puszuoli 
much  more  so  than  any  other  parts ;  but  the  27th  and  the  28th  of  the 
month  oi  September  last,  the  earthquakes  did  not  cease  day  or  night 
in  the  town  of  Puuuoli :  that  plain  which  lies  between  Lake  Avemns, 
the  Konte  Barbaro,  and  the  sea,  was  raiaed  a  little,  and  many  cracks 
were  made  in  it,  from  some  of  which  issued  water ;  at  the  same  time  the 
sea,  immediately  joining  the  plain,  dried  up  about  ivfo  hundred  paces,  so 
that  the  fish  were  left  on  the  sand  a  prey  to  the  inhabitants  of  PussnolL 
At  last,  on  the  29th  of  the  same  month,  about  two  o'clock  in  the  night, 
the  earth  opened  near  the  lake,  and  discovered  a  horrid  mouth,  from 
which  were  vomited  furiously  smoke,  fire,  stones,  and  mud,  composed  of 
ashes,  making  at  the  time  of  its  opening  a  noise  like  the  loudest  thun- 
der. The  stones  which  followed  were  by  the  flames  converted  to  pum* 
ice,  and  some  of  these  were  larffer  than  an  ox.  The  stones  went  about 
as  high  as  a  cross-bow  can  carry,  and  then  fell  down,  sometimes  on  the 
edge,  and  sometimes  into  the  mouth  itself.  The  mud  was  of  the  cdcv 
of  ashes,  and  at  first  very  liquid,  then  by  degrees  less  so,  and  in  such 
quantities,  that  in  less  than  twelve  hours,  with  the  help  of  the  above- 
mentioned  stones,  a  mountain  was  raised  of  1000  paces  in  height.  Not 
only  Puzzuoli  and  the  neighboring  country  was  full  of  this  mud,  but  the 
city  of  Naples  also ;  so  that  many  of  its  palaces  were  defaced  by  it. 
Now  this  eruption  lasted  two  nights  and  two  days  without  intermisnon, 
though,  it  is  true,  not  always  with  the  same  force ;  the  third  day  the 
eruption  ceased,  and  I  went  up  with  many  people  to  the  top  of  the  new 
hill,  and  saw  down  into  its  mouth,  which  was  a  round  cavity  about  a 
quarter  of  a  mile  in  circumference,  in  the  middle  of  which,  the  stones 
which  had  fallen  were  boiling  up,  just  as  a  caldron  of  wato*  boilB  on 
the  fire.  The  fourth  day  it  began  to  throw  up  again,  and  the  seventh 
much  more,  but  still  with  less  violence  than  the  first  night.  At  this 
time  many  persons  who  were  on  the  hill  were  knocked  down  by  the 
stones  and  killed,  or  smothered  with  the  smoke.  In  the  day  the  smoke 
stOl  continues,  and  you  often  see  fire  in  the  midst  of  it  in  the  night- 
time."* 

It  will  be  seen  that  both  these  accounts,  written  immediately  after  the 

*  Oampi  Fhlegrai,  p.  7*7. 
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bjiih  of  Monte  Naovo,  agree  in  stating  tbal  the  sea  retired ;  and  one 
mentions  that  its  bottom  was  upraised  ;  but  they  attribute  the  origin  of 
the  new  hill  ezduarelj  to  the  jets  of  mud,  showers  of  scorie,  and  large 
fragments  of  rock,  cast  out  from  a  central  orifice,  for  several  days  and 
nights.  Baron  Yon  Bucb,  however,  in  his  excellent  work  on  the  Canary 
Islands,  and  volcanic  phenomena  in  general,  has  declared  his  opinion 
that  the  crone  and  crater  of  Monte  Nuovo  were  fomned,  not  in  the  man- 
ner above  described,  but  by  the  upheaval  of  solid  beds  of  white  tuff, 
which  were  previously  horizontal,  but  which  were  pushed  up  in  1538, 
so  as  to  dip  away  in  all  directions  from  the  centre,  with  the  same  incli- 
nation as  the  sloping  surface  of  the  cone  itself.  •  "  It  is  an  error,"  he 
says,  "to  imagine  that  this  hill  was  formed  by  eruption,,  or  by  the  ejec- 
tion of  pumice,  scoriae,  and  other  incoherent  matter ;  for  the  solid  beds 
of  upndsed  tuff  are  visible  all  round  the  crater,  and  it  is  merely  the  su- 
perficial covering  of  the  cone  which  is  made  up  of  ejected  scoris."* 

In  confirmation  of  this  view,  M.  Dufr^noy  has  cited  a  passage  from 
the  works  of  Porzio,  a  celebrated  physician  of  that  period,  to  prove 
that  in  1538  the  ground  where  Monte  Nuovo  stands  was  pushed  up  m 
the  form  of  a  great  bubble  or  blister,  which  on  bursting,  gave  origin  to 
the  present  deep  crater.  Porzio,  says,  "  that  after  two  days  and  nights 
<^  violent  earthquakes,  the  sea  retired  for  nearly  200  yards ;  so  that  the 
inhabitants  could  collect  great  numbers  of  fish  on  this  part  of  the 
shore,  and  see  some  springs  of  fresh  water  which  rose  up  there.  At 
length,  on  the  third  day  of  the  calends  of  October  (September  29),  they 
saw  a  laige  tract  of  ground  intervening  between  the  foot  of  Monte  Bar- 
baio,  and  part  of  the  sea,  near  the  Lake  Avemus,  rise,  and  suddenly 
assuooe  the  form  of  an  incipient  hill ;  and  at  two  o'clock  at  night,  thk 
heap  of  earth,  opening  as  it  were  its  mouth,  vomited,  with  a  loud  noise, 
flaooes,  pumice-stones,  and  ashes."f 

So  late  as  the  year  1846  a  fourth  manuscript  (written  immediately 
after  the  eruption)  was  discovered  and  published  in  Germany.  It  was 
written  in  1588  by  Francesco  del  Nero^  who  mentions  the  drying  up 
of  the  bed  of  the  sea  near  Puzzuoli,  which  enabled  the  inhabitants  of 
the  town  to  carry  off  loads  of  fish.  About  eight  o'clock  in  the  morn- 
ing of  the  29th  September,  the  earth  sunk  down  about  14  feet  in  that 
place  where  the  volcanic  orifice  now  appears,  and  there  issued  forth  a 
small  stream  of  water,  at  first  cold,  and  afterwards  tepid.  At  noon,  on 
the  same  day,  the  earth  began  to  swell  up  in  the  same  spot  where  it 
had  sunk  down  14  feet,  so  as  to  form  a  hill.    About  this  time  fire 

♦  P.  847.    Pari^lSSe. 

f  **  Magnos  terrs  tracttis^  qni  inter  radices  montis,  quern  Barbamm  incolas  ap^ 
pellant,  et  mare  jnzta  Ayernum  jacet,  sese  erigere  videbatur,  et  mentis  subitf 
naieentia  figaram  imitarl  £o  ipso  die  hora  noctis  II,  iste  terr»  cumulus,  apertv 
reluti  ore,  magno  cum  fremitu,  magnos.  ignes  evomuit ;  pumicesque,  et  lapide% 
cineresijue.''— Porzio,  Opera  Ononis,  Medicl^  Phil,  et  Ifatbemat,  in  unum  coUecta 
1786,  cited  hjf  Dnfr^noy,  M6el  pour  senrir  a  une  Description  (}4ologiqne  de  U 
Franoe,  torn.  it.  p.  274. 

X  See  Keues  Jabr  Buch  for  1846;  and  a  translatian  in  the  Quarterly  Joum.  ol 
the  GteoL  See.  for  1847,  vol  iil  p.  20,  Memoirs. 
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issued  forth,  and  gave  Hse  to  the  great  golf,  **  with  such  a  force,  noise^ 
and  shining  light,  that  I,  who  was  standing  in  my  garden,  was  seind 
with  terror.  Forty  minntes  afterwards,  although  unwell,  I  got  upon  a 
neighboring  height,  from  which  I  saw  all  that  took.  jrface»  and  by  my 
troth  it  was  a  splendid  fire,  that  threw  up  for  a  long  time  much  earth 
and  many  stones,  which  fell  back  again  all  round  the  gnlf^  in  a  aeniicir- 
cle  of  from  one  to  three  bow-shots  in  diameter,  and,  filling  up  paii  of 
the  sea,  formed  a  hill  nearly  of  the  height  of  Monte  Morello.  Masses 
of  earth  and  stones,  as  lai^  as  an  ox,  were  shot  up  from  the  fiery  gulf 
into  the  air,  to  a  height  which  I  estimate  at  a  mile  and  a  half.  When 
they  descended,  some  were  dry,  others  in  a  soft  muddy  state."  He 
concludes  by  alluding  again  to  the  sinkii^  of  the  ground,  and  the  ekiva- 
tion  of  it  which  followed,  and  says  that  to  him  it  was  inconceiFabie  how 
such  a  mass  of  stones  and  ashes  could  have  been  poured  forth  from  the 
gulf.  He  also  refers  to  the  account  whbh  Ponio  was  to  draw  up  for 
the  Viceroy. 

On  comparing  these  four  accounts,  recorded  by  eye-witnesses,  there 
appears  to  be  no  real  discrepancy  between  them.  It  seems  clear  that 
the  ground  first  sunk  down  14  feet  on  the  site  of  the  future  Tolcano, 
and  after  having  subsuied  it  was  agiun  propelled  upwards  by  the  lava 
mingled  with  steam  and  gases,  which  were  about  to  burst  forth.  Jets 
of  red-hot  lava,  fragments  of  fractured  rock,  and  occasionally  mud  com- 
posed of  a  mixture  of  pumice,  tuff,  and  sea-water,  were  hurled  into  the 
air.  Some  of  the  blocks  of  stone  were  very  large,  leading  us  to  infer 
that  the  ground  which  sank  and  rose  again  was  much  shattered  and 
torn  to  pieces  by  the  elastic  vapors.  The  whole  hill  was  not  formed  at 
once,  but  by  an  intermittent  action  extending  over  a  week  or  more.  It 
seems  that  the  chasm  opened  between  Tripergola  and  the  baths  in  its 
suburbs,  and  that  the  ejiected  materials  fell  and  buried  that  small  town. 
A  considerable  part,  however,  of  the  hill  was  formed  in  less  than 
twenty-four  hours,  and  in  the  same  manner  as  on  a  smaller  scale  the 
mud  cones  of  the  air  volcanoes  are  produced,  with  a  cavity  in  the  mid- 
dle. There  is  no  difficulty  in  conceiving  that  the  pumiceous  mud,  tf 
so  thrown  out,  may  have  set  into  a  kind  of  stone  on  drying,  just  as 
some  cements,  composed  of  volcanic  ashes,  are  known  to  consolidate 
with  facility. 

I  am  informed  that  Baron  Von  Buch  discovered  some  marine  shells 
of  existing  species,  such  as  occur  fossil  in  the  tuff  of  the  neighborhood, 
m  beds  exposed  low  down  in  the  walls  of  the  crater  of  Monte  Nuora 
These  may  have  been  ejected  in  the  mud  mixed  with  sea-water  which 
was  cast  out  of  the  boiUng  gulf ;  or,  as  Signor  Arcangelo  Scacchi  has 
suggested,*  they  may  have  been  derived  from  the  older  tuff,  which 
contains  marine  shells  of  recent  species.  The  same  observer  renoArks 
that  Porzio's  account  upon  the  whole  corroborates  the  doctrine  of  the 
cone  having  been  formed  by  eruption,  in  proof  of  which  he  oitea  the 

*  Mem.  Hoy.  Acad.  Nap.  1849. 
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following  passage : — **  But  what  was  traly  astonisbingy  a  hill  of  pumiee- 
atones  and  ashes  was  helped  up  round  the  gulf  to  the  height  of  a  mile 
in  a  single  night"*  S^or  Scacchi  also  adds  that  the  ancient  temple 
of  Apollo,  now  at  the  foot  of  Monte  Nuovo,  and  the  walls  of  which 
still  retain  their  perfect  perpendicularity,  could  not  possibly  hare  main- 
tained that  position  had  the  cone  of  Monte  Nuovo  really  been  the  result 
of  upheaTaL 

Tripergola  was  much  frequented  as  a  watering-place,  and  contuned 
a  hospttd  for  those  who  resorted  there  for  the  b^efit  of  the  thermal 
springs ;  and  it  appears  that  there  were  no  fewer  than  three  inns  in  the 
principal  street.  Had  Porzio  stated  that  any  of  these  building?,  or  the 
ruins  of  them,  were  seen  by  himself  or  others  raised  up  above  the  plain, 
a  short  time  before  the  first  eruption,  so  as  to  stand  on  the  summit  or 
slope  of  a  newly-taised  hillock,  we  might  hare  been  compelled,  by  so 
circumstantial  a  narrative,  to  adopt  M.  Dufr6noy's  interpretation. 

But  in  the  absence  of  such  evidence,  we  must  appeal  to  the  crater 
itself,  where  we  behold  a  section  of  the  whole  mountain,  without  being 
able  to  detect  any  original  nucleus  of  upheaved  rock  distinct  from  the 
rest ;  on  the  contrary,  the  whole  mass  is  amtiar  throughout  in  composi- 
tioa,  and  the  eone  very  symmetrical  in  form ;  nor  are  there  any  clefts, 
such  as  might  be  looked  for,  as  the  effect  of  the  sudden  updirow  of 
stony  mioses.  M.  C.  Prevost  has  well  remarked,  that  if  beds  of  solid 
and  noo-eUstie  materials  had  yielded  to  a  violent  pressure  directed  from 
below  upward,  we  should  find  not  simply  a  deep  empty  cavity,  but  an 
irregular  opening,  where  many  rents  con* 
verged ;  and  these  rents  would  be  now  ^ 

seen  breaking  through  the  walls  of  the 
erater,  widening  as  they  approach  the 
centre.  (See  Fig.  44,  a,  6.)f  Not 
single  fissure  of  this  kind  is  observable  in 
the  interior  of  Monte  Nuovo,  where  the 
walk  of  the  crater  are  continuous  and  en-i 
tire ;  nor  are  there  any  dikes  implying  that 
rents  had  existed,  which  were  afterwards  filled  with  lava  or  other  matter. 

It  has  moreover  been  often  urged  by  Von  Bueh,  De  Beaumont,  and 
others,  who  ascribe  the  conical  form  of  volcanoes  chiefly  to  upheaval 
from  below,  that  in  such  mountains  there  are  a  great  number  of  deep 
rents  and  ravines,  which  diverge  on  all  sides  like  the  spokes  of  a  wheel, 
from  near  the  central  axis  to  the  circumference  or  base  of  the  cone,  as 
in  the  case  of  Palma,  Cantal,  and  Teneriffe.  Yet  the  entire  absence  of 
sneh  divei^ent  fissures  or  ravmes,  in  such  cases  as  Monte  Nuovo,  Somma» 
or  Etna,  is  passed  by  unnoticed,  and  appears  to  have  raised  in  thehr 
minds  no  objection  to  their  favorite  theory. 

It  is,  indeed,  adnutted  by  M,  Dufr6noy  that  there  are  some  factb 


^n~ 


•  «  Yemm  quod  omnem  superat  admirationem,  moDi  dream  earn  voraginem 

'' Iodine  una  n<M  ' 
torn.  iL  p  91. 


ex  pummieibiu  et  eincere  plutqutm  mille  pasraum  altitodine  una  noete  eongeatus 
aspidtor."  f  M^m.  da  la  Soe.  66oL  de  Fhuioe, 


372  YOLCANOBB  OF  THE  PHLEOS^AN  FIELDS.  [GE.XXni 

which  it  IB  very  difficult  to  reconcile  with  his  own  view  of  Porzio*s  leG* 
ord.  Thiu,  for  example,  there  are  certain  Roman  monuments  at  the 
base  of  Monte  Nnovo,  and  on  the  borders  of  Lake  Avemus,  such  as  the 
temples  of  Apollo  (before  mentioned)  and  Pluto,  which  do  not  seem  to 
have  suffered  in  the  least  degree  bj  the  supposed  upheaval.  "The 
walls  which  still  exbt  have  preserved  their  vertical  position,  and  the 
vaults  are  in  the  same  state  as  other  monuments  on  the  shores  of  the 
Bay  of  Baiae.  The  long  gallery  which  led  to  the  Sibyl's  Cave,  on  the 
other  side  of  Lake  Avemus,  has  in  like  manner  escaped  injury,  the  roof 
of  the  gallery  remaining  perfectly  horizontal,  the  only  change  being  that 
the  soil  of  the  chamber  in  which  the  Sibyl  gave  out  her  oracles  b  now 
covered  by  a  few  inches  of  water,  which  merely  indicates  a  slight  alter- 
ation in  the  level  of  Lake  Avemus."*  On  the  supposition,  then,  that 
pre-existing  beds  of  pumiceous  tuff  were  upraised  m  1538,  so  as  to  form 
Monte  Nuovo,  it  is  acknowledged  that  the  perfectly  undisturbed  state 
of  the  contiguous  soil  on  which  these  ancient  monuments  stand,  is  very 
different  from  what  might  have  been  expected. 

Mr.  Darwin,  in  his  "  Volcanic  Islands,"  has  described  several  crateri- 
form  hills  in  the  Galapagos  Archipelago  as  composed  of  tuff  which  has 
evidently  flowed  like  mud,  and  yet  on  consolidating  has  preserved  an 
inclination  of  twenty  and  even  thirty  degrees.  The  tuff  does  not  fold  in 
continuous  sheets  round  the  hills  as  would  have  happened  if  they  had 
been  formed  by  the  upheaval  of  horizontal  layers.  The  author  describes 
the  composition  ci  the  tuff  as  very  similar  to  that  of  Monte  Nuovo,  and 
the  high  angles  at. which  the  beds  slope,  both  those  which  have  flowed 
and  those  which  have  fallen  in  the  form  of  ashes,  entirely  removes  the 
difficulty  supposed  by  M.  Dufr6noy  to  exist  in  regard  to  the  slope  of 
Monte  Nuovo,  where  it  exceeds  an  angle  of  18^  to  20^.f  Mr.  Dana, 
also,  in  his  account  of  the  Sandwich  Islands,^  shows  that  in  the  "  cinder 
cones"  of  that  region,  the  strata  have  an  original  inclination  of  between 
36**  and  40?,  while  in  the  "  tufa  cones"  formed  near  the  sea,  the  beds 
slope  at  about  an  angle  of  30^.  The  same  naturaKst  also  observed  in 
the  Samoan  or  Navigator  Islands  in  Polynesia,  that  fragments  of  fresh 
coral  had  been  thrown  up  together  with  volcanic  matter  to  the  hdght  of 
200  feet  above  the  level  of  the  sea  in  cones  of  tufa.§ 

I  shall  again  revert  to  the  doctrine  of  the  origin  df  volcanic  cones  by 
upheaval,  when  speaking  of  Vesuvius,  Etna,  and  Santorin,  and  shall  now 
merely  add,  that,  in  1538,  the  whole  coast,  from  Monte  Nuovo  to  be- 
yond Puzzuoli,  was  upraised  to  the  height  g[  many  feet  above  the  bed 
of  the  Mediterranean,  and  has  since  retaine<]^  the  greater  part  of  the 
elevation  then  acquired.  The  proofs  oi  these  remarkable  changes  of 
level  will  be  considered  at  length  when  the  phenomena  of  the  temple  oi 
Serapis  are  described.] 

*  Dufrtooj,  Mem.  poor  servir,  Ac  p.  277. 

I  Darwin's  Volcanic  Islands,  106,  note. 

i  Geology  of  the  American  Exploring  Expedition,  in  1888-1842,  p..S54. 

%  lUd.  p.  828  I  gee  chap.  29. 
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Volcanoes  of  the  PhUgrcEan  Fields. — ^Immediatelj  adjoining  Monte 
XuoYO  is  the  larger  volcanic  cone  of  Monte  Barbaro  (2,  fig.  43,  p.  867), 
tlie  "  Gaurus  inanis"  of  Juvenal — an  appellation  given  to  it  probably 
from  its  deep  circular  crater,  which  is  about  a  mile  in  diameter.     Large 

.  as  is  this  cone,  it  was  probably  produced  bj  a  single  eruption ;  and  it 
does  not,  perhaps,  exceed  in  magnitude  some  of  the  largest  of  those 
formed  in  Ischia,  within  the  historical  era.  It  is  composed  chiefly  of 
indurated  tufa  like  Monte  Nuovo,  stratified  conformably  to  its  conical 
surface.  This  hill  was  once  very  celebrated  for  its  wmes,  and  is  still 
covered  with  vineyards ;  but  when  the  vine  is  not  m  leaf  it  has  a  sterile 
appearance,  and,  late  in  the  year,  when  seen  from  the  beautiful  Bay  of 
Baiae,  it  often  contrasts  so  strongly  in  verdure  with  Monte  Nuovo,  which 
is  alvrays  clothed  with  arbutus,  myrtle,  and  other  wild  evergreens,  that 
a  stranger  might  well  imagine  the  cone  of  older  date  to  be  th^t  thrown 
up  in  the  sixteenth  century.* 

There  is  nothing,  indeed,  so  calculated  to  instruct  Jie  geologist  as 
the  striking  manner  in  which  the  recent  volcanic  hills  of  Ischia,  and 
that  now  under  consideration,  blend  with  the  surrounding  landscape. 
Nothing  seems  wanting  or  redundant ;  every  part  of  the  picture  is  in 
such  perfect  harmony  with  the  rest,  that  the  whole  has  the  appearance 
of  having  been  called  into  existence  by  a  single  effort  of  creative  power. 
Tet  what  other  result  could  we  have  anticipated  if  nature  has  ever  been 
governed  by  the  same  laws  ?  Each  new  mountain  thrown  up— each 
new  tract  of  land  raised  or  depressed  by  earthquakes — should  be  in 
perfect  accordance  with  those  previously  formed,  if  the  entire  configura- 
tion of  the  surface  has  been  due  to  a  long  series  of  similar  disturbances. 
Were  it  true  that  the  greater  part  of  the  dry  land  originated  simulta- 
neously in  its  present  state,  at  some  era  of  paroxysmal  convulsion,  and 
that  additions  were  afterwards  made  slowly  and  successively  during  a 
period  of  comparative  repose ;  then,  indeed,  there  might  be  reason  to 
expect  a  strong  line  of  demarcation  between  the  signs  of  the  ancient 
and  modem  changes.  But  the  very  continuity  of  the  plan,  and  the 
perfect  identity  of  the  causes,  are  to  many  a  source  of  deception  ;  since 
by  producing  a  unity  of  effect,  they  lead  them  to  exaggerate  the  energy 
of  the  agents  which  operated  in  the  earlier  ages.  In  the  absence  of  all 
historical  information,  they  are  as  unable  to  separate  the  dates  of  the 
origin  of  different  portions  of  our  continents,  as  the  stranger  is  to  deter- 
mine, by  their  physical  features  alone,  the  distinct  ages  of  Monte  Nuovo, 

» Monte  Barbara,  Astroni,  and  the  Solfatara. 

The  vast  scale  and  violence  of  the  volcanic  operations  in  Campania, 
in  the  olden  time,  has  been  a  theme  of  decl^Unation,  and  has  been  con- 
trasted with  the  comparative  state  of  quiescence  of  this  delightful  region 
m  the  modem  era.  Instead  of  inferring,  from  analogy,  that  the  ancient 
Vesuvius  was  always  at  rest  when  the  craters  of  the  PhlegrsBan  Fields 

*  Hamilton  (writing  in  17*70)  aars,  ''the  new  monntam  prodaces  a*  yet  hnt  a 
very  slender  vegetation." — Campi  Phlegreei,  p.  69.  TliiB  remark  was  no  longer 
applicable  when  I  saw  it,  in  1828. 
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were  bunung — that  each  cone  rose  in  succesmon, — ^and  that  many  years, 
and  often  centuries,  of  repose  intervened  between  different  eruptions, — 
geologists  seem  to  have  generally  conjectured  that  the  whole  group 
sprung  up  from  the  ground  at  once,  Hke  the  soldiers  of  Cadmus  when 
he  sowed  the  dragon's  teeth.  As  well  might  they  endeavor  to  persuade 
us  that  on  these  Phlegroean  Fields,  as  the  poets  feigned,  the  giants 
warred  with  Jove,  ere  yet  the  puny  mce  of  mortals  were  in  being. 

Modem  eruptions  of  Vesuvius, — Fot  nearly  a  century  after  tbebirth 
of  Monte  Nuovo,  Vesuvius  continued  in  a  state  of  tranquillity.  There 
had  been  no  violent  eruption  for  492  years ;  and  it  appears  that  the 
crater  was  then  exactly  in  the  condition  of  the  present  extinct  volcano 
of  Astroni,  near  Naples.  Bracini,  who  viated  Vesuvius  not  long  before 
the  eruption  of  1631,  gives  the  following  interesting  description  of  the 
interior : — *'  The  crater  was  five  miles  in  circumference,  and  about  a 
thousand  paces  deep :  its  sides  were  covered  with  brusrwood,  and  at 
the  bottom  there  was  a  plain  on  which  cattle  grazed.  In  the  woody 
parts  wild  boars  frequently  harbored.  In  one  part  of  the  plain,  covered 
with  ashes,  were  three  small  pools,  one  filled  with  hot  and  bitter  water, 
another  Salter  than  the  sea,  and  a  third  hot,  but  tasteless/'*  But  at 
length  these  forests  and  grassy  plains  were  consumed,  being  suddenly 
blown  into  the  dr,  and  their  ashes  scattered  to  the  winds.  In  Decem- 
ber, 1631,  seven  streams  of  lava  poured  at  once  from  the  crater,  and 
overflowed  several  villages,  on  the  flanks  and  at  the  foot  of  the  moun- 
tain. Resina,  partly  built  over  the  ancient  site  of  Herculaneum,  was 
consumed  by  the  fiery  torrent.  Great  floods  of  mud  were  as  destruc- 
tive as  the  lava  itself,— ^no  uncommon  occurrence  during  these  catastro- 
phes ;  for  such  is  the  violence  of  rains  produced  by  the  evolutions  of 
aqueous  vapor,  that  torrents  of  water  descend  the  cone^  and  becoming 
charged  with  impalpable  volcanic  dust,  and  rolling  along  loose  ashes, 
acquire  sufficient  consistency  to  deserve  their  ordinary  appellation  of 
"  aque6us  lavas." 

A  brief  period  of  repose  ensued,  which  lasted  only  until  the  year 
1666,  from  which  time  to  the  pres^it  there  has  been  a  constant  series 
of  eruptions,  with  rarely  an  mterval  of  rest  exceeding  ten  years.  Dur- 
ing these  three  centuries,  no  irregular  volcanic  agency  has  convulsed 
other  points  in  this  district.  Brieslak  remarked,  that  such  irregular 
convulsions  had  occurred  in  the  Bay  of  Naples  in  every  second  century ; 
as,  for  example,  the  eruption  of  the  Solfatara,  in  the  twelfth ;  (^  the 
lava  of  Arso,  in  Ischia,  in  the  fourteenth ;  and  of  Monte  Nuovo  in  tJie  , 
sixteenth ;  but  the  eighteenth  has  formed  an  exception  to  this  rule,  and 
this  seems  accounted  for  by  the  unprecedented  number  of  eruptions  of 
Vesuvius  during  that  period ;  whereas,  when  the  new  vents  opened, 
there  had  always  been,  as  we  have  seen,  a  long  mtermittence  of  activity 
in  the  principal  volcano. 

*  Hamilton's  Campi  Phlegrcei,  folio,  vol  L  p.  62 ;  and  Brieslak,  Campanie^  toma 
I.  p.  18a. 
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TOLCANio  DISTRICT  OF  NAPLBs — Continued. 

DisMiiiioiis  and  structure  of  the  oo&e  of  VesaTia^^Flnidtty  ead  motioii  of  Urm^ 
Dikea — Alloyinma  celled  "aqueoue  UiTee" — Origin  end  eompoiitioD  of  the 
meiter  enveloping  Hercalaneam  and  Pompeii— Condition  and  contenta  of  the 
buried  citiee — Small  number  of  skeletons— State  of  preserration  of  animal  and 
Tegetable  substances — Rolls  of  papyrus — Stabia— Tore  del  Greco— Conclud- 
ing remarks  on  the  Campanian  volcanoea 

Structure  of  th$  cone  of  Vesuvius. — ^Bbtwbbh  the  end  of  the  eigh- 
teenth eentuiy  and  the  year  1822,  the  great  crater  of  V  esuTias  had  been 
graduaUy  filled  by  lava  boiling  up  from  below,  and  hy  scone  falling 
from  the  explosions  of  minor  mouths  which  were  formed  at  intervals  on 
its  bottom  and  sides.  In  place  of  a  r^ular  cavity,  therefore,  there 
waa  a  rough  and  rocky  plain,  covered  with  blocks  of  lava  and  scoriae, 
and  cut  by  numerous  fissures,  from  which  clouds  of  vapor  were  evolved. 
But  this  state  of  things  was  totally  changed  by  the  eruption  of  Octo- 
ber, 1822,  when  violent  explosions,  during  the  space  of  more  than 
twenty  days,  broke  up  and  threw  out  all  this  accumulated  mass,  so  as 
to  leave  an  immense  gulf  or  chasm,  of  an  irregular,  but  somewhat  ellip- 
tical shape,  about  three  miles  in  circumference  when  measured  along 
the  very  sinuous  and  irregular  line  of  its  extreme  margin,  but  somewhat 
less  than  three  quarters  of  a  mile  in  its  longest  diameter,  whi^h  was  di- 
rected from  N.  £.  to  S.  W.*  The  depth  of  this  tremendous  abyss  has 
been  variously  estimated ;  for  from  the  hour  of  its  formation  it  increased 
daily  by  the  dilapidatbn  of  its  sides.  It  measured,  at  first,  according 
to  the  account  of  some  authors,  two  thousand  feet  in  depth  from  the 
extreme  part  of  the  existing  summit  ;f  but  Mr.  Scrope,  when  he  saw  it, 
soon  after  the  eruption,  estimated  its  depth  at  less  than  half  that 
amount.  More  than  eight  hundred  feet  of  the  cone  was  carried  away 
by  the  explosions,  so  that  the  mountain  was  reduced  in  height  from 
about  4200  to  3400  feet.t 

As  we  ascend  the  sloping  sides,  the  volcano  appears  a  mass  of  loose 
materials — a  mere  heap  of  rubbish,  thrown  together  without  the  slight- 
est order ;  but  on  arriving  at  the  brim  of  the  crater,  and  obtaming  a 
view  of  the  interior,  we  are  agreeably  surprised  to  discover  that  the 
conformation  of  the  whole  displays  in  every  part  the  most  perfect  sym- 
metry and  arrangement.  The  materials  are  disposed  in  regular  strata, 
slightly  undulating,  appearing,  when  viewed  in  front,  to  be  disposed  in 
horiiontal  planes.    Bu^  as  we  make  the  circuit  of  the  edge  of  the  cra- 

*  Aeeonnt  of  the  Emptioo  of  Vesuvius  in  October,  1822,  by  G.  P.  Scrope,  Esq^ 
Jonm.  of  Sci.  &c  rclL  zv.  p.  175. 

f  Mr.  Forbes,  Account  of  Mount  Vesuvius,  Edin.  Joum.  of  Sd.  Ka  zyiil  p.  19& 
OeLieSS. 

X  Ibid,  p  194, 
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ter,  and  observe  the  cliflb  by  which  it  is  encircled  projecting  or  receding 
in  salient  or  retiring  angles,  we  behold  transverse  sections  of  the  currents 
of  lava  and  beds  of  sand  and  scoriae,  and  recognize  their  true  dip.  We 
then  discover  that  they  incline  outwards  from  the  axis  of  the  cone,  at 
angles  varying  from  30^  to  40^.  The  whole  cone,  in  fact,  is  composed 
of  a  number  of  concentric  coatings  of  alternating  lavas,  sand,  and  sco- 
rise.  Every  shower  of  ashes  which  has  fallen  from  above,  and  every 
stream  of  lava  descending  from  the  lips  of  the  crater,  have  conformed 
to  the  outward  surface  of  the  hill,  so  that  one  conical  envelope  may  be 
said  to  have  been  successively  folded  round  another,  until  the  aggrega- 
tion of  the  whole  mountain  was  completed.  The  marked  separation 
into  distinct  beds  results  from  the  different  colors  and  degrees  of  coarse- 
ness in  the  sands,  scorise,  and  lava,  and  the  alternation  of  these  with 
each  other.  The  greatest  difficulty,  on  the  first  view,  is  to  conceive 
how  so  much  regularity  can  be  produced,  notwitLstanding  the  unequal 
distribution  of  sand  and  scorise,  driven  by  prevailing  winds  in  particular 
eruptions,  and  the  small  breadth  of  each  sheet  of  lava  as  it  first  flows 
out  from  the  crater. 

But,  on  a  closer  examination,  we  find  that  the  appearance  of  extreme 
uniformity  is  delusive  ;  for  when  a  number  of  beds  thin  out  gradually, 
and  at  different  points,  the  eye  does  not  without  difficulty  recognise 
the  termination  of  any  one  stratum,  but  usually  supposes  it  continuous 
with  some  other,  which  at  a  short  distance  may  lie  precisely  in  the 
same  plane.  The  slight  undulations,  moreover,  produced  by  inequali- 
ties on  the  sides  of  the  hill  on  which  the  successive  layers  were 
moulded,  assist  the  deception.  As  countless  beds  of  sand  and  scoriae 
constitute  the  greater  part  of  the  whole  mass,  these  may  sometimes 
mantle  continuously  round  the  whole  cone ;  and  even  lava  streams  may 
be  of  considerable  breadth  when  first  they  overflow,  and  since,  in  some 
eruptions,  a  considerable  part  of  the  upper  portion  of  the  cone  breaks 
down  at  once,  may  form  a  sheet  extending  as  far  as  the  space  which 
the  eye  usually  takes  in,  in  a  single  section. 

The  high  inclination  of  some  of  the  beds,  and  the  firm  union  of  the 
particles  even  where  there  is  evidently  no  cement,  is  another  striking 
feature  in  the  volcanic  tuffs  and  breccias,  which  seems  at  first  not  very 
easy  of  explanation.  But  the  last  great  eruption  afforded  ample  illos- 
tration  of  the  manner  in  which  these  strata  are  formed.  Fragments  of 
lava,  scoriae,  pumice,  and  sand,  when  they  fall  at  slight  distances  from  the 
summit,  are  only  half  cooled  down  from  a  state  of  fusion,  and  are  after- 
wards acted  upon  by  the  heat  from  within,  and  by  fumeroles  or  small 
crevices  in  the  cone  through  which  hot  vapors  are  disengaged.  Thus 
heated,  the  ejected  fragments  cohere  together  strongly ;  and  the  whole 
mass  acquires  such  consistency  in  a  few  days,  that  fragments  cannot  be 
detached  without  a  smart  blow  of  the  hammer.  At  the  same  time  sand 
and  scoriae,  ejected  to  a  greater  distance,  remain  incoherent.* 

•  MoDticelli  and  Covelli,  Storia  di  Fenoa  del  Yesav.  eo  ISSl-tt. 
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Sir  William  Hamilton,  in  his  description  of  the  eruption  of  1779» 
says  that  jets  of  liquid  lava,  mixed  with  stones  and  scoris,  were  thrown 
up  to  the.  height  of  at  least  ten  thousand  feet,  having  the  appearance  of 
a  column  of  fire.*  Some  of  these  were  directed  by  the  winds  towards 
Ottajano,  and  some  of  them  falling  almost  perpendicularly,  still  red-hot 
and  liquid,  on  Yesuvins,  covered  its  whole  cone,  part  of  the  mountain 
of  Somma,  and  the  valley  between  them.  The  falling  matter  being 
nearly  as  vividly  inflamed  as  that  which  was  continually  issuing  fresh 
from  the  crater,  formed  with  it  one  complete  body  of  fire,  which  could 
not  be  less  than  two  miles  and  a  half  in  breadth,  and  of  the  extraordi- 
nary height  above  mentioned,  casting  a  heat  to  the  distance  of  at  least 
six  miles  round  it.  Dr.  Clarke,  also,  in  his  account  of  the  eruption  of 
1793,  says  that  millions  of  red-hot  stones  were  shot  into  the  mr  full 
half  the  height  of  the  cone  itself,  and  then  bending,  fell  all  round  in  a 
fine  arch.  On  another  occasion  he  says  that,  as  they  fell,  they  covered 
nearly  half  the  cone  with  fire. 

The  same  author  has  also  described  the  different  appearance  of  the 
lava  At  its  source,  and  at  some  distance  from  it,  when  it  had  descended 
into  the  plains  below.  At  the  point  where  it  issued,  in  1793,  from  an 
arched  chasm  in  the  side  of  the  mountain,  the  vivid  torrent  rushed 
with  the  velodty  of  a  flood.  It  was  in  perfect  fusion,  unattended  with 
any  scoriae  on  its  surface,  or  any  gross  materials  not  in  a  statd  of  com- 
plete solution.  It  flowed  with  the  translucency  of  honey,  "  in  regular 
channels,  cut  finer  than  art  can  imitate,  and  glowing  with  all  the  splen- 
dor of  the  sun." — **  Sir  William  Hamilton,**  he  continues,  "  had  con- 
ceived that  no  stones  thrown  upon  a  current  of  lava  would  make  any 
impression.  I  was  soon  convinced  of  the  contrary.  Light  bodies, 
indeed,  of  five,  ten,  and  fifteen  pounds'  weight,  made  little  or  no  im- 
pression even  at  the  source ;  but  bodies  of  sixty,  seventy,  and  eighty 
pounds  were  seen  to  form  a  kind  of  bed  on  the  surface  of  the  lava,  and 
float  away  with  it.  A  stone  of  three  hundred  weight,  that  had  been 
thrown  out  by  the  crater,  lay  near  the  source  of  the  current  of  lava :  I 
raised  it  upon  one  end,  and  then  let  it  fall  in  upon  the  liquid  lava ; 
when  it  gradually  sunk  beneath  the  surface,  and  disappeared.  If  I 
wished  to  describe  the  manner  in  which  it  acted  upon  the  lava,  I  should 
say  that  it  was  like  a  loaf  of  bread  thrown  into  a  bowl  of  very  thick 
honey,  which  gradually  involves  itself  in  the  heavy  liquid,  and  then 
slowly  sinks  to  the  bottom. 

**  The  lava,  at  a  small  distance  from  its  source,  acquires  a  darker  tint 
upon  its  surface,  is  less  easily  acted  upon,  and,  as  the  stream  widens, 
the  surface,  having  lost  its  state  of  perfect  solution,  grows  harder  and 
harder,  and  cracks  into  innumerable  fragments  of  very  porous  matter, 
to  which  they  give  the  name  of  scoriae,  and  the  appearance  of  which 
has  led  many  to  suppose  that  it  proceeded  thus  from  the  mountain. 
There  is,  however,  no  truth  in  this.     All  lava,  at  its  first  exit  from  its 

*  Oampi  PhlegreL 
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native  volcano,  flows  •ut  in  a  liqiud  state,  and  all  equally  in  fusion. 
The  appearance  of  the  scoria  is  to  be  attiibuted  only  to  the  action  of 
the  external  air,  and  not  to  any  difference  in  the  materials  vhich  com- 
pose it,  since  any  lava  whatever,  separated  from  its  channel,  and  ex- 
posed to  the  action  of  the  external  air,  immediately  cracks,  becomes 
porous,  and  alters  its  form.  As  we  proceeded  downwards,  this  b^oame 
more  and  more  evident ;  and  the  same  lava  which  at  its  original  source 
flowed  in  perfect  solution,  undivided,  and  free  from  incumbrances  of 
any  kind,  a  little  farther  down  had  its  surface  loaded  with  sooiioe  in 
such  a  manner,  that,  upon  its  arrival  at  the  bottom  of  the  mountam, 
the  whole  current  resembled  nothing  so  much  as  a  heap  of  unconnected 
cinders  from  an  iron-foundry."  In  another  place  he  says  that "  the  rivers 
of  laVa  in  the  plain  resembled  a  vast  heap  ci  cinders,  or  the  scorise  of 
an  iron-foundry,  rolling  slowly  along,  and  falling  with  a  rattling  noise 
over  one*  another.'^*  Yon  Bueh,  who  was  in  company  with  MM.  de 
Humboldt  and  Gay-Lussac,  describes  the  lava  of  1806  (the  most  fluid 
on  record)  as  shootii^  suddenly  before  their  eyes  from  top  to  bottom 
of  the  cone  in  one  single  instant  Professor  J.  D.  Forbes  remarks  that 
the  length  of  the  slope  of  the  cone  proper  being  about  1300  feet,  this 
motion  must  correspond  to  a  velocity  of  many  hundred  feet  in  a  few 
seconds,  without  interpreting  Von  Buch*s  expression  literally.  The 
same  lava,  when  it  reached  the  level  road  at  Torre  del  Greco,  moved  at 
the  rate  of  only  eighteen  inches  per  minute,  or  three-tenths  of  an  inch 
per  second.f  "  Although  common  lava,"  observes  Professor  Forbes, 
"  is  nearly  as  liquid  as  melted  iron,  when  it  issues  from  the  orifice  of  the 
crater,  its  fluidity  rapidly  diminishes,  and  as  it  becomes  more  and  more 
burdened  by  the  consolidated  slag  through  which  it  has  to  force  its 
way,  its  velocity  of  motion  diminbhes  in  an  almost  inconceivable  d^ree; 
and  at  length,  when  it  ceases  to  present  the  slightest  external  trace  of 
fluidity,  its  movement  can  only  be  ascertained  by  careful  and  repeated 
observations,  just  as  in  the  case  of  a  glacier. "| 

It  appears  that  the  intensity  of  the  light  and  heat  of  the  lava  varies 
considerably  at  different  periods  of  the  same  eruption,  as  in  that  of 
Vesuvius  in  1819  and  1820,  when  Sir  H.  Davy  remarked  different 
degrees  of  vividness  in  the  white  heat  at  the  pomt  where  the  lava 
originated.§ 

When  the  expressions  ''flame"  and  ''smoke"  are  used  in  describing 
volcanic  appearances,  they  must  generally  be  understood  in  a  figurative 
sense.  We  are  informed,  indeed,  by  M.  Abich,  that  he  distinctly  saw, 
in  the  eruption  of  Vesuvius  in  1834,  the  flame  of  burning  hydrogen  ;| 
but  what  is  usually  mistaken  for  flame  consists  of  vapor  or  acorisB,  and 
impalpable  dust  illuminated  by  that  vivid  light  which  is  emitted  from 
the  crater  below,  where  the  lava  is  said  to  glow  with  the  splendor  of 

»  Otter's  Life  of  Dr.  Clarke.  t  ^^  ^^'■'aiM.  184S,  p.  164 

tibid.  p.  148.  §  Ibid  p.  241. 

Bulletin  de  la  Soc  O^ol  de  France,  torn,  vil  p.  48 ;  and  lUuBtratioiiB  of  Ye- 
tavios  and  Etna,  p.  8. 
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the  son.  The  clouds  of  appsreni  smoke  are  formed  either  of  aqueous 
and  other  yapor,  or  of  finely  eomminuted  scoria). 

Dikes  in  the  recent  cone^  how  formed.'^The  incUned  strata  before 
mentioned  which  dip  outwards  in  all  directions  from  the  aiis  of  the 
cone  of  Vesuvius,  are  intersected  by  reins  or  dikes  -  of  compact  lava,  for 
the  most  part  in  a  vertical  position.  In  1828  these  were  seen  to  be 
about  sQven  in  number,  some  of  them  not  less  than  four  or  five  hundred 
feet  in  height,  and  thinnmg  out  before  they  readied  the  uppermost  part 
of  the  conci  Being  harder  than  the  beds  through  which  they  pass, 
they  have  decomposed  less  rapidly,  and  therefore  stand  out  in  relief. 
When  I  visited  Vesuvius,  in  November,  1828, 1  was  prevented  from 
descending  into  the  crater  by  the  constant  ejections  then  thrown  out ; 
so  that  I  got  sight  of  three  only  ci  the  dikes ;  but  Signer  Monticelli  had 
previously  had  drawings  made  of  the  whole,  which  he  showed  me.  The 
dikes  which  I  saw  were  on  that  side  of  the  cone  which  is  encircled  by 
Somma.  The  eruption  before  mentioned,  of  1828,  began  in  March,  and 
in  the  November  following  the  ejected  matter  had  filled  up  nearly  one- 
third  of  the  deep  abyss  formed  at  the  close  of  the  eruptbn  of  1 822«  In 
November  I  found  a  single  black  cone  at  the  bottom  of  the  crater  con- 
tinually throwing  out  scorifle,  while  on  the  exterior  of  the  cone  I  ob- 
served the  lava  of  1822,  which  had  flowed  out  six  years  before,  not  yet 
cool,  and  still  evolving  much  heat  and  vapor  from  crevices. 

Hoffmann,  in  1832,  saw  on  the  north  side  of  Vesuvius,  near  the 
peak  called  Palo,  a  great  many  parallel  bands  of  lava,  some  from  ux  to 
dght  feet  thick,  alternating  with  scoriae  and  conglomerate.  These  beds, 
he  says,  were  cut  through  by  many  dikes,  some  of  them  five  feet  broad. 
They  resemble  those  of  Somma,  the  stone  being  composed  of  grains  ot 
leucite  and  augite.* 

,  There  can  be  no  doubt  that  the  dikes  above  mentioned  have  been 
produced  by  the  filling  up  of  open  fissures  with  liqcdd  lava ;  but  of  the 
date  of  their  formation  we  know  nothing  farther  than  that  they  are  all 
subsequent  to  the  year  79,  and,  relatively  speaking,  that  they  are  more 
modem  than  all  the  lavas  and  scoriae  which  they  intersect.  A  consid- 
erable number  of  the  upper  strata  are  not  traversed  by  them.  That  the 
earthquakes,  which  almost  invariably  precede  eruptions,  occasion  rents 
in  the  mass,  is  well  known ;  and,  in  1822,  three  months  before  the  lava 
flowed  out,  open  fissures,  evolving  hot  vapors,  were  numerous.  It  is 
clear  that  such  rents  must  be  ejected  with  melted  matter  when  the  col- 
umn of  lava  rises,  so  that  the  origin  of  the  dikes  is  easily  expluned,  as 
also  the  great  solidity  and  cystalline  nature  of  the  rock  composing  them, 
wliich  has  been  formed  by  lava  cooling  slowly  under  great  pressure. 

It  has  been  suggested  that  the  frequent  rending  of  volcanic  cones 
during  eruptions  may  be  connected  with  the  gradual  and  successive 
upheaval  of  the  whole  mass  in  such  a  manner  as  to  increase  the  incli- 
nation of  the  beds  composing  the  cone ;  and  in  accordance  with  the 

*  OeogDOBt  BeobachtungeD,  Ac^  p.  182.    Berlin,  1889. 
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hypothesis  before  proposed  for  the  origin  of  Moote  Nuovo,  Yon  BucL 
supposes  that  the  present  cone  of  Yesuvius  was  formed  in  the  year  79» 
not  by  eruption,  but  by  upheaval.  It  was  not  produced  by  the  re- 
peated  superposition  of  scoriae  and  lava  cast  out  or  flowing  from  a  cen- 
tral source,  but  by  the  uplifting  of  strata  previously  horizontal.  The 
entire  cone  rose  at  once,  such  as  we  now  see  it,  from  the  interior  and 
middle  of  Somma,  and  has  since  received  no  accession  of  height,  but,  on 
the  contrary,  has  ever  fince  been  diminishing  in  elevation.* 

Although  I  consider  this  hypothesis  of  Yon  Buch  to  be  quite  untena- 
ble, I  may  mention  some  facts  which  may  at  first  sight  seem  to  favor  it. 
These  are  recorded  by  M.  Abich  in  his  account  of  the  Yesuvian  erup- 
tions of  1833  and  1834,  a  work  illustrated  by  excellent  engravings  of 
the  volcanic  phenomena  which  he  witnessed.!  It  s^pears  that,  in  the 
year  1834,  the  great  crater  of  Yesuvius  had  been  filled  up  nearly  to  the 
top  with  laya,  which  had  consolidated  and  formed  a  level  and  unbroken 
plain,  except  that  a  small  cone  thrown  up  by  the  ejection  of  scorise  rose 
in  the  middle  of  it  like  an  island  in  a  lake.  At  length  this  plain  of  lava 
was  broken  by  a  fissure  which  passed  from  N.  E.  to  S.  W.,  and  along 
thb  line  a  great  number  of  minute  cone&  emitting  vapor  were  formed, 
rhe  first  act  of  formation  of  these  minor  cones  is  said  to  have  consisted 
of  a  partial  upheaval  of  beds  of  lava  previously  horizontal,  and  which 
had  been  rendered  flexible  by  the  Heat  and  tension  of  elastic  fluids,- 
which,  rising  from  below,  escaped  from  the  centre  of  each  new  monti- 
cule. There  Would  be  considerable  analogy  between  this  mode  of  ori- 
gin and  that  ascribed  by  Yon  Buch  to  Yesuvius  and  Somma,  if  the 
dimensions  of  the  upraised  masses  were  not  on  so  different  a  scale,  and 
if  it  was  safe  to  reason  from  the  inflation  of  bladders  of  \ialf-fused  lava, 
from  fifteen  to  twenty-five  feet  in  height,  to  mountains  attaining  an  alti- 
tude of  several  thousand  feet,  and  having  their  component  strata  strength* 
ened  by  intersecting  dikes  of  solid  lava. 

At  the  same  time  M.  Abich  mentions,  that  when,  in  August,  1834, 
a  great  subsidence  took  place  in  the  platform  of  lava  within  the  great 
crater,  so  that  the  structure  of  the  centra]  cone  was  laid  open,  it  was 
seen  to  have  been  evidently  formed,  not  by  upheaval,  but  by  the  fall 
of  cinders  and  scoriae  which  had  been  thrown  out  during  successive 
eruptions.^ 

Previous  to  the  year  79,  Yesuvius  appears,  from  the  description  of 
its  figure  given  by  Strabo,  to  have  been  a  truncated  cone,  having  a  level 
and  even  outline  as  seen  from  a  distance.  That  it  had  a  crater  on  its 
summit,  we  may  infer  from  a  passage  in  Plut&rch,  on  which  Dr.  Daa- 
beny  has  judiciously  commented  in  his  treatise  on  volcanoes.§  The  walls 
of  the  crater  were  evidently  entire,  except  on  one  side,  where  there  was 
a  single  narrow  breach.    When  Spartacus,  in  the  year  12,  encamped  hia 

*  Yon  Bach,  Deacrip.  Phya  des  IleB  Oanaries,  p.  842.    Paris,  1886. 

f  Vues  Illasi  de  Pb^nom.  G^ol  Obeerv.  lur  le  Ydsuve  et  r£tna.    Berlin  18S1 

i  Ibid.  p.  2. 

§  2d  edit  1848,  p.  21ft. 
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gladiators  in  this  hollow,  Clodius,  the  pnetor,  besieged  him  there,  keep* 
mg  the  single  outlet  carefully  guarded,  and  then  let  down  his  soldiers 
by  scaling-ladders  ouer  the  steep  precipices  which  surrounded  the  era- 
ter,  at  the  bottom  of  which  the  insurgents  were  encamped.  On  the 
side  towards  the  sea,  the  walls  of  this  original  cavity,  which  must  haye 
been  three  nules  in  diameter,  have  been  destroyed,  and  Brieslak  was  the 
first  to  announce  the  opinion  that  this  destruction  happened  during  the 
tremendous  eruption  which  occuirred  m  79,  when  the  new  cone,  now 
called  Vesuvius,  was  thrown  up,  which  stands  encircled  on  three  sides 
by  the  ruins  of  the  ancient  cone,  called  Monte  Somma. 

In  the  annexed  diagram  (fig.  45)  it  will  be  seen  that  on  the  side  of 
Yesdvius  op}y>site  to  that  where  a  portion  of  the  ancient  cone  of  Somma 
(a)  still  remains,  is  a  projection  (6)  called  the  Pedamentina,  which  some 


Supposed  section  of  Yesavios  and  Somi 


a,  Monte  Somnus  or  the  remains  of  the  ancient  cone  of  Tesarlnai 

&,  The  Pedamentina,  a  terrace-like  prqjectlon,  encircling  the  base  of  the  recent  eono  of  Yesa 
Tins  on  the  south  side. 
a  Atrlo  del  Gavallo.* 
a,  «,  Crater  left  by  emption  of  1829. 

/  Small  cone  thrown  up  in  ISSS,  at  the  bottom  of  the  great  crater. 
a^Ot  Dikes  intersecting  Somma. 
A,  A,  Dikes  intersecting  the  recent  cone  of  Yesayiusi 

have  supposed  to  be  part  of  the  circumference  of  the  ancient  crater 
broken  down  towards  the  sea,  and  over  the  edge  of  which  the  lavas  of 
the  modem  Vesuvius  have  poured ;  the  axis  of  the  present  cone  of  Ve- 
suvius being,  according  to  Visoonti,  precisely  equidistant  from  the 
escarpment  of  Somma  and  the  Pedamentina. 

In  the  same  diagram  I  have  represented  the  slanting  beds  of  the  cone 
of  Vesuvius  as  becoming  horizontal  in  the  Atrio  del  Cavallo  (at  c), 
where  the  base  of  the  new  cone  meets  the  precipitous  escarpment  of 
Somma ;  for  when  the  lava  flows  down  to  this  point,  as  happened  in 
1822,  its  descending  course  is  arrested,  and  it  then  runs  in  another 
direction  along  thb  small  valley,  circling  round  the  base  of  the  cone. 
Sand  and  scorise,  also,  blown  by  the  winds,  collect  at  the  base  of  the 
cone,  and  are  then  swept  away  by  torrents ;  so  that  there  is  always 
here  a  fiattish  plain,  as  represented.     In  the  same  manner,  the  small 

.*  So  called  from  travellers  leaving  their  horses  and  mules  there  when  they 
prepare  to  ascend  the  cone  on  foot. 
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mterior  cone  (/)  mmt  be  composed  of  sloping  beds,  terminating  in  a 
horizontal  plain ;  for,  while  this  monticule  was  gradually  gaining  height 
by  successive  ejections  of  lava  and  scorise,  in  1828,  it  was  always  ma- 
ixranded  by  a  flat  pool  of  semi-fluid  lava,  into  which  sooiiss  and  sand 
were  throwQ. 

In  the  steep  simiureular  escarpment  of  Somma,  which  faces  the 
modern  VesuTius,  we  see  a  great  number  of  sheets  of  lava  inchned  at 
an  angle  of  about  26*.  They  alternate  with  sccrue,  and  are  intersected 
by  numerous  dikes,  which,  like  the  sheets  of  lava,  are  composed  chiefly 
of  augite,  with  crystals  of  leucite,  but  the  rock  in  the  dikes  is  more 
compact,  having  cooled  and  consolidated  under  greater  press  ure.  Some 
of  the  dikes  cut  through  and  shift  others,  so  that  they  have  evidently 
been  formed  during  successive  eruptions.  While  the  higher  region  of 
Somma  b  made  up  of  these  igneous  products,  there  appear  on  its  flanks, 
for  some  depth  from  the  surface,  as  seen  in  a  ravine  called  the  "  Fossa 
Grande,"  beds  of  white  pumiceous  tuff,  resemblmg  the  tuff  which,  at 
Paunlippo,  and  other  places,  near  Naples,  contain  shells  of  living 
Mediterranean  species.  It  is  supposed  by  Pilla,  Yon  Buch,  and  others, 
that  the  tufaceous  beds,  which  rise  in  Somma  to  more  than  half  the 
height  of  that  mountam,  are,  in  like  manner,  of  submarine  origin,  be- 
cause a  few  sea-shells  have  been  found  in  them,  here  and  there,  to- 
gether with  serpuls  of  recent  species  attached  to  included  blocks  of 
limestone.* 

It  is  contended,  therefore,  that  as  these  strata  were  once  accumulated 
beneath  the  sea,  they  may  have  been  subjected  as  they  rose  to  such  an 
upward  movement  as  may  have  given  rise  to  a  conical  hill ;  and  this 
hypothesis,  it  is  said,  acquires  confirmation  from  the  fact,  that  the  sheets 
of  lava  near  the  summit  of  Somma  are  so  compact  and  crystalline,  and 
of  such  breadth  individually,  as  would  not  have  been  the  case  had  they 
run  down  a  steep  slope.  They  must,  therefore,  have  consolidated  on  a 
nearly  level  surface,  and  have  been  subsequently  uplifted  mto  their  pres- 
ent inclined  position. 

Unfortunately  there  are  no  sections  of  sufficient  depth  and  continuity 
on  the  flanks  of  Somma,  to  reveal  to  us  clearly  the  relations  of  the 
lava,  scorie,  and  associated  dikes,  forming  the  highest  part  of  the 
mountain,  irith  the  marine  tufis  observed  on  its  declivity.  Both 
may,  perhaps,  have  been  produced  contemporaneously  when  Somma 
raised  its  head,  like  Btromboli,  above  the  sea,  its  sides  and  base  being 
then  submerged.  Such  a  state  of  things  may  be  indicated  by  a  fact 
noticed  by  Von  Buch,  namely,  that  the  pumiceous  beds  of  Naples, 
when  they  approach  Somma,  contain  fragments  of  the  peculiar  leucitic 
lava  proper  to  that  mountain,  which  are  not  found  in  the  same  tuff  at  a 
greater  distance.f    Portions,  therefore,  of  this  lava  were  either  throwt 

»  DaMnoy,  M^m.  pow  servir  a  une  Desorip.  06qL  de  la  France,  torn,  if 
f  Deicrip.  Fhyn  det  Bes  Canaries,  p.  844. 
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out  by  ez]^06ioB8,  or  torn  off  by  the  waves,  duriog  the  depoaitlon  of  the 
pomioeons  strata  beneath  the  sea. 

We  have  as  yet  but  a  scanty  acquaintance  with  the  laws  which  reg* 
nlate  the  flow  of  kva  beneath  water,  or  the  anangement  of  scorias  and 
Yolcanic  dost  on  the  sides  of  a  submarine  cone.  There  can,  however, 
be  little  doubt  that  showers  of  ejected  matter  may  settle  on  a  steep 
slope,  and  may  include  shells  and  Uie  remains  of  aquatic  animals,  which 
flourish  in  the  intervals  between  eruptions.  Lava  under  the  pressure  of 
water  would  be  less  porous ;  but,  as  Dr.  Daubeny  soggests,  it  may 
retain  its  fluidity  longer  than  in  the  open  air ;  lor  the  rapidity  with 
which  heated  bodies  are  cooled  by  being  plunged  into  water  arises 
chiefly  from  the  conversion  of  the  lower  portions  <^  water  into  steam> 
which  steam  absorUng  much  heat,  immediately  ascends,  and  is  recon* 
verted  into  water.  But  under  the  pressure  of  a  deep  ocean,  the  heat 
of  the  lava  would  be  carried  off  more  slowly,  and  only  by  the  circula- 
tion of  ascending  and  descending  currents  c^  water,  those  portions  near- 
est the  source  <^  heat  becoming  specifically  light,  and  consequently  dis- 
placing the  water  above.  This  kind  of  circulation  would  take  place 
with  much  less  rapidity  than  in  the  atmosphere^  inasmuch  as  the  ex** 
pansion  of  water  by  equal  increments  of  heat  is  less  considerable  than 
that  of  air.* 

We  learn  from  the  valuable  observations  made  by  Mr.  Dana  on  the 
active  volcanoes  of  the  Sandwich  Islands,  that  large  sheets  of  compact 
besaltio  lava  have  been  poured  out  of  craters  at  the  top  or  near  the  sum* 
mits  of  flattened  domes  higher  than  Etna,  as  in  the  case  of  Mount  Loa 
for  example,  where  a  copious  stream  two  miles  broad  and  twenty-five* 
mfles  long  proceeded  from  an  opening  13,000  feet  above  the  level  of  the 
sea.  The  usnal  slope  of  these  sheets  of  lava  is  between  6^  and  10^; 
but  Mr.  Dana  convinced  himself  that,  owing  to  the  suddenness  with  which 
they  cool  in  the  air,  some  lavas  may  occasionally  form  on  slopes  equalling 
25^  and  still  preserve  a  considerable  compactness  of  texture.  It  is  even 
proved,  he  says,  from  what  he  saw  in  the  great  lateral  crater  of  Kilauea, 
on  the  flanks  of  Mount  Loa,  that  a  mass  of  such  melted  rock  may  con- 
solidate at  an  inclination  of  30^  and  be  continuous  for  300  or  400  feet 
Such  masses  are  narrow,  he  admits,  *'  but  if  the  source  had  been  more 
generous,  they  would  have  had  a  greater  breadth,  and  by  a  succession 
of  ejections  overspreading  each  cooled  layer,  a  conaderable  thickness 
might  have  been  attained."!  The  same  author  has  also  shown,  as  be- 
fore mentioned,  that  in  the  "  cinder  cones"  of  the  Sandwich  Islands,  the 
strata  have  an  original  inclination  of  between  35°  and  40°.| 

Mr.  Scrope,  wriUng  in  1827,  attributed  the  formation  of  a  volcank 
cone  chiefly  to  matter  ejected  from  a  central  orifice,  but  partly  to  the 
mjectbn  of  lava  into  dikes,  and  "  to  that  force  of  gaseous  expansion,  the 

*  See  Daabenjr's  Volcanoes,  p.  400. 

j  GeoL  of  Atnericaa  Explor.  Exped.  p.  869,  note.  Mr.  Dana  infonned  me 
(Sept  1862),  that  an  angle  of  60°  instead  of  80^  was  giren  by  mistake  in  hie 
work.  t  Ibid,  p  864. 
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intensity  of  which,  in  the  central. parts  of  the  cone,  b  attested  by  local 
earthquakes,  which  so  often  accompany  eruptions.*  It  is  the  opinion 
of  MM.  Yon  Buch,  De  Beaumont,  and  "DuMmoj,  that  the  sheets  of 
laya  on  Somma  are  so  uniform  and  compact,  that  their  original  bclina- 
tion  did  not  exceed  four  or  five  degrees,  and  that  four-fifths,  therefore, 
of  their  present  slope  is  due  to  their  having  been  subsequently  tilted 
and  upraised.  Notwithstanding  the  light  thrown  by  M.  de  Beaumont 
on  the  laws  regulating  the  flow  and  consolidation  of  lava,  I  do  not  con- 
ceive that  these  Idws  are  as  yet  sufficiently  determined  to  warrant  us  in 
assigning  so  much  of  the  inclined  position  of  the  beds  of  Somma  to  the 
subsequent  rending  and  dislocation  of  the  cone.  Even  if  this  were  ad- 
mitted, it  is  far  more  in  harmony  with  the  usual  mode  of  development 
of  volcanic  forces  to  suppose  the  movement  which  modified  the  shape  of 
the  cone  to  have  been  intermittent  and  gradual,  and  not  to  have  con- 
sisted of  a  single  effort,  or  one  sudden  and  violent  convulsion.f 

Vesuvian  lavna. — The  lavas  of  Somma  are  characterized  by  contain- 
ing disseminated  crystals  of  leucite  (called,  by  the  French,  amphigdne), 
a  mineral  said  to  be  very  rare  in  the  modem  lavas  of  Vesuvius,  which 
are  in  general  much  more  scoriaceous  and  less  crystalline  than  those  of 
Somma.]; 

At  the  fortress  near  Torre  del  Greco  a  section  is  exposed,  fifteen  feet 
in  height,  of  a  current  which  ran  into  the  sea ;  and  it  evinces,  especially 
m  the  lower  part,  a  decided  tendency  to  divide  into  rude  columns.  A 
still  more  striking  example  may  be  seen  to  the  west  of  Torre  del  An- 
nunziata,  near  Forte  Scassato,  where  the  mass  is  laid  open  to  the  depth 
of  twienty  feet.  In  both  these  cases,  however,  the  rock  may  rather  be 
said  to  be  divided  into  numerous  perpendicular  fissures,  than  to  be  pris- 
matic, although  the  same  picturesque  effect  is  produced.  In  the  lava- 
currents  of  Central  France  (those  of  the  Yivarais,  in  particular),  the 
uppermost  portion,  often  forty  feet  or  more  in  thickness,  is  an  amorphous 
mass  passing  downwards  into  lava  irregularly  prismatic ;  and  under  this 
there  is  a  foundation  of  regular  and  vertical  columns ;  but  these  lavas 
B^e  often  one  hundred  feet  or  more  in  thickness.  We  can  scarcely  ex- 
pect to  discover  the  same  phenomenon  in  the  shallow  ciuxents  of  Vesu- 
vius, where  the  lowest  part  has  cooled  more  rapidly,  although  it  may 
be  looked  for  m  modem  streams  in  Iceland,  which  exceed  even  those  of 
ancient  France  in  volume. 

Mr.  Scrope  mentions  that,  in  the  cliffs  encircling  the  modem  crater 
of  Vesuvius,  he  saw  many  currents  offering  a  columnar  division,  and  some 
almost  as  regularly  prismatic  as  any  ranges  of  the  older  basalts ;  and 
he  adds,  that  in  some  the  spheroidal  concretionary  stracture,  oi|  a  large 
scale,  was  equally  conspicuous.§     BrieslakJ  also  informs  us  that,  in  the 

*  OeoL  Tryia  2d  aeries,  voL  IL  p.  841. 

t  See  a  paper  by  the  Author  on  "  Craters  of  Denudation,"  Quart  Joum,  Geoi 
Soc;  1860. 
t  Dufr^noj,  M^m.  pour  lerrir,  Ac  torn.  iv.  p.  285. 
I  Jouroal  of  Scieuee,  toL  xy.  p.  177. 
I  Voy.  dans  la  Campanie,  tome  I  p.  201. 
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iOieeoiis  lava  of  I79t,  whicb  coataina  augite,  lenciie*  and  crystab  of 
Mspar^  he  found  very  regoiar  prisma  in  a  quany  near  Torre  del  Greco ; 
an  obfier^sikm  confinned  by  modem  authorities.* 

EJfetU  of  deeompoM&n  en  lawu, — ^^e  decomposition  of  some  of  the 
fekpathic  lavas,  ehher  by  sample  weathering,  or  by  gaseous  emanations, 
conrerts  them  from  a  hard  to  a  soft  clayey  state,  so  that  they  no  longer 
retain  the  smallest  resemblance  to  ro<^  cooled  dovfl  from  a  state  of 
fusion.  The  exhalations  of  sulphuretted  hydrogen  and  muriatic  acid, 
which  are  disengaged  continually  from  the  Solfatara»  also  produce  curious 
changes  on  the  trachyte  of  that  nearly  extinct  volcano:  the  rocic  is 
Ueached,  and  becomes  porous,  fissile,  and  honey-combed,  till  at  length 
it  crumbles  into  a  white  siticeous  powder.f  Numerous  globular  con- 
eretioiis,  composed  of  concentric  lamin»,  are  also  formed  by  the  same 
vapors  in  this  decomposed  rock.^ 

Vesuvian  minerals. — ^A  great  variety  of  minerals  are  found  in  the 
kvaa  of  Vesuvius  and  Somma;  augite,  leucite,  felspar,  mica,  olivme, 
and  sulphur  are  most  abundant.  It  is  an  extraordinary  fact,  that  in  an 
area  of  three  square  miles  round  Vesuvius,  a  greater  number  of  simple 
minerals  have  been  found  than  in  any  spot  of  the  same  dimensions  on 
the  surface  of  the  globe.  H&uy  enumerated  only  380  species  of  simple 
minerals  as  known  to  him ;  and  no  less  than  dghty-two  had  been  found 
on  Vesuvius  and  in  the  tuflfo  on  the  flanks  of  Somma  before  the  end  of 
the  year  1828.§  Many  of  these  are  peculiar  to  that  locality.  Some 
mineradogists  have  conjectured  that  the  greater  part  of  these  were  not 
of  Vesuvian  origin,  but  thrown  up  in  fragments  from  some  older  forma- 
tion, through  which  the  gaseous  explosions  burst.  But  none  of  the 
older  rocks  in  Italy,  or 'elsewhere,  contain  such  an  assemblsge  of  min- 
eral products ;  and  the  hypothesis  seems  to  have  been  prompted  by  a 
disinclination  to  admit  that,  in  times  so  recent  in  the  earth's  history, 
the  laboratory  of  nature  could  have  been  so  prolific  in  the  creation  of 
new  and  rare  compounds.  Had  Vesuvius  been  a  volcano  oi  high  anti- 
quity, formed  when  nature 

Wantoii'd  as  in  her  prime,  and  play'd  at  will 
Her  virgin  fancies, 

it  would  have  been  readily  admitted  that  these,  or  a  much  greater  va- 
riety of  substances,  had  been  sublimed  in  the  crevices  of  lava,  just  as 
several  new  earthy  and  metallic  compounds  are  known  to  have  been 
produced  by  fumeroles,  since  the  eruption  of  1822. 

Mas8  enveloping  Herculaneum  and  Pompeii, — ^In  addition  to  the 
ejections  which  fall  on  the  cone,  and  that  much  greater  mass  which 
finds  its  way  gradually  to  the  neighboring  sea,  there  is  a  third  portion, 
often  of  no  inconsiderable  thickness,  composed  of  alluviums,  spread  ovei 
ihe  valleys  and  phiins  at  small  distances  from  the  volcano.    Aqueoui 

*  Mr.ForbM,  EduL  Joam.  of  SoL  Na  ZTiil  Oct  1828. 

f  Danbeny  on  Voloanoei,  p.  169. 

Z  Scrope,  GeoL  TrsM.  aeoond  series,  vol.  it  p.  846. 

%  MontieeUi  and  Govelti,  Plrodfom.  deUa  WsaanX.  Vesar. 
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vapors  are  evolved  copiously  from  volcanic  craters  during  eruptioDS; 
and  often  for  a  long  time  subsequently  to  the  dischaige  of  scone  and 
lava :  these  vapors  are  condensed  in  the  cold  atmosphere  tiurrounding 
the  high  volcanic  peak,  and  heavy  rains  are  thus  caused.  The  floods 
thus  occasioned,  sweep  along  the  impalpable  dust  and  light  scoriae,  till 
a  current  of  mud  is  produced,  which  is  called  in  Campania  '*  lava  d' 
aoqua,"  and  is  often  more  dreaded  than  an  igneous  stream  (lava  di  fuo- 
co),  from  the  greater  velocity  with  which  it  moves.  So  late  as  the  27th 
of  October,  1822,  one  of  these  alluviums  descended  the  cone  of  Vesu- 
vius, and,  after  overspreading  much  cultivated  soil,  flowed  suddenly 
into  the  villages  of  St.  Sebastian  and  Massa,  where,  filling  the  streets 
and  interior  of  some  of  the  houses,  it  suffocated  seven  persons.  It  will, 
therefore,  happen  very  frequently  that,  towards  the  base  of  a  volcanic 
cone,  alternations  will  be  found  of  lava,  alluvium,  and  showers  of 
ashes. 

To  which  of  these  two  latter  divisions  the  mass  enveloping  Hercula- 
neum  and  Pompeii  should  be  referred,  has  been  a  question  of  the  keen- 
est controversy ;  but  the  discussion  might  have  been  shortened,  if  the 
combatants  had  reflected  that,  whether  volcanic  sand  and  ashes  were 
conveyed  to  the  towns  by  running  water,  or  through  the  air,  during  an 
eruption,  the  interior  of  buildings,  so  long  as  the  roofs  remain  entire, 
together  with  all  underground  vaults  and  cellars,  could  be  filled  only 
by  an  alluvium.  We  learn  from  history,  that  a  lieavy  shower  of  sand* 
pumice,  and  lapilli,  sufficiently  great  to  render  Pompeii  and  HemjJane* 
um  uninhabitable,  fell  for  eight  successive  days  and  nights  in  the  year 
79,  accompanied  by  violent  rains.*  We  ought,  therefore,  to  find  a  very 
close  resemblance  between  the  strata  covering  -these  towns  and  those 
composing  the  minor  cones  of  the  Phlegraean  Fields,  accumulated  rap 
idly,  like  Monte  Nuovo,  during  a  continued  shower  of  ejected  matter; 
with  this  difference  however,  that  the  strata  incumbent  on  the  cities 
would  be  horizontal,  whereas  those  on  the  cones  are  highly  inclined ; 
and  that  large  angular  fragments  of  rock,  which  are  thrown  out  near  ihe 
vent,  would  be  wanting  at  a  distance  where  small  lapilli  only  can  be 
found.  Accordingly,  with  these  exceptions,  no  identity  can  be  more 
perfect  than  the  form  and  distribution  of  the  matter  at  the  base  of 
Monte  Nuovo,  as  laid  open  by  the  encroaching  sea,  and  the  appearance 
of  the  beds  superimposed  on  Pompeii.  That  city  is  covered  with  nu- 
merous alternations  of  different  horizontal  beds  of  tuff  and  lapilli,  for  the 
most  part  thin,  and  subdivided  into  very  fine  layers.  I  observed  the 
following  section  near  the  amphitheatre,  in  November,  1828 — (descend- 
ing series) : — 

*  The  ^eat  eruption,  in  1822,  caused  a  ooyeriug  only  a  few  inchea  thick  on 
Pompeii  Several  feet  are  roentioued  by  Prof.  J.  D.  Forbe8.F~Ed  Joam.  of 
Science,  No.  zix  pk  181,  Jan.  1829.  Bat  he  must  have  meaaured  in  epots  where 
it  had  drifted.  The  dust  and  aehes  were  five  feet  thick  at  the  top  of  the  crater, 
and  decreased  ^adually  to  ten  inches  at  Torre  del  Annunaiata.  Hie  aise  and 
weight  of  the  ejected  -fragmente  diminished  very  regularly  in  ihe  sama  — ^^ — 
•ous  stratum,' as  the  distance  from  the  centre  of  projection  was  greater. 
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1   Black  sparkling  aand  from  the  eraption  of  1822,  ooDiaining 

minute  regularly  formed  crystala  of  augite  and  tornmaline  •  0  2^ 

2.  Vegetable  monld  -  -  -  -  •  -  8  0 

8.  Brown  incoherent  tuB,  full  of  puoiitie  plobuUi  in  layeri^  from 

half  an  inch  to  three  inchea  in  thicknesa  -16 

4.  Small  8Cori«  and  white  lapilli  -  -  -  -  0  8 

6.  Brown  earthj  tnfi^  with  namerooa  pisolitic  olobalea    -           -  0  9 
0.  Brown  earthy  tuf^  with  lapilli  diyided  intolayers       -           -  4  0 

7.  Layer  of  whitiah  lapilli  -  -  -  -  0  1 

8.  Gray  Bolid  tuflf  -  -  •  -  •  -  0  8 

9.  Pumice  and  white  lapilli  -  -  -  -  0  8 

10    8i 

Many  of  the  ashes  in  these  beds  are  vitrified,  and  harsh  to  the  touch. 
Crystals  of  leucite,  both  fresh  and  farinaceons,  have  been  found  inter- 
mixed.* The  depth  of  the  bed  of  ashes  above  the  houses  is  variable, 
but  seldom  exceeds  twelve  or  fourteen  feet,  and  it  is  smd  that  the  higher 
part  of  the  amphitheatre  always  projected  above  the  surface ;  though  if 
this  were  the  case,  it  seems  inexplicable  that  the  city  should  never  have 
been  discovered  till  the  year  1750.  It  will  be  observed  in  the  above 
section  that  two  of  the  brown,  half-consolidated  tuffs  are  filled  with  small 
pisolitic  globules.  This  circumstance  is  not  alluded  to  in  the  animated 
controversy  which  the  Royal  Academy  of  Naples  maintained  with  one 
of  their  members,  Signor  Lippi,  as  to  the  origin  of  the  strata  incumbent 
on  Pompeii.  The  mode  of  aggregation  of  these  globules  has  been  fully 
explained  by  Mr.  Scrope,  who  saw  them  formed  m  great  numbers  in 
1822,  by  rain  falting  during  the  eruption  on  fine  volcanic  sand,  and  some- 
times also  produced  like  hail  in  the  air,  by  the  mutual  attraction  of  the 
minutest  particles  of  fine  damp  sand.  Their  occurrence,  therefore,  agrees 
remarkably  well  with  the  account  of  heavy  rain,  and  showers  of  sand  and 
ashes  recorded  in  history  .f 

Lippi  entitled  his  work,  "  ¥ii  il  fuoco  o  V  acqua  che  sottei^  Pompei  ed 
Ercolano  ?"|  and  he  contended  that  neither  were  the  two  cities  destroyed 
in  the  year  79,  nor  by  a  volcanic  eruption,  but  purely  by  the  agency  of 
water  charged  with  transported  matter.  His  letters,  wherem  he  endeav- 
ored to  dispense,  as  far  as  possible,  with  igneous  agency,  even  at  the 
foot  of  the  volcano,  were  dedicated,  with  great  propriety,  to  Werner, 
and  afford  an  amusing  illustration  of  the  polemic  style  in  which  geologi- 
cal writers  of  that  day  indulged  themselves.  His  arguments  were  partly 
of  an  historical  nature,  derived  from  the  silence  of  contemporary  histo- 
rians, respecting  the  fate  of  the  cities,  which,  as  we  have  already  stated, 
is  most  remarkable,  and  partly  drawn  from  physical  proofs.  He  pointed 
out  with  great  clearness  the  resemblance  of  the  tufaceous  matter  in  the 
vaults  and  cellars  at  Herculaneum  and  Pompeii  to  aqueous  alluviums, 
and  its  distinctness  from  ejections  which  had  fallen  through  the  lir. 
Nothing,  he  observes,  but  moist  pasty  matter  could  have  received  the 
impression  of  a  woman's  breast,  which  was  found  in  a  vault  at  Pompeu, 

*  Fbrbea,  Ed.  Joora  of  Sd  No.  six.  p.  180,  Jan.  1839. 

t  Scrope,  OeoL  Trana  second  series,  vol  il  p.  846.  %  NapoU,  1818. 
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or  have  given  the  cast  of  a  statue  discovered  in  the  theatre  at  Hercula- 
neum.  It  was  objected  to  him,  that  the  heat  of  the  tuff  in  Hercolanenm 
and  Pompeii  was  proved  by  the  carbonization  of  the  timber,  com,  papy- 
rus-rolls, and  other  vegetable  substances  th^re  discovered ;  but  Lippi 
replied  with  truth,  that  the  papjrri  would  have  been  burnt  up  if  thev 
had  come  in  contact  with  fire,  and  that  their  bemg  only  carbonized  was 
a  clear  demonstration  of  their  having  been  enveloped,  like  fossO  wood, 
in  a  sediment  deposited  from  water.  The  Academicians,  in  their  report 
on  his  pamphlet,  assert,  that  when  the  amphitheatre  waa  first  cleared 
out,  the  matter  was  arranged  on  the  steps  in  a  succession  of  concave 
layers,  accommodating  themselves  to  the  interior  form  of  the  building, 
just  as  snow  would  lie  if  it  had  fallen  th^re.  This  observation  is  highly 
interesting,  and  points  to  the  difference  between  the  stratification  of  ashes 
in  an  open  building  and  d  mud  derived  from  the  same  in  the  interior  of 
edifices  and  cellars.  Nor  ought  we  to  call  the  allegation  in  questioD, 
because  it  could  not  be  substantiated  at  the  time  of  the  controyersy  after 
the  matter  had  been  all  removed ;  although  Lippi  took  advantage  of 
this  removal,  and  met  the  ailment  of  his  antagonists  by  requiring  them 
to  {M-ove  the  fact.  There  is  decuuve  evidence  that  no  stream  of  lava  has 
ever  reaehed  Pompeii  since  it  was  first  built,  although  the  foundations 
of  the  town  stand  upon  the  old  leiicitic  lava  of  Somma ;  several  streams 
of  which,  with  tuff  interposed,  had  been  cut  through  in  excavations. 

Infuiorial  beds  tovering  Ftmpeii, — ^A  most  singular  and  unexpected 
diseovery  has  been  recently  made  (1844-5)  by  Professor  Ehrenberg, 
respecting  the  remote  origin  of  many  of  the  layers  of  ashes  and  pumice 
enveloping  Pompeii.  They  are,  he  says,  in  great  part^  of  organic  and 
freshwater  origin,  consisting  of  the  siliceous  cases  of  microscopic  infuso- 
ria. What  is  still  more  surprising,  this  fact  proves  to  be  by  no  means 
an  isolated  or  solitary  example  of  an  mtimate  relation  between  oiganic 
life  and  the  results  of  volcanic  activity.  On  the  Blune,  several  b^  of 
tuff  and  pumioeous  conglomerate,  resembling  the  mass  incumbent  upon 
Pompeii  and  closely  connected  with  extinct  volcanoes,  are  now  ascer- 
tained to  be  made  up  to  tf  great  extent  of  the  siliceous  cases  of  infusoria 
(or  Diatomaces),  invisible  to  the  naked  eye,  and  often  half  fused.*  No 
less  than  .94  distinct  species  hare  already  been  detected  in  one  mass  of 
this  kind,  more  than  150  feet  thick,  at  Hochsimmer,  on  the  left  bank  of 
the  Rhine,  near  the  Laacher-see.  Some  of  these  Bhenish  infusorial 
accumulations  appear  to  have  fallen  in  showers,  others  to  have  been 
poured  out  of  lake-craters  in  the  form  of  mud,  as  in  the  Brohl  valley. 

In  Mexico,  Peru,  the  Isle  of  France,  and  several  other  volcanic  regions^ 
aaalogous  phenomena  h^^ve  been  observed,  and  everywhere  the  species 
of  infusoria  belong  to  freshwater  and  terrestrial  genera,  except  in  the 
case  of  the  Patagonian  pumiceous  tuffs,  specimens  of  which^  brought 

*  Not  a  few  of  the  omnic  bodies,  called  bv  Ehrenbeig  **infiuaria,''  mdi  u 
Galionella  and  BacUlaria,  nave  been  recently  claimed  by  many  botanbts  aa  be- 
longing to  the  vegetable  kingdom,  and  are  referred  to  the  dasaet  called  Diatoma« 
cei»  md.  DeamidiA. 
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home  by  Mr.  Darwin,  are  found  to  contain  the  remains  of  marine  ani- 
malcules* In  various  kinds  of  pumice  ejected  by  ▼olcanoes,  the  micro- 
scope  has  revealed  to  Professor  Ehrenberg  the  siliceous  cases  of  infusoria 
often  half  obliterated  by  the  action  of  heat,  and  the  fine  dust  thrown  out 
into  the  air  during  eruptions,  is  sometimes  referable  to  these  most  minute 
organic  substances,  brought  up  from  considerable  depths,  and  sometimes 
mingled  with  small  particles  of  vegetable  matter. 

In  what  manner  did  the  solid  coverings  of  these  most  minute  plants 
and  animalcules,  which  can  only  originate  and  increase  at  the  surface 
of  the  earth,  sink  down  and  penetrate  into  subterranean  cavities,  so  as 
to  be  ejected  from  the  volcanic  orifices  ?  We  lave  of  late  years  become 
&mtliar  with  the  fact,  in  the  process  of  boring  Arteskn  wdls,  that  the 
seeds  of  plants,  the  remams  of  insects,  and  even  small  hnh,  with  other 
organic  bodies,  are  carried  in  an  uninjured  state  by  the  underground 
circulation  of  waters,  to  the  depth  of  many  hundr^  feet  With  still 
greater  facility  in  a  volcanic  region  we  may  conjecture,  that  water  and 
mud  full  of  invisible  infusoria  may  be  sucked  down,  from  time  to  time; 
mto  subterranean  rents  and  hollows  in  cavernous  lava  which  has  been 
permeated  by  gases,  or  in  rocks  dislocated  by  earthquakes.  It  often 
happens  that  a  lake  which  has  endured  for  centuries  m  a  volcanic  crater, 
disappears  suddenly  on  the  approach  of  a  new  eruption.  Violent 
shocks  agitate  the  surrounding  region,  and  ponds,  rivers,  and  wells  are 
dried  up.  Large  cavities  far  below  may  thus  become  filled  with  fen- 
mud  chiefly  composed  of  the  more  indestructible  and  siliceous  portions 
of  infusoria,  destined  perhaps  to  be  one  day  ejected  in  a  fragmentary  or 
half-fused  state,  yet  without  the  obliteration  of  all  traces  of  organic 
structure.* 

Berculaneum. — It  was  remarked  that  no  lava  has  flowed  over  the 
site  of  Pompeii,  since  that  city  was  built,  but  with  Herculaneum  the 
case  is  different.  Although  the  substance' which  fills  the  interior  of  the 
houses  and  the  vaults  must  have  been  intimiuced  in  a  state  of  mud,  like 
that  found  in  similar  situations  in  Pompeii;  yet  the  superincumbent 
mass  diflers  wholly  in  composition  and  thickness.  Herculaneum  was 
situated  several  miles  nearer  to  the  volcano,  and  has,  therefore,  been  al- 
ways more  exposed  to  be  covered,  not  only  by  showers  of  ashes,  but  by 
alluviums  and  streams  of  lava.    Accordingly,  masses  of  both  have  accu- 

*  See  Ehrenberg,  Proceedings  (Berichte)  of  the  Royal  Acad,  of  Sd.  Berlin,  1844, 
1846,  and  an  excellent  abstract  of  bis  papers  by  Mr.  Ansted  in  the  Quart  Journ. 
of  the  QeoL  Soc.  London,  Na  7,  Aug.  1846.  In  regard  to  marine  infusoria  found 
in  Tolcanic  tu^  it  is  well  known  that  on  the  shores  of  the  island  of  Cephalonia  in 
the  Mediterranean  (Proceedings,  Oeol.  Soc.  vol  iL  pi  220),  there  is  a  carity  in  the 
rock,  into  which  the  sea  has  been  flowing  for  ages,  and  many  others  doubtless 
exist  in  the  leaky  bottom  of  the  ocean.  The  marine  current  has  been  rushing  in 
for  many  years,  and  as  the  infusoria  inhabiting  the  waters  of  the  Mediteiranean 
are  exceedingly  abundant,  a  yast  store  of  their  cases  may  accumulate  in  subma- 
rine cayems  (the  water,  perhaps,  being  oonyerted  into  steam,  and  so  escaping  up- 
wards), and  they  ma^  then  be  cast  up  again  to  furnish  the  materials  of  volcanic 
tufl^  should  an  eruption  occur  like  that  which  produced  Graham  Island,  off  the 
coast  of  SicUy,  in  1881. 
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mulated  on  each  other  above  the  city,  to  a  depth  of  nowhere  less  than 
70,  and  in  many  places  of  112  feetf 

The  tuff  which  envelops  the  buildings  con^sts  of  comminuted  vol- 
canic ashes,  mixed  with  pumice.  A  mask  imbedded  in  this  matrix  has 
left  a  cast,  the  sharpness  of  which  was  compared  by  Hamilton  to  those 
in  plaster  of  Paris ;  nor  was  the  mask  in  the  least  degree  scorched,  as 
if  it  had  been  imbedded  in  heated  matter.  This  tuff  is  porous ;  and, 
when  first  excavated,  is  soft  and  easily  worked,  but  acquires  a  consider- 
able degree  of  induration  on  exposure  to  the  air.  Above  this  low^t 
stratum  is  placed,  according  to  Hamilton,  "the  matter cf  six  eruptions," 
each  separated  from  the  other  by  veins  of  good  soil.  In  these  soils 
Lippi  states  that  he  collected  a  considerable  number  of  land  shells— an 
observation  which  is  no  doubt  correct ;  for  many  snails  burrow  in  soft 
soils,  and  some  Italian  species  descend,  when  they  hybemate,  to  the 
depth  of  five  feet  and  more  from  the  surface.  Delia  Torre  also  informs 
us  that  there  is  in  one  part  of  this  superimposed  mass  a  bed  of  tme 
siliceous  lava  (lava  di  pietra  dura) ;  and,  as  no  such  current  is  believed 
to  have  flowed  till  near  one  thousand  years  after  the  destruction  of  Her- 
culaneum,  we  must  conclude,  that  the  origin  of  a  large  part  of  the  cov- 
ering  of  Herculaneum  was  long  subsequent  to  the  fiirst  inhumation  of 
the  place.  That  city,  as  well  as  Pompeii,  was  a  seaport.  Herculaneum 
is  still  very  near  the  shore,  but  a  tract  of  land,  a  mile  in  length,  inter- 
venes between  the  borders  of  the  Bay  of  Naples  and  Pompeii.  In  both 
cases  the  gain  of  land  is  due  to  the  filling  up  of  the  bed  of  the  sea  with 
volcanic  matter,  and  not  to  elevation  by  earthquakes,  for  there  has  been 
no  change  in  the  relative  level  of  land  and  sea.  Pompeii  stood  on  a 
slight  eminence  composed  of  the  lavas  of  the  ancient  Vesuvius,  and 
flights  of  steps  led  down  to  the  water's  edge.  The  lowermost  of  these 
steps  are  said  to  be  still  on  an  exact  level  with  the  sea. 

Condition  and  contents  ofHhe  buried  cities. — After  these  observatioDS 
on  the  nature  of  the  strata  enveloping  and  surrounding  the  cities,  we 
may  proceed  to  consider  their  internal  condition  and  contents,  so  far  at 
least  as  they  offer  facts  of  geological  interest  Notwithstanding  the 
much  greater  depth  at  which  Herculaneum  was  buried,  it  was  discov- 
ered before  Pompeii,  by  the  accidental  circumstance  of  a  well  being 
sunk,  in  1713,  which  came  right  down  upon  the  theatre,  where  the  stat- 
ues of  Hercules  and  Cleopatra  were  soon  found.  Whether  this  city  or 
Pompeii,  both  of  them  founded  by  Greek  colonies,  was  the  more  con- 
siderable, is  not  yet  determined ;  but  both  are  mentioned  by  ancient 
authors  as  among  the  seven  most  flourishing  cides  in  Campania.  ^^ 
walls  of  Pompeii  were  three  miles  in  circumference ;  but  we  have,  as 
yet,  no  certain  knowledge  of  the  dimensions  of  Herculaneum.  In  the 
latter  place  the  theatre  alone  is  open  for  inspection ;  the  Forum,  Temple 
of  Jupiter,  and  other  buildings,  having  been  filled  up  with  rubbish  as 
the  workmen  proceeded,  owing  to  the  difficulty  of  removing  it  from  so 

*  Hamilton,  Ohserv.  on  Mount  Yesayioa,  p.  94.    London,  1*774. 
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^reat  a  depth  below  ground.  Even  the  theatre  is  only  seen  by  torch- 
ligbt»  and  the  most  interesting  information,  perhaps,  which  the  geologist 
obtains  there,  is  the  continual  formation  of  stalactite  in  the  galleries  cut 
through  the  tuff ;  for  there  is  a  constant  percolation  of  water  charged 
with  carbonate  of  lime  mixed  with  a  small  portion  of  magnesia.  Such 
miaeral  waters  must,  in  the  course  of  time,  create  great  changes  in 
many  rocks ;  especially  in  lavas,  the  pores  of  which  they  may  fill  with 
calcareous  spar,  so  as  to  convert  them  into  amygdaloids.  Some  geolo- 
gists, therefore,  are  unreasonable  when  they  expect  that  volcanic  rocks 
of  remote  eras  should  accord  precisely  with  those  of  modem  date; 
sioce  it  is  obvious  that  many  of  those  produced  in  our  own  time  will 
not  long  rfttain  the  same  aspect  and  internal  composition. 

Both  at  Herculaneum  and  Pompeii,  temples  have  been  found  with 
inscriptions  commemoratmg  the  rebuilding  ?f  the  edifices  after  they  had 
been  thrown  down  by  an  earthquake.*  This  earthquake  happened  in 
the  reign  of  Nero,  sixteen  years  before  the  cities  were  overwhelmed.  In 
Pompeii,  one-fourth  of  which  is  now  laid  open  to  the  day,  both  the 
public  and  private  biiildings  bear  testimony  to  the  catastrophe.  The 
walls  are  rent,  and  in  many  places  traversed  by  fissures  still  open. 
Columns  are  lying  on  the  ground  only  half  hewn  from  huge  blocks  of 
tmvertin,  and  the  temple  for  which  they  were  designed  is  seen  half 
repaired.  In  some  few  places  the  pavement  had  sunk  in,  but  in  general 
it  was  undisturbed,  consisting  of  large  irregular  flags  of  lava  joined 
neatly  together,  in  which  the  carriage  wheels  have  often  worn  ruts  an 
inch  and  a  half  deep.  In  the  wider  streets,  the  ruts  are  numerous  and 
irregular ;  in  the  narrower,  there  are  only  two,  one  on  each  side,  which 
are  very  conspicuous.  It  is  impossible  not  to  look  with  some  interest 
even  on  these  ruts,  which  were  worn  by  chariot  wheels  more  than 
seventeen  centuries  ago;  and,  independently  of  their  antiquity,  it  is 
remarkable  to  see  such  deep  incisions  so  continuous  in  a  stone  of  great 
hardness. 

SmaU  number  of  skeletons. — A  very  small  number  of  skeletons  have 
been  discovered  in  either  city ;  and  it  is  clear  that  most  of  the  inhabit- 
ants not  only  found  time  to  escape,  but  also  to  carry  with  them  the 
principal  part  of  their  valuable  effects.  In  the  barracks  at  Pompeii 
wete  the  skeletons  of  two  soldiers  chained  to  the  stocks,  and  in  the 
vaults  of  a  country*house  in  the  suburbs  were  the  skeletons  of  seven- 
teen persons,  who  appear  to  have  fled  there  to  escape  from  the  shower 
of  ashes.  They  were  found  inclosed  in  an  indurated  tuff,  and  in  this 
matrix  was  preserved  a  perfect  cast  of  a  woman,  perhaps  the  mistress 
of  the  house,  with  an  infant  in  her  arms.  Although  her  form  was  im- 
printed on  the  rock,  nothing  but  the  bones  remained.  To  these  a  chain 
of  gold  was  suspended,  and  on  the  fingers  of  the  skeletons  were  rings 
with  jewels.  Against  the  sides  of  the  same  vault  was  ranged  a  long 
line  of  earthen  amphorae. 

•  Swinhome  and  X4daode.    Psdenii,  FbiL  Trana.  1758^  vol  I  p.  610. 
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The  writings  scribbled  by  the  soldiers  on  the  walk  of  their  banraek^ 
and  the  names  of  the  owners  of  each  house  written  over  the  doors,  are 
stUl  perfectly  legible.  The  colors  of  fresco  pamtmgs  on  the  stuccoed 
walls  in  the  interior  of  bnildings  are  almost  as  vivid  as  if  they  were  just 
finished.  There  are  public  fountains  decorated  with  shelis  laid  oat  fai 
patterns  in  the  same  fashion  as  those  now  seen  in  the  town  of  Naples; 
and  in  the  room  of  a  painter,  who  was  perhaps  a  natanlist,  a  latge  col- 
lection of  shells  was  found,  comprisuig  a  great  variety  of  Mediterraneaa 
species,  in  as  good  a  state  of  preservation  as  if  they  had  remained  for 
the  same  number  of  years  in  a  museum.  A  comparison  of  these 
remains,  with  those  found  so  generally  in  a  fossil  state  would  not  assist 
us  in  obtaining  the  least  insight  into  the  time  required  to  produce  a  cer- 
tain degree  of  decomposition  or  mineralisation;  for,  although  under 
favorable  cu^umstanoes  much  greater  alteration  might  doubtless  have 
been  brought  about  in  a  shorter  period,  yet  the  example  before  us  shows 
that  an  inhumation  of  seventeen  centuries  may  someumes  effect  nothing 
towards  the  reduction  of  shells  to  the  state  in  which  fossils  are  usually 
found. 

The  wooden  beams  in  the  honses  at  Herculaneum  are  black  on  the 
exterior,  but,  when  cleft  open,  they  appear  to  be  almost  in  the  state  of 
ordinary  wood,  and  the  progress  made  by  the  whole  mass  towards  the 
state  of  lignite  is  scarcely  appreciable.  Some  animal  and  vegetable 
substances  of  more  perishable  kinds  have  of  course  suffered  much 
change  and  decay,  yet  the  state  of  preservation  of  these  is  truly  re- 
markable. Ilshing-nets  are  very  abundant  in  both  cities,  often  quite 
entire ;  and  their  number  at  Pompeii  is  the  more  interesting  from  the 
sea  being  now,  as  we  stated,  a  mile  distant.  Linen  has  been  found  at 
Herculaneum,  with  the  texture  well  defined ;  and  in  a  fruiterer's  shop 
in  that  city  were  discovered  vessels  full  of  almonds,  chestnuts,  walnut^ 
and  fruit  of  the  '<  carubiere,"  all  distinctly  recognisable  from  l^eir 
shape.  A  loaf,  also,  still  retaining  its  form,  was  found  in  a  baker's 
shop,  with  his  name  stamped  upon  it.  On  the  counter  of  an  apothe- 
cary was  a  box  of  pills  converted  into  a  fine  earthy  substance ;  and  by 
the  side  of  it  a  small  cylindrical  roll  evidently  prepared  to  be  cut  into 
pills.  By  the  side  of  these  waB  a  jar  containing  medicinal  herbs.  In 
1827,  moist  olives  were  found  in  a  square  glass-case,  and  "  caviare,''  or 
roe  of  a  fish,  in  a  state  of  wonderful  preservation.  An  examination  of 
these  curious  condiments  has  been  published  by  Govelli  of  Naples,  and 
they  are  preserved  hermetically  sealed  in  the  museum  there.* 

Papyri. — ^There  is  a  marked  difference  in  the  condition  and  appear- 
ance of  the  animal  and  vegetable  substances  found  at  Pompeii  and 
Herculaneum ;  those  of  Pompeii  being  penetrated  by  a  gray  pulver- 
ulent tuff,  those  in  Herculaneum  seeming  to  have  been  first  envdoped 
by  a  paste  which  consolidated  round  them,  and  then  allowed  them  tc 
oecome  slowly  carbonized.     Some  of  the  rolls  of  papyrus  at  Pompeii 

*  Pro£  J.  D.  Forbes,  Edin.  Journ.  of  Scl  Nu  xiz.  p.  180,  Jam  IBM. 
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still  retain  thieir  form ;  bat  the  wnting,  and  indeed  almost  all  the  rege- 
table  matter,  appear  to  bave  vanished,  and  to  have  been  replaced  by 
volcanic  tufif  somewhat  pnlvemlent.  At  Hereulanenm  the  earthj  mat 
ter  has  scarcelj  ever  penetrated ;  and  the  vegetable'  substance  of  the 
papjrus  has  become  a  thin  friable  black  matter,  almost  resembling  m 
appearance  the  tinder  which  remains  when  stiff  paper  has  been  burnt, 
in  which  the  letters  may  still  be  sometimes  traced.  The  small  bundles 
of  papyri,  composed  of  five  or  six  rolls  tied  up  together,  had  sometimes 
lain  horizontally,  and  were  pressed  m  that  diiectioii,  but  sometimes 
they  had  been  placed  in  a  vertical  position.  Small  tickets  were  at- 
tached to  each  bundle,  on  which  the  title  of  the  work  was  inscribed. 
In  one  case  only  have  the  sheets  been  found  with  writing  on  both  sides 
of  the  psges.  So  numerous  are  the  obliterations  and  corrections,  that 
many  must  have  been  original  manuscripts.  The  variety  of  handwri* 
tings  18  quite  eztFaordmaiy :  nearly  all  are  written  in  Greek,  but  there 
are  a  few  in  Latin.  They  were  almost  all  found  in  a  suburban  viHa  in 
the  library  of  one  private  mdividual ;  and  the  titles  of  four  hundred  of 
those  least  injured,  which  have  been  read,  are  found  to  be  unimportant 
wcH'ks,  but  all  entirely  new,  chiefly  relating:  to  music,  rhetoric,  and 
cookery.  There  are  two  volumes  of  Epicurus  "  On  Nature,"  and  the 
othera  are  mostly  by  writers  of  the  same  school,  only  one  fragment 
having  been  discovered,  by  an  opponent  of  the  Epicurean  system^ 
Chrysippus.* 

PnMnlity  cf  futurB  discoveries  qf  M8S, — ^In  the  opinion  of  some 
antiquaries,  not  one-hundredth  part  of  the  city  has  yet  been  explored : 
and  the  quarters  hitherto  cleared  out  at  a  great  expense,  are  those 
where  there  was  the  least  probability  of  discovering  manuscripts.  As 
Italy  could  already  boast  her  splendid  Roman  amphitheatres  and  Greek 
teoiples,  it  was  a  matter  of  secondary  interest  to  add  to  their  number 
those  in  the  dark  and  dripping  galleries  of  Herculaneum ;  and  having 
so  many  of  the  masterpieces  of  ancient  art,  we  could  have  dispensed 
with  the  inferior  busts  and  statues  which  could  alone  have  been  ex- 
pected to  reward  our  researehes  in  the  rains  of  a  provincial  town. 
But  from  the  moment  that  it  was  ascertained  that  rolls  of  papyrus  pre- 
served in  this  city  could  still  be  deciphered,  every  exertion  ought  to 
have  been  steadily  and  exclosively  directed  towards  the  discovery  of 
otiier  libraries.  Private  dwellings  should  have  been  searehed,  before 
Bo  much  labor  and  expense  were  consumed  in  exalnitiing  public  edi- 
fices. A  small  portion  of  that  zeal  and  enlightened  spirit  which 
prompted  the  late  French  and  Tuscan  expedition  to  Egypt  might  long 
ere  this,  in  a  country  nearer  home,  have  snatched  from  oblivion  some 
of  the  lost  works  of  the  Augustan  age,  or  of  eminent  Gre^k  historians 
and  philosophers.    A  single  roll  of  papyrus  might  bave  disclosed  more 

*  In  one  of  the  manuscripts  which  was  in  the  hands  of  the  intarpretera  when  I 
▼isited  the  museum  in  1828,  the  author  indulges  in  the  speculation  that  all  the 
Homeric  personages  were  allegorical — that  Ag^amemnon  was  the  ether,  AehiUefl 
the  sun,  Helen  the  earth,  Parie  the  air^  Hector  the  moeo,  kc. 
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matter  of  intense  interest  than  all  that  was  ever  written  in  hiero- 
glyphics. 

Stabice.^'BeBAdea  the  cities  already  mentioned,  StahisB,  a  small  town 
about  six  miles  from  Vesuvius,  and  near  the  site  of  the  modem  Castel-«- 
Mare  (see  map  of  volcanic  district  of  Naples),  was  overwhelmed  during 
the  eruption  of  79.  Pliny  mentions  that,  when  his  uncle  was  there,  he 
was  obliged  to  make  hb  escape,  so  great  was  the  quantity  of  falling 
stones  and  ashes.  In  the  ruins  of  this  place,  a  few  skeletons  have  been 
found  buried  in  volcanic  ejections,  together  with  some  antiquities  oi  no 
great  value,  and  rolls  of  papyrus,  which,  like  those  of  Pomp^  were 
illegible. 

Torre  del  Oreco  overjhtoed  by  lava. — Of  the  towns  hitherto  men- 
tioned, Herculaneum  alone  has  been  overflowed  by  a  stream  of  melted 
matter ;  but  this  did  not,  as  we  have  seen,  enter  or  injure  the  buildings, 
which  were  previously  enveloped  or  covered  over  with  tuff.  But  burn- 
ing torrents  have  often  taken  their  course  through  the  streets  of  Tone 
del  Oreco,  and  consumed  or  inclosed  a  large  portion  of  the  town  in 
solid  rock.  It  seems  probable  that  the  destruction  of  three  thousand 
of  its  inhabitants  in  1631,  which  some  accounts  attribute  to  boiling  wa- 
ter, was  principally  due  to  one  of  those  alluvial  floods  which  we  before 
mentioned;  but,  in  1737,  the  lava  itself  flowed  through  the  eastern 
side  of  the  town,  and  afterwards  reached  the  sea ;  and,  in  1794,  anoth^ 
current,  rolling  over  the  western  side,  filled  the  streets  and  houses,  and 
killed  more  than  four  hundred  persons.  The  main  street  is  now  quarried 
through  this  lava,  which  supplied  building  stones  for  new  houses  erected 
where  others  had  been  annihilated.  The  church  was  half  buried  in  a 
rocky  mass,  but  the  upper  portion  served  as  the  foundatkm  of  a  new 
edifice. 

The  number  of  the  population  at  present  is  estimated  at  fifteen  thou- 
sand ;  and  a  satisfactory  answer  may  readily  be  returned  to  those  who 
inquire  how  the  inhabitants  can  be  so  "inattentive  to  the  voice  of  time 
and  the  warnings  of  nature,"^  as  to  rebuild  their  dwellings  on  a  spot  so 
often  devastated.  No  neighboring  site  unoccupied  by  a  town,  or  which 
would  not  be  equally  insecure,  combines  the  same  advantages  of  prox- 
imity to  the  capital,  to  the  sea,  and  to  the  rich  lands  on  the  flanks  of 
Vesuvius.  If  the  present  population  were  exiled,  they  would  imme- 
diately be  replaced  by  another,  for  the  same  reason  that  the  Maremma 
of  Tuscany  and  the  Campagna  di  Roma  will  never  be  depopulated* 
although  the  malaria  fever  commits  more  havoc  in  a  few  years  than  the 
Vesuvian  lavas  in  as  many  centuries.  The  district  around  Naples  sup- 
plies one  amongst  innumerable  examples,  that  those  regions  where  the 
surface  is  most  frequently  renewed,  and  where  the  renovation  b  accom* 
panied,  at  different  intervals  of  time,  by  partial  destruction  of  animal 
and  vegetable  life,  may  nevertheless  be  amongst  the  most  habitable  and 
delightful  on  our  globe. 

*  Sir  H.  Davy,  CooaoUtiODS  in  Travel,  p.  6S 
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I  baye  already  made  a  similar  remark  when  speakiiig  of  tracts  where 
aqueous  causes  are  now  most  active ;  and  the  obserration  applies  as 
well  to  parts  of  the  surface  which  are  the  abode  of  aquatic  animals,  as 
to  those  which  support  terrestrial  species.  The  sloping  sides  of  Yesu* 
vias  give  nourishment  to  a  vigorous  and  healthy  population  of  about 
eighty  thousand  souls ;  and  the  surrounding  hills  and  plams,  together 
with  several  of  the  adjoining  isles,  owe  the  fertility  of  their  soil  to  mat- 
ter ejected  by  prior  eruptions.  Had  the  fundamental  limestone  of  the 
Apennines  remained  uncovered  throughout  the  whole  area^  the  country 
could  not  have  sustained  a  twentieth  part  of  its  present  inhabitants.  This 
will  be  apparent  to  every  geologist  who  has  marked  the  change  in  the 
agiicultural  character  of  the  soil  the  moment  ho  has  passed  the  utmost 
boundary  of  the  volcanic  ejections,  as  when»  for  example,  at  the  dis- 
tance of  about  seven  miles  from  Vesuvius,  he  leaves  the  plain  and 
ascends  the  declivity  of  the  Sorrentine  Hills. 

Tet,  favored  as  this  region  has  been  by  Nature  from  time  immemorial, 
the  signs  of  the  changes  imprinted  on  it  during  the  period  that  it  has 
served  as  the  habitation  of  man  may  appear  in  after-ages  to  indicate 
a  series  of  unparalleled  disasters.  Let  us  suppose  that  at  some  future 
time  the  Mediterranean  should. form  a  gulf  of  the  great  ocean,  and  that 
the  waves  and  tidal  current  should  encroach  on  the  shores  of  Campania, 
as  it  now  advances  upon  the  eastern  coast  of  England ;  the  geologist  will 
then  behold  the  towns  already  buried,  and  many  more  which  will  evi- 
dently be  entombed  hereafter,  laid  open  in  the  steep  cliflb,  where  he 
will  discover  buildings  superimposed  above  each  other,  with  thick  mter- 
vening  strata  of  tuff  or  lava — some  unscathed  by  fire,  like  those  of 
Herculaneum  and  Pompeii ;  others  half  melted  down,  as  in  Torre  del 
Greco ;  and  many  shattered  and  thrown  about  in  strange  confusion,  as 
in  Tripergola,  beneath  Monte  Nuovo.  Among  the  ruins  will  be  seen 
skeletons  of  men,  and  impressions  of  the  human  form  stamped  in  solid 
rocks  of  tuff.  Nor  will  the  signs  of  earthquakes  be  wanting.  The  pave- 
ment of  part  of  the  Domitian  Way,  and  the  temple  of  the  Nymphs,  sub- 
merged at  high  tide,  will  be  uncovered  at  low  water,  the  columns  re- 
maining erect  and  uninjured.  Other  temples  which  had  once  sunk  down, 
like  that  of  Serapb,  will  be  found  to  have  been  upraised  again  by  sub- 
sequent movements.  If  they  who  study  these  phenomena,  and  specu- 
late on  their  causes,  assume  that  there  were  periods  when  the  laws  of 
Nature  or  the  whole  course  of  natural  events  differed  greatly  from  those 
observed  in  their  own  time,  they  will  scarcely  hesitate  to  refer  the  won- 
derful monuments  in  question  to  those  primeval  ages.  When  they  con- 
sider the  numerous  proofs  of  reiterated  catastrophes  to  which  the  re^on 
was  subject,  they  may,  perhaps,  commiserate  the  unhappy  fate  of  beings 
condemned  to  inhabit  a  planet  during  its  nascent  and  chaotic  state,  and 
feel  grateful  that  their  favored  race  has  escaped  such  scenes  of  anarchy 
and  misrule. 

Tet  what  was  the  real  condition  of  Campania  during  those  years  of 
dire  convulsion  ?    '<  A  climate  where  heaven's  breath  smells  sweet  and 
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wooingly — a  Tigorous  and  Inxnriaai  naUire  unpandkled  ia  its  piodac« 
tions — ^a  coast  which  was  once  the  faiiy-hod  of  poets,  and  the  fanrorita 
retreat  of  great  men.  Even  the  tyrants  of  the  ereaftioQ  loTed  tiik  aUV' 
ring  region^  spared  it,  adorned  it,  lived  in  it,  died  in  it"*  The  inhabit* 
ants,  indeed,  hare  enjoyed  no  immunity  from  the  calamitMa  whidi  an 
the  lot  of  maaldnd ;  but  the  principal  evils  which  they  have  sofifered 
must  be  attributed  to  moral,  not  to  physical,  eauaes— rto  disastrous 
events  over  which  man  might  have  exercised  a  control^  rather  than  to 
the  inevitable  catastrophes  which  result  from  subternmean  agency. 
When  Spartacus  encamped  his  army  of  ten  thousand  gladiatois  in  the 
old  extinct  crater  of  Vesuvius,  the  volcano  was  more  justly  a  subject  of 
terror  to  Campania,  than  it  has  ever  been  sin<;e  the  rekindling  of  its  fires. 
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Ezterasl  physiogoomy  of  Etna — ^Lateral  cones— Their  eaooeflnve  ehfiteniiioa^ 
Early  eruption^-^Monti  BoisL  in  1669— Towne  overflowed  by  lavfr— Aot  «l 
Catania  overflowed — Hode  of  advance  of  a  current  of  lava— SnbtemuMan 
cavern»— Marine  strata  at  base  of  Etna— Yal  del  Bove  not  an  ancient  crater— 
Its  scenery — ^Form,  composition,  and  origin  of  the  dikes— linear  direction  of 
cones  fbrmed  in  1811  and  1819 — Layas  and  breccias— Flood  produced  by  the 
melting  of  snow  by  lava— Glacier  covered  by  a  lava  stream— Val  del  Bore 
how  formed'-Stnictare  and  origin  of  the  cone  of  Etna- Whether  the  indined 
sheets  of  lava  were  originally  horisontal— Antiquity  of  Etna— Whether  signs 
of  diluyial  waves  are  observable  on  Etna^ 

External  phyHognomy  of  Etna, — After  Vesuvius,  our  most  authentic 
records  relate  to  Etna,  which  rises  near  the  sea  m  solitary  grandeur  to 
the  height  of  nearly  eleven  thousand  feet.f  The  base  of  the  cone  ia 
almost  circular,  and  eighty-seven  English  miles  in  circumference ;  but 
if  wc  include  the  whole  district  over  which  its  lavas  extend,  the  circuit 
is  probably  twice  that  extent. 

Divided  into  three  regions, — ^The  cone  is  divided  by  nature  into  three 
distinct*  zones,  called  the  fertile,  the  woody,  and  the  desert  regions.  The 
first  of  these,  comprising  the  delightful  country  around  the  skirts  of  the 
mountain,  is  well  cultivated,  thickly  inhabited,  and  covered  with  olives, 

♦  Forsyth's  Italy,  vol.  iL 

f  In  1816,  Captain  Smyth  ascertained,  trigonoitietric«Uy,that  the  height  of  Etna 
was  10,874  feet  The  Cataniana,  disappointed  that  their  mountain  had  los4  nearly 
2000  feet  of  the  height  assigned  to  it  by  Recupero,  refused  to  acquiesoe  in  the  dea- 
sion.  Afterwards,  m  1824,  Sir  J.  Herscbel,  not  being  aware  of  Captain  Smyth's 
conclusions,  determined  by  careful  barometrical  measurement  that  the  height  wns 
10,87  2i  feet.  This  singular  agreement  of  results  so  diflferently  obtained  was  spo- 
ken of  bj  Herschel  as  "  a  happy  accident ;"  but  Dr.  Wollaston  remarked  that  **  il 
^•^s  one  of  those  accidents  wmch  would  not  have  happened  to  twofbolsL" 
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?jiie8»  eorn,  ftmH^igeeM,  and  axonfttio  herbs.  Higher  up.  the  woody 
region  encircled  the  iiioiiiitaift->an  exteneiTe  f(»«ei  «ix  or  seven  miles  in 
width,  affording  puBtorage  for  nttmerous  flocks*  The  trees  are  of  yarious 
speeiesy  the  chestnut,  oal^  and  pine  being  most  luxuriant ;  while  in  some 
tracts  are  groves  <^  cork  and  beech.  Above  the  forest  is  the  desert 
regkm,  a  waste  of  black  lava  and  scori» ;  wh««,  on  a  kind  of  plain, 
rises  a  cone  ctf  emptton  to  the  height  c^  about  eleven  hundred  feet»  from 
which  sulphureous  vapors  are  continually  evolved. 

C<me9  prpdueed  by  hteral  enrption.— The  most  grand  and  original 
feature  in  the  physiognomy  of  Etna  is  the  multitude  of  minor  cones 
which  are  distributed  over  its  flanks,  and  which  are  most  abundant  in 
the  woody  region.  These,  although  they  appear  but  trifling  irregulari- 
ties when  viewed  from  a  distance  as  subordinate  parts  of  so  imposing 
and  colossal  a  mountain,  would,  nevertheless,  be  deemed  hills  of  consid- 
erable altitude  in  almost  any  other  region.  Without  enumerating  nu- 
merous monticules  of  ashes  thrown  out  at  di£forent  points,  there  are 
about  eighty  of  these  secondary  volcanoes,  of  considerable  dimensions ; 
fifty-two  on  the  west  and  north,  and  twenty-seven  on  the  east  side  of 
Etna.  One  of  the  laigest,  called  Monte  Minardo,  near  Bronte,  is  up- 
wards of  700  feet  in  height,  and  a  double  hill  near  Nicolosi,  called 
Monti  Rossi,  formed  in  1669,  is  450  ieet  high,  and  the  base  two  miles  in 
circumference ;  so  that  it  somewhat  exceeds  in  siae  Monte  Nuovo,  be- 
fore described^  Yet  it  ranks  only  as  a  cone  of  the  second  magnitude 
amongst  those  produced  by  the  lateral  eruptions  of  Etna.  On  looking 
down  from  the  lower  borders  of  the  desert  region,  these  volcanoes  pre- 
sent us  with  one  of  the  most  delightful  and  characteristic  scenes  in 
Europe.  They  afford  every  variety  of  height  and  sise,  and  are  arranged 
in  beautifol  and  picturesque  groups.  However  uniform  they  may  ap- 
pear when  seen  from  the  sea,  or  the  plains  below,  nothing  can  be  more 
diversified  than  their  shape  when  we  look  from  above  mto  their  craters, 
one  side  of  which  is  generally  broken  down.  There  are,  indeed,  few 
objects  in  nature  more  picturesque  than  a  wooded  volcanic  crater.  The 
cones  situated  in  the  higher  parts  of  the  forest  zone  are  chiefly  clothed 
with  lofty  pines ;  while  those  at  a  lower  elevation  are  adorned  with 
chestnuts,  oaks,  beech,  and  holm. 

Successive  obliteration  of  these  cones, — The  histoiy  of  the  eruptions  of 
Etna,  imperfect  and  interrupted  as  it  is,  affords  us,  nevertheless,  much 
insight  into  the  manner  in  which  the  whole  mountain  has  successively  at- 
tamed  its  present  magnitude  and  internal  structure.  The  principal  cone 
has  more  than  once  fallen  in  and  been  reproduced.  In  1444  it  was  320 
feet  high,  and  fell  in  after  the  earthquakes  of  15S7.  In  the  year  1693, 
when  a  violent  earthquake  shook  the  whole  of  Sicily,  and  killed  sixty 
thousand  persons,  the  cone  lost  so  much  of  its  height,  says  Boccone, 
that  it  could  not  be  seen  from  several  places  in  Yaldemone,  from  which 
it  was  before  visible^  The  greater  number  <tf  eruptions  happen  either 
from  the  great  crater,  or  from  lateral  openings  in  the  desert  regiou. 
When  hills  are  thrown  up  in  the  middle  zone,  and  project  beyond  the 
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general  level,  they  gradually  lose  their  height  during  aahseqnent  emp- 
tions ;  for  when  kiva  runs  down  from  the  upper  parts  <^  the  mountain, 
and  encomitera  any  <^  these  hills,  the  stream  is  divided,  and  flows  loond 
them  so  aa  to  elevate  the  gently  sloping  grounds  from  which  they  rise. 
In  this  manner  a  deduction  b  often  made  at  once  of  twenty  or  thirty 
feet,  or  even  more,  from  their  height  Thus,  one  of  the  minor  eoiie8» 
called  Monte  Pcluso,  was  dinunished  in  altitude  by  a  great  lava  stream 
which  encircled  it  in  1444 ;  and  another  current  has  recently  taken  the 
same  course— yet  this  hill  still  remains  four  or  five  hundred  feet  high. 

There  is  a  cone  called  Monte  Nucilla  near  Nicolou,  round  the  base  of 
which  several  successive  currents  have  flowed,  and  showers  of  ashes 
have  fallen,  smce  the  tone  of  history,  till  at  hist,  during  an  eruption  in 
1636,  the  surrounding  plain  was  so  raised,  that  the  top  of  the  cone 
alone  was  left  projecting  above  the  general  level.  Monte  Nero,  situated 
ftbove  the  Grotta  dell'  Capre,  was  in  1766  almost  submerged  by  a  cur- 
rent :  and  Monte  Capreolo  afforded,  in  the  year  1669,  a  curious  example 
of  one  of  the  last  stages  of  obliteration ;  for  a  lava  stream,  descending  on 
a  high  ridge  which  had  been  built  up  by  the  contmued  superposition 
of  succesMve  lavas,  flowed  directly  into  the  crater,  and  nearly  filled  it 
The  lava,  therefore,  of  each  new  lateral  cone  tends  to  detract  from  the 
relative  height  of  lower  cones  above  their  bade :  so  that  the  flanks  of 
Etna,  sloping  with  a  gentle  inclination,  envelop  in  succession  a  great 
multitude  of  minor  volcanoes,  while  new  ones  spring  up  from  time  to 
time. 

Early  eruptunu  of  Etna, — Etna  appears  to  have  been  m  activity 
from  the  earliest  times  of  tradition ;  for  Diodorus  Siculus  mentions  an 
eruption  which  caused  a  district  to  be  deserted  by  the  Sicani  before  the 
Trojan  war.  Thucydides  informs  us,  that  in  the  sixth  year  of  the  Pelo- 
ponneeian  war,  or  in  the  spring  of  the  year  425  b.  c,  a  lava  stream 
ravaged  the  environs  of  Catania,  and  this  he  says  was  the  third  eruption 
which  had  happened  in  Sicily  since  the  colonization  of  that  island  by 
the  Greeks.*  The  second  of  the  three  eruptions  alluded  to  by  the  his- 
torian took  place  in  the  year  475  b.  c,  and  was  that  so  poetically 
described  by  Pindar,  two  years  afterwards,  in  his  first  Pythian  ode : — 


A'*  nfawm  ffvircxM 
Xtwf  •(ttmt  rcivM. 

In  thtee  and  the  seven  verses  which  follow,  a  graphic  description  is 
given  of  Etna,  such  as  it  appeared  five  centuries  before  the  Christian 
ere,  and  such  as  it  has  been  seen  when  in  eruption  in  modem  times.  The 
poet  is  only  making  a  passing  allusion  to  the  Sicilian  volcano^  as  the 
mountain  under  which  Typhosus  lay  buried,  yet  by  a  few  touches  of  his 
master-hand  every  striking  feature  of  the  scene  has  been  faithfully  per- 

«  Book  ill  at  the  end 
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trajed«  We  are  told  of  "  the  snowy  Etna,  the  pillar  of  heaven — ^the 
nurse  of  everlasting  frost,  in  whose  deep  caverns  lie  concealed  the  foun- 
tains of  unapproachable  fire— «  stream  of  eddying  smoke  by  day — a 
bright  and  ruddy  flame  by  night ;  and  burning  rocks  rolled  down  with 
loud  uproar  into  the  sea." 

Etupticn  of  1669 — Monti  Eossi  formed, — ^The  great  eruption  which 
happened  in  the  year  1669  is  the  first  which  claims  particular  attention. 
An  earthquake  had  levelled  to  the  ground  all  the  houses  in  Nicolosi,  a 
town  situated  near  the  lower  margin  of  the  woody  region,  about  twenty 
miles  from  the  summit  of  Etna,  and  ten  from  the  sea  at  Catania.  Two 
gulfs  then  opened  near  that  town,  from  whence  sand  and  scoria)  were 
thrown  up  hi  such  quantity,  that  in  the  course  of  three  or  four  months 
%  double  cone  was  formed,  called  Monti  Rossi,  about  450  feet  high.    But 
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the  most  extraordinary  phenomenon  occurred  at  the  commencement  of 
the  convulsion  in  the  plain  of  S.  Lio.  A  fissure  six  feet  broad,  and  of 
unknown  depth,  opened  with  a  loud  crash,  and  ran  in  a  somewhat  tor- 
tuous course  to  within  a  mile  of  the  summit  of  Etna.  Its  direction  was 
from  north  to  south,  and  its  length  twelve  miles.  It  emitted  a  most 
vivid  light.  Five  other  parallel  fissures  of  considerable  length  after- 
wards opened,  one  after  the  other,  and  emitted  smoke,  and  gave  out  bel- 
lowing sounds  which  were  heard  at  the  distance  of  forty  miles.  This 
case  seems  to  present  the  geologist  with  an  illustration  of  the  manner  in 
which  those  continuous  dikes  of  vertical  porphyry  were  formed,  which 
are  seen  to  traverse  some  of  the  older  lavas  of  Etna ;  for  the  light  emit- 
ted from  the  great  rent  of  S.  Lio  appears  to  indicate  that  the  fissure  was 
filled  to  a  certain  height  with  incandescent  lava,  probably  to  the  h&ght 
of  an  orifice  not  far  distant  from  Monti  Rossi,  which  at  that  time  opened 
and  poured  out  a  lava  current.     When  the  melted  matter  in  such  a  rent 

*  The  hill  which  I  have  here  introdnced  was  called  by  mv  guide  Yampolara, 
hot  the  name  g^ven  in  the  t«xt  is  the  nearest  to  thii  which  I  find  in  Oemmellaro's 
Gatalogne  of  Minor  Gonea. 
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hfts  cooled,  it  must  beeome  a  solid  wall  or  dike,  intersectiiig  the  older 
itxks'Df  which  the  moontain  is  composed;  similar  rents  have  been 
observed  during  subsequent  eruptions,  as  m  1832,  when  thejr  ran  in  aU 
directions  from  the  centre  of  the  volcano.  It  has  been  justly  remarked 
bj  M.  Elie  de  Beaumont,  that  such  star-shaped  fractures  may  mdicate 
a  slight  upheaval  of  the  whole  of  Etna.  They  may  be  the  signs  of  the 
stretching  of  the  mass,  which  may  thus  be  raised  gradually  by  a.  force 
from  below.* 

The  lava  current  of  1669,  before  alluded  to,  soon  reached  in  its  course 
a  minor  cone  called  Mompiliere,  at  the  base  of  which  it  entered  a  sub- 
terranean grotto,  communicating  with  a  scute  of  those  caverns  which  are 
so  common  in  the  lavas  of  Etna.  Here  it  appears  to  have  melted  down 
some  of  the  vaulted  foundations  of  the  hill,  so  that  the  whole  of  that 
cone  became  slightly  depressed  and  traversed  by  numerous  open  fis- 
sures. 

Fart  of  Catania  destroyed, — ^The  lava,  after  overflowmg  fourteen 
towns  and  villages,  some  having  a  population  of  between  three  and  four 
thousand  inhabitants,  arrived  at  length  at  the  walls  of  Catania.  These 
had  been  purposely  raised  to  protect  the  city ;  but  the  burning  flood 
accumulated  till  it  rose  to  the  top  of  the  rampart,  which  was  sixty  feet 
in  he^ht,  and  then  it  fell  in  a  fiery  cascade  and  overwhelmed  part  of  the 
city.  The  wall,  however,  was  not  thrown  down,  but  was  discovered 
long  afterwards  by  eioavations  made  in  the  rock  by  the  Prince  of  Bis- 
cari ;  80  that  the  traveller  may  now  see  the  solid  lava  curling  over  the 
top  of  the  rampait  as  if  still  in  the  very  act  of  falling. 

This  great  current  performed  the  first  thirteen  miles  of  its  course  in 
twenty  days,  or  at  the  rate  of  162  feet  per  hour,  but  required  twenty- 
three  days  for  the  last  two  miles,  giving  a  velocity  of  only  twenty-two 
feet  per  hour ;  and  we  learn  from  Dolomieu  that  the  stream  moved 
during  part  of  its  course  at  the  rate  of  1500  feet  an  hour,  and  in  others 
it  took  several  days  to  cover  a  few  yards.f  When  it  entered  the  sea  it 
was  still  six  hundred  yards  broad,  and  forty  feet  deep.  It  covered  some 
territories  in  the  environs  of  Catania  which  had  never  before  been  visited 
by  the  lavas  of  Etna.  While  moving  on,  its  surface  was  in  general  a 
mass  of  solid  rock ;  and  its  mode  of  advancing,  as  is  usual  with  lava 
streams,  was  by  the  occasional  fissuring  of  the  solid  walls.  A  gentle- 
man of  Catania,  named  Pappalardo,  desiring  to  secure  the  city  from  the 
approach  of  the  threatening  torrent,  went  out  with  a  party  of  fifty  men 
whom  he  had  dressed  in  skins  to  protect  them  from  the  heat,  and  armed 
with  iron  crows  and  hooks.  They  broke  open  one  of  the  solid  walls 
which  flanked  the  current  near  Belpasso,  and  immediately  forth  issued 
a  rivulet  of  melted  matter  which  took  the  direction  of  Patem6 ;  but  the 
inhabitants  of  that  town,  being  alarmed  for  their  safety,  took  up  arms 
and  put  a  stop  to  fiartber  operations.^ 

*  M<Sm.  poor  eeryir,  Ac  torn.  iv.  p  116. 

{See  Prof.  J.  D.  Forbes,  FhiL  Tnui&  1846,  p.  166,  on  Teloci^  of  Lava. 
Ferrara,  Descriz.  dell'  Etna,  p  108. 
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As  another  illustratioQ  of  the  solidity  of  the  walls  of  an  advancing 
lava,  stream,  I  may  mention  an  adventure  related  by  Recupero,  who,  in 
1^66,  had  ascended  a  small  hill  formed  of  ancient  volcanic  matter,  to 
behold  the  slow  and  gradual  approach  of  a  fiery  current,  two  miles  and 
a  half  broad ;  when  suddenly  two  small  threads  of  liquid  matter  issuing 
from  a  crevice  detached  themselves  from  the  main  stream,  and  ran  rap- 
idly towards  the  hill.  He  and  his  guide  had  just  time  to  escape,  when 
they  saw  the  hill,  which  was  fifty  feet  in  height,  surrounded,  and  in  a 
quarter  of  an  hour  melted  down  into  the  burning  mass,  so  a&  to  flow  on 
with  it. 

But  it  must  not  be  supposed  that  this  complete  fusion  of  rocky  matter 
coming  in  contact  with  lava  is  of  universal,  or  even  common,  occurrence. 
It  probably  happens  when  fresh  4)ortions  of  incandescent  matter  come 
.successively  in  contact  with  fusible  materials^  In  many  of  the  dikes 
which  intersect  the  tuffs  and  lavas  of  Etna,  there  is  scarcely  any  percep- 
tible alteration  effected  by  heat  on  the  edges  of  the  horizontal  beds,  in 
contact  with  the  vertical  and  more  ciystalline  mass.  On  the  side  of 
Mompiliere,  one  of  the  towns  overflowed  m  the  great  eruption  above 
described,  an  excavation  was  made  in  1704  ;  and  by  immense  labor  the 
workmen  reached,  at  the  depth  of  thirty-five  feet,  the  gate  of  the  prin- 
cipal church,  were  there  were  three  statues,  held  in  high  veneration. 
One  of  these,  together  with  a  bell,  some  money,  and  other  articles,  were 
extracted  in  a  good  state  of  preservation  from  beneath  a  great  arch 
formed  by  the  lava.  It  seems  very  extraordinary  that  any  works  of  art, 
not  encased  with  tuff,  like  those  in  Herculaneum,  should  have  escaped 
fusion  in  hollow  spaces  left  open  in  this  Tava-cnrrent,  which  was  so  hot 
at  Catania  eight  years  after  it  entered  the  town,  thai  it  was  impossible 
to  hold  the  hand  in  some  of  the  crevices. 

Subterranean  caverns  on  Etna, — ^Mentfon  was  made  of  the  entrance 
of  a  lava-stream  into  a  subterranean  grotto,  whereby  the  foundations  of 
a  hill  were  partially  undermined.  Such  underground  passages  are  among 
the  most  curious  features  on  Etna,  and  appear  to  have  been  produced  by 
the  hardening  of  the  lava,,  during  the  escape  of  great  volumes  of  elastic 
fluids,  which  are  often  discharged  for  many  days  in  succession,  after  the 
ciisis  of  the  eruption  is  over.  Near  Ndcolosi,  not  far  from  Monti  Rossi, 
one  of  these  great  openings  may  be  seen,  called  the  Fossa  della  Palom- 
ba,  625  feet  in  circumference  at  its  mouth,  and  seventy-eight  deep. 
After  reaching  the  bottom  of  this,  we  enter  another  dark  cavity,  and 
then  others  in  succession,  sometimes  descending  precipices  by  means  of 
ladders.  At  length  the  vaults  terminate  in  a  great  gallery  ninety  feet 
long,  and  from  fifteen  to  fifty  broad,  beyond  which  there  is.  stiil  a  pas* 
sage,  never  yet  explored ;  so  that  the  extent  of  these  caverns  remams^ 
unknown.*  The  walls  and  roofs  of  these  great  vaults  are  composed  of 
rough  and  bristling  scorise,  of  the  most  fantastic  forms. 

Marine  strata  at  base  ofMna. — If  we  skirt  the  fertile  region  at  the 

*  Ferrara,  Desorix.  dell'  Etna.    Palermo,  1818. 
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base  of  Etna  on  its  southern  and  eastern  sides,  we  behold  marine  stpM& 
of  clay  sand,  and  volcanic  tuff,  cropping  out  from  beneath  the  ir.  jlem 
lavas.  The  marine  fossil  shells  occurring  in  these  strata  are  all  of  iMoi^ 
or  nearly  all,  identical  with  species  now  inhabiting  the  Mediterranean ; 
and  as  they  appear  at  the  height  of  from  600  to  800  feet  above  the  sea 
near  Catania,  they  clearly  prove  that  there  has  been  in  this  region,  as  in 
other  parts  of  Sicily  farther  to  the  south,  an  upward  movement  of  the 
ancient  bed  of  the  sea.  It  is  fair,  therefore,  to  infer  that  the  whole 
mountain,  with  the  exception  of  those  parts  which  are  of  very  modem 
origin,  has  participated  in  this  upheaval. 

If  we  view  Etna  from  the  south,  we  see  the  marine  deposits  above 
alluded  to,  forming  a  low  line  of  hills  (e,  e.  Fig.  47),  or  a  steep  inland 
slope  or  chff  (/),  as  in  the  annexed  drawing  taken  from  the  limestone 
platform  of  Primosole.  It  should  be  observed  however,  in  reference  to 
this  view,  that  the  height  of  the  volcamc  cone  is  ten  times  greater  than 
the  hills  at  its  base  {e,  e),  although  it  appears  less  elevated,  because  the 
summit  of  the  cone  b  ten  or  twelve  times  more  distant  from  the  plain  of 
Catania  than  is  licodia. 

F%.«7. 


View  of  Etna  ftx>m  th«  sammit  of  the  Umeetone  pUtlbrm  of  Primosole. 


a,  Highest  cone. 

e,  Monte  Hlnardo,  with  smaller  lateral  oonee  aboye. 
rLlcodlaiJ    " 


Iff  Montagnnola. 


a,  Town  of  Licodia  del  MonacL 

«,  Marine  formation  called  oreta,  argfUaoeons  and  sandy  beda  with  a  few  shells,  and 
▼olcanio  rocks. 
/  Escarpment  of  stratified  snbaqneons  voleanlc  tnff,  Ac.,  northwest  of  Catania. 

J,  Town  of  Catania, 
i,  Dotted  lino  exprasslng  the  highest  boandary  along  which  the  marine  strata  aro  oeesslon* 
alljr  seen. 
k,  Plain  of  Catania. 

2,  Limestone  platform  of  Primosole  of  the  Kewer  Pllooene  period, 
m,  La  Motto  di  Catanto. 

The  mountain  is  in  general  of  a  very  symmetrical  form,  a  flattened 

cone  broken  on  its  eastern  side,  by  a  deep  valley,  called  the  Val  del 

Bove,  or  in  the  provincial  dialect  of  the  peasants, "  Val.  di  Bu6,"  for  here 

the  herdsman 

— —  **  in  redacts  vaU«  mygieniium 
Prospectat  emotes  gregea.** 

Dr.  Buckland  was,  I  believe,  the  first  English  geologist  who  exammed 
this  valley  with  attention,  and  I  am  indebted  to  him  for  having  described 
it  to  me,  before  I  visited  Sicily,  as  more  worthy  of  attention  than  any 
single  spot  in  that  island,  or  perhaps  in  Europe. 

The  Val  del  Bove  commences  near  the  summit  of  Etna,  and  descend- 
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ing  into  the  woody  region,  is  farther  continued  on  one  side  by  a  second 
and  narrower  valley,  called  the  Val  di  Calanna.  Below  this  another, 
named  the  Val  di  St.  Giacomo,  begins, — a  long  narrow  ravine,  which 
is  prolonged  to  the  neighborhood  of  Zafiarana  {e,  fig.  48),  on  the  confines 
of  the  fertile  region.  These  natural  incisions  into  the  side  of  the  volca- 
no are  of  such  depth  that  they  expose  to  view  a  great  part  of  the  struc- 


Great  yalley  on  the  east  aide  of  Etno. 
o^  Highest  oone. 
e^  Head  of  Val  del  Bove^ 

«,  Village  of  Zaflkrana  on  the  lower  border  of  the  woody  region. 
/  One  of  the  lateral  oooea. 


(,  Montagnnola. 

<ft  d,  Serre  del  Solflsio. 

g,  MonU  BoobL 


ture  of  the  entire  mass,  which,  in  the  Yal  del  Bove,  is  laid  open  to  the 
depth  of  from  3000  to  above  4000  feet  from  the  summit  of  Etna.  The 
geolo^st  thus  enjoys  an  opportumty  of  ascertaining  how  far  the  internal 
conformation  of  the  cone  corresponds  with  what  he  might  have  antici- 
pated as  the  result  of  that  mode  of  increase  which  has  been  witnessed 
during  the  historical  era. 

Description  of  Plate  III. — ^The  accompanying  view  (PI.  III.)  is  part 
of  a  panoramic  sketch  which  I  made  in  November,  1828,  and  may  assist 
the  reader  in  comprehending  some  topographical  detaOs  to  be  alluded 
to  in  tbi  sequel,  although  it  can  convey  no  idea  of  the  picturesque 
grandeur  of  the  scene. 

The  great  lava-currents  of  1819  and  1811  are  seen  pouring  down 
from  the  higher  parts  of  the  valley,  overrunning  the  forests  of  the  great 
plain,  and  rising  up  in  the  foreground  on  the  left  with  a  rugged  surface, 
on  which  many  hillocks  and  depressions  appear,  such  as  often  charac- 
terize a  lava-current  immediately  after  its  consolidation. 

The  small  cone.  No.  7,  was  formed  in  1811,  and  was  still  smoking 
when  I  saw  it  in  1828.  The  other  small  volcano  to  the  left,  from  which 
vapor  is  issuing,  was,  I  believe,  one  of  those  formed  in  1819. 

The  following  are  the  names  of  some  of  the  other  points  indicated  in 
the  sketch : — 

1,  MoBtagauola. 

2,  Torre  del  Filosofa 
8,  Highest  cone. 
4,  Lepra. 


6,  Fiooochia 
6,  Capra. 
'7,  Cone  of  1811. 
8,  Cima  del  ABtna 


9,  MoaanL 

10,  Zocolaro. 

11,  Rooca  di  OalAnna. 


DeseripHon  of  Plate  IV. — ^The  second  view  (PI.  IV.)  represents  the 
same  valley  as  seen  from  above,  or  lookmg  durectly  down  the  Val  del 
Bove,  from  the  summit  of  the  principal  crater  formed  in  1819.*    I  am 

*  lliis  view  18  taken  from  a  aketch  mado  by  Mr.  James  Bridges^  corrected  afUr 
oomparison  with  several  sketches  of  my  own. 


404  ETNA. — ^VAL  DEL  BOVB.  [Ch.  XXV 

unable  to  point  out  the  precise  spot  which  this  crater  would  occupy  in 
the  view  represented  in  Plate  III. ;  but  I  conceive  that  it  would  appear 
in  the  face  of  the  great  precipice,  near  which  the  smoke  issuing  from 
the  cone  No.  1  is  made  to  terminate.  There  are  many  ledges  of  rock 
on  the  face  of  that  precipice  where  eruptions  have  occurred. 

The  circular  form  of  the  Yal  del  Bove  is  well  shown  in  this  view. 
(PI.  lY.)  To  the  right  and  left  are  the  lofty  precipices  which  form  the 
southern  and  northern  sides  of  the  great  valley,  and  which  are  inter- 
sected by  dikes  projecting  in  the  manner  afterwards  to  be  described. 
In  the  distance  appears  the  ''fertile  region"  of  Etna,  extending  like  a 
great  plain  along  the  sea-coast. 

The  spots  particularly  referred  to  in  the  plate  are  the  following : — 

a,  Cape  Spartivento,  in  Italy,  of  which  the  outline  is  seen  in  the  distaiioe. 
6,  The  promoDtory  of  Taormino,  on  the  Sicilian  coast 
Ct  The  river  Alcantra. 

d.  The  small  village  of  Riposto. 
f^  The  town  of  Aci  Reale. 

a,  Gvclopian  islands,  or  **  Faraglioni,"  in  the  Bay  of  Trezza. 

A,  The  great  harbor  of  Syracuse. 

k,  The  Lake  of  Lentinl 

f,   The  city  of  Catania,  near  which  is  marked  tiie  oonrse  of  the  lava  which  flowed 

from  the  Monti  Rossi  in  1669,  and  destroyed  part  of  the  city. 
I,  To  the  left  of  the  view  is  the  crater  of  ISll,  which  is  also  shown  at  Na  T  in 

Plate  III. 
m,  Rock  of  Mosara,  also  seen  at  No.  9  in  Plate  IIL 

e,  Valley  of  CaUnna. 

The  Yal  del  Bove  is  of  truly  magnificent  dimensions,  a  vast  amphi- 
theatre four  or  five  miles  in  diameter,  surrounded  by  nearly  vertical 
precipices,  varying  from  1000  to  above  3000  feet  in  height,  the  loftiest 
being  at  the  upper  end,  and  the  height  gradually  diminishing  on  both 
sides.  The  feature  which  first  strikes  the  geologist  as  distinguishing 
the  boundary  clifi^  of  this  valley,  is  the  prodigious  multitude  of  verticle 
dikes  which  are  seen  in  all  directions  traversing  the  volcanic  beds.  The 
circular  form  of  this  great  chasm,  and  the  occurrence  of  these  countless 
dikes,  amounting  perhaps  to  several  thousands  in  number,  so  forcibly 
recalled  to  my  mind  the  phenomena  of  the  Atrio  del  Cavallo,  on  Yesuvius, 
that  I  at  first  imaged  that  I  had  entered  a  vast  crater,  on  a  scale  as 
far  exceeding  that  of  Somma,  as  Etna  surpasses  Yesuvius  in  magnitude. 

But  I  was  soon  undeceived  when  I  had  attentively  explored  the  dif- 
ferent sides  of  the  great  amphitheatre,  in  order  to  satisfy  myself  whether 
the  semicircular  wall  of  the  Yal  del  Bove  had  ever  formed  the  boundary 
of  a  crater,  and  whether  the  beds  had  the  same  qu4qu&-versal  dip 
which  is  so  beautifully  exhibited  in  the  escarpment  of  Somma.  Had 
the  supposed  analogy  between  Somma  and  the  Yal  del  Bove  held  true, 
the  tufts  and  lavas  at  the  head  of  the  valley  would  have  dipped  to  the 
west,  those  on  the  north  ade  towards  the  north,  and  those  on  the 
southern  side  to  the  south.  But  such  I  did  not  find  to  be  the  inclina- 
tion of  the  beds ;  they  all  dip  towards  the  sea,  or  nearly  east,  as  in  the 
valleys  of  St.  Giacomo  and  Calanna  below. 
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Scenery  of  the  Val  del  Bove, — ^Let  the  reader  picture  to  himself  a 
large  amphitheatre,  five  miles  in  diameter,  and  surrounded  on  three  sides 
bj  precipices  from  2000  to  3000  feet  in  height.  If  he  has  beheld  thai 
most  picturesque  scene  in  the  chain  of  the  Pyrenees,  the  celebrated 
**  cirque  of  Gavamie/'  he  may  form  some  conception  of  the  magnificent 
circle  of  precipitous  rocks  which  inclose,  on  three  sides,  the  great  plain 
of  the  Yal  del  Bore.  This  plain  has  been  deluged  by  repeated  streams 
of  lava ;  and  although  it  appears  almost  level,  when  viewed  from  a  dis- 
tance, it  is,  in  fact,  more  uneven  than  the  surface  of  the  most  tempestuous 
sea.  Besides  the  minor  irregularities  of  the  lava,  the  valley  is  in  one 
part  interrupted  by  a  ridge  of  rocks,  two  of  which,  Musara  and  Capra, 
are  very  prominent.     It  can  hardly  be  said  that  they 

like  giants  stand 


To  sentinel  enchanted  land  ;* 

for  although,  like  the  Trosachs,  in  the  Highlands  of  Scotland,  they  are  of 
gigantic  dimensions,  and  appear  almost  isolated,  as  seen  from  many  points, 
yet  the  stem  and  severe  grandeur  of  the  scenery  which  they  adorn  is 
not  such  as  would  be  selected  by  a  poet  for  a  vale  of  enchantment.  The 
character  of  the  scene  would  accord  far  better  with  Milton's  picture  of 
the  infernal  world ;  and  if  we  imagine  ourselves  to  behold  in  motion,  in 
the  darkness  of  the  night,  one  of  those  fiery  currents  which  have  so  often 
traversed  the  great  valley,  wo  may  well  recall 


"^yon  dreary  plain,  forlorn  and  wild. 


Tbe  seat  of  desolation,  void  of  light, 

Save  what  the  glimmering  of  these  livid  flames 

Casts  pale  and  dreadful" 

The  face  of  the  precipices  already  mentioned  is  broken  in  the  most 
picturesque  manner  by  the  vertical  walls  of  lava  which  traverse  them. 
These  masses  usually  stand  out  in  relief,  are  exceedingly  diversified  in 
form,  and  of  immense  altitude.  In  the  autumn,  their  black  outlme  may 
often  be  seen  relieved  by  clouds  of  fleecy  vapor  which  settle  behind 
them,  and  do  not  disperse  until  mid-day,  continuing  to  fill  the  valley 
while  the  sun  is  shining  on  every  other  part  of  Sicily,  and  on  the  higher 
regions  of  Etna. 

As  soon  as  the  vapors  begin  to  rise,  the  changes  of  scene  are  varied 
in  the  highest  degree,  different  rocks  being  unveiled  and  hidden  by  turns, 
and  the  summit  of  Etna  often  -breaking  through  the  clouds  for  a  moment 
with  its  dazzling  snows,  and  being  then  as  suddenly  withdrawn  from 
the  view. 

An  imusual  silence  prevails ;  for  there  are  no  torrents  dashing  from 
the  rocks,  nor  any  movement  of  running  water  in  this  valley  such  as  may 
almost  invariably  be  heard  in  mountainous  regions.  Every  drop  of  water 
that  falls  from  the  heavens,  or  flows  from  the  melting  ice  and  snow,  is 
instantly  absorbed  by  the  porous  lava ;  and  such  is  the  dearth  of  springs. 


406  ETNA. — DIXEB.  [C&  ZXV. 

thai  the  herdsman  is  compelled  to  supply  his  flocks,  daring  the  hoi  season, 
from  stores  of  snow  laid  up  in  hollows  of  the  mountain  during  winter. 

The  strips  of  green  herbage  and  forest  land,  which  have  here  and  there 
escaped  the  burning  layas,  serve,  by  contrast,  to  heighten  the  desolation 
of  the  scene.  When  I  visited  the  valley,  nine  years  after  the  eruption  of 
1819, 1  saw  hundreds  of  trees,  or  rather  the  white  skeletons  of  trees,  on 
the  borders  of  the  black  lava,  the  trunks  and  branches  being  all  leafless, 
and  deprived  of  their  bark  by  the  scorching  heat  emitted  from  the  melt- 
ed rock ;  an  image  recalling  those  beautiful  lines : — 

— —  **  As  when  heaven's  fire 
Hath  scath'd  the  forest  oaks,  or  mountain  pines, 
With  singed  top  their  stately  growth,  though  bare, 
Stands  on  the  blasted  heath.** 

Form,  composition,  and  origin  of  the  dikes, — But  without  indulging 
the  imagination  any  longer  in  descriptions  of  scenery,  I  may  observe  that 
the  dikes  before  mentioned  form  unquestionably  the  most  interesting 
geological  phenomenon  in  the  Yal  del  Bove.  Some  of  these  are  composed 
of  trachyte,  others  of  compact  blue  basalt  with  olivine.  They  vary  in 
breadth  from  two  to  twenty  feet  and  upwards,  and  usually  project  from 
the  face  of  the  clifls,  as  represented  in  the  annexed  drawing  (fig.  49). 

Fig.  49. 


Dikes  at  the  base  of  the  Serre  del  Solflzio,  Etna. 

They  consist  of  harder  materials  than  the  strata  which  they  traverse,  and 
therefore  waste  away  less  rapidly  under  the  influence  of  that  repeated 
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oQDgelation  and  thawing  to  which  the  rocks  in  this  zone  of  Etna  are  ex* 
posed.  The  dikes  are  for  the  most  part  yertical,  but  sometimes  they 
run  in  a  tortuous  course  through  the  tufis  and  breccias,  as  represented 
in  fig.  50,  In  the  escarpment  of  Somma,  where  similar  walls  of  kva  cut 
through  alt^natang  beds  of  sand  and  scorise»  a  coating  of  coal-black  rock, 
approaching  in  its  nature  and  appearance  to  pitchstone,  is  seen  at  the 
contact  of  the  dike  with  the  intersected  beds.  I  did  not  observe  such 
parting  layers  at  the  junction  of  the  Etnean  dikes  which  I  examined,  but 
they  may  perhaps  be  discoTerable. 


TortQODS  TeiiiA  of  Uva  at  Panto  di  GioineotQ,  Etiuk 

The  geographical  position  of  these  dikes  is  most  interesting,  as  they 
are  yeiy  numerous  near  the  head  of  the  Yal  del  Bove,  where  the  cones 
of  1811  and  1819  were  thrown  up,  as  also  in  that  zone  of  the  mountain 
where  lateral  eruptions  are  frequent ;  whereas  in  the  valley  of  Calanna, 
which  is  below  that  parallel,  and  in  a  region  where  lateral  eruptions  are 
extremely  rare,  scarcely  any  dikes  are  seen,  and  none  whatever  still  lowei 
m  the  valley  of  St.  Giacomo.  This  is  precisely  what  we  might  have' 
expected,  if  we  consider  the  vertical  fissures  now  filled  with  rock  to  have 
been  the  feeders  of  lateral  cones,  or,  in  other  words,  the  channels  which 
gave  passage  to  the  lava-currents  and  scorisa  that  have  issued  from  vente 
in  the  forest  zone.  In  other  parts  of  Etna  there  may  be  numerous  diket 
at  as  low  a  level  as  the  Valley  of  Calanna,  because  the  line  of  lateral 
eruptions  is  not  everywhere  at  the  same  height  above  the  sea ;  but  in 
the  section  above  alluded  to,  there  appeared  to  me  an  obvious  connec- 
tion between  the  frequency  of  dikes  and  of  lateral  eruptions. 

Some  fissures  may  have  been  filled  from  above,  but  I  did  not  see  any 
which,  by  terminating  downwards,  gave  proof  of  such  an  origin.  Almost 
all  the  isolated  masses  in  the  Yal  del  Bove,  such  as  Capra,  Musara,  and 
others,  are  traversed  by  dikes,  and  may,  perhaps,  have  partly  owed  their 
preservation  to  that  circumstance,  if  at  least  the  action  of  occasional 
floods  has  been  one  of  the  destroying  causes  in  the  Yal  del  Bove ;  for 
there  is  nothing  which  affords  so  much  protection  to  a  mass  of  strata 
against  the  undermining  action  of  running  water  as  a  perpendicular  dike 
of  hardrocL 
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In  the  accompanying  drawing  (fig.  51),  the  flowing  of  the  laras  of 
1811  and  1819,  between  the  rocks  Finochio,  Capra,  and  Musara,  is  rep- 
resented. The  height  of  the  two  last-mentioned  isolated  masses  has 
been  much  diminished  by  the  elevation  of  their  base,  caused  by  these 
currents.  They  may,  perhaps,  be  the  remnants  of  lateral  cones  which 
existed  before  the  Yal  del  Bove  was  formed,  and  may  hereafter  be  once 
more  buried  by  the  lavas  that  are  now  accumulating  in  the  valley. 


Fig.  51. 


Yiew  of  the  rocks  Finochio,  Gapn,  and  Moauv,  Yal  dol  Bof. 

From  no  point  of  view  are  the  dikes  more  conspicuous  than  from  the 
sujnmit  of  the  highest  cone  of  Etna ;  a  view  of  some  of  them  is  given  in 
the  annexed  drawing.     (Fig.  52.) 

Eruption  of  1811. — I  have  alluded  to  the  streams  of  lava  which  were 
poured  forth  in  1811  and  1819.  Gemmellaro,  who  witnessed  these 
eruptions,  informs  us  that  the  great  crater  in  1811  first  testified  by  its 
loud  detonations  that  a  column  of  lava  had  ascended  to  near  the  summit 
of  the  mountain.  A  violent  shock  was  then  felt,  and  a  skream  broke  out 
from  the  side  of  the  cone,  at  no  great  distance  from  it?  apex.  Shortly 
after  this  had  ceased  to  flow,  a  second  stream  burst  forth  at  anotr)er 
opening,  considerably  below  the  first ;  then  a  third  still  lower,  and  so  on 
till  seven  difierent  issues  had  been  thus  successively  formed,  all  lyiag 
upon  the  s9.me  straight  line.  It  has  been  supposed  that  this  line  was  a 
perpendicular  rent  in  the  internal  framework  of  the  mountain,  which  rent 
was  probably  not  produced  at  one  shock,  but  prolonged  successively 
downwards,  by  the  lateral  pressure  and  intense  heat  of  the  internal  col- 
umn  of  lava,  as  it  subsided  by  gradual  discharge  through  each  vent.* 

Eruptior.  of  1819. — In  1819  three  large  mouths  or  caverns  opened 
very  near  thr>se  which  were  formed  in  the  eruptions  of  181 1,  from  which 
flames,  red-h/)t  cinders,  and  sand  were  thrown  up  with  loud  explosions. 
A.  few  minutes  t^terwards  another  mouth  opened  below,  from  which 

•  Scrope  on  Volcanoes,  p.  158. 
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Yi«w  from  the  sammit  of  Stna  Into  tho  Yal  del  Bove.* 

dames  and  smoke  issued ;  and  finally  a  fifth,  lower  still,  whence  a  tor- 
rent of  lava  flowed,  which  spread  itself  with  great  velocity  over  the 
deep  and  broad  valley  called  "  Val  del  Bove."  This  stream  flowed  two 
miles  in  the  first  twenty-four  hours,  and  nearly  as  far  in  the  succeeding 
day  and  night.  The  three  original  mouths  at  length  united  into  one 
large  crater,  and  sent  forth  lava,  as  did  the  inferior  apertures,  so  that  an 
enormous  torrent  poured  down  the  "  Val  del  Bove."  When  it  arrived 
at  a  vast  and  almost  perpendicular  precipice,  at  the  head  of  the  Valley 
of  Calanna,  it  poured  over  in  a  cascade,  and,  being  hardened  in  its  de- 
scent, made  an  inconceivable  crash  as  it  was  dashed  against  the  bottom. 
So  immense  was  the  column  of  dust  raised  by  the  abrasion  of  the  tufa* 
ceous  hill  over  which  the  hardened  mass  descended,  that  the  Catanians 
were  in  great  alarm,  supposing  a  new  eruption  to  have  burst  out  in  the 
woody  region,  exceeding  in  violence  that  near  the  summit  of  Etna. 

Mode  of  advance  of  the  lava. — Of  the  cones  thrown  up  during  this 
eruption,  not  more  than  two  are  of  sufficient  magnitude  to  be  num- 
bered among  those  eighty  which  were  before  described  as  adorning  the 
flanks  of  Etna.  The  surface  of  the  lava  which  deluged  the  "  Val  del 
Bove,"  consists  of  rocky  and  angular  blocks,  tossed  together  in  the 

*  This  drawing  is  part  of  a  panoramic  sketch  which  I  made  from  the  sammit 
of  the  ooae,  December  1,  1828,  when  every  part  of  Etna  was  free  from  donds 
except  the  Val  del  Bove.  The  small  cone,  and  the  crater  nearest  the  foreground, 
were  among  those  formed  during  the  eruptions  of  1810  and  1811. 
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utmost  disorder.  Nothing  can  be  more  ragged,  or  more  nnlike  the 
smooth  and  even  superficies,  which  those  who  are  uoacquainted  with 
volcanic  conntries  may  have  pictured  to  themselves,  in  a  mass  of  mat- 
ter which  had  consolidated  horn  a  liquid  state.  Mr.  Scrope  obseived 
thb  current  in  the  year  1819,  slowly  advancing  down  a  considerable 
slope,  at  the  rate  of  about  a  yard  an  hour,  nine  months  after  its  emis- 
sion. The  lower  stratum  being  arrested  by  the  resistance  of  the  ground, 
the  upper  or  central  part  gradually  protruded  itself,  and,  being  unsup- 
ported, fell  down.  This  in  its  turn  was  covered  by  a  mass  of  more 
liquid  lava,  which  swelled  over  it  from  above.  The  current  had  all  the 
appearance  of  a  huge  heap  of  rough  and  large  cinders  rolling  over  and 
over  upon  itself  by  the  effect  of  an  extremely  slow  propulsion  from 
behind.  The  contraction  of  the  crust  as  it  solidified,  and  the  friction 
of  the  scoriform  cokes  against  one  another,  produced  a  crackling  sound. 
Within  the  crevices  a  dull  red  heat  might  be  seen  by  night,  and  vapor 
issuing  in  considerable  quantity  was  visible  by  day.* 

It  was  stated  that  when  the  lava  of  1819  arrived  at  the  head  of  the 
Valley  of  Calanna,  after  flqwing  down  the  Val  del  Bove,  it  descended 
in  a  cascade.  This  stream,  in  fact,  like  many  previous  currents  of 
lava  which  have  flowed  down  successively  from  the  higher  regions  of 
Etna,  was  turned  by  a  great  promontory  projecting  from  the  southern 
side  of  the  Val  del  Bove.  This  promontory  consists  of  the  hills  called 
Zocolaro  and  Calanna,  and  of  a  ridge  of  inferior  height  which  connects 
them.     (See  fig.  53.) 


Fig.  6& 


A,  Zooolara  B,  Monte  di  Oaknna. 

0,  Plain  at  the  head  of  the  Yalley  of  Calanna. 

a,  Lava  of  1819  deaoending  the  predpioe  and  flowing  throng  the  Tallej. 
&,  Lavaa  of  1811  and  1819  flowing  round  the  hill  of  Calanna. 

It  happened  in  1811  and  1819  that  the  flows  of  lava  overtopped  the 
ridge  intervening  between  the  hills  of  Zocolaro  and  Calanna,  so  that 
they  fell  in  a  cascade  over,  a  lofty  precipice,  and  began  to  fill  up  the 
valley  of  Calanna  (a,  fig.  53).  Other  portions  of  the  same  lava-current 
(6)  flowed  round  the  promontory,  and  they  exhibit  one  of  the  peculiar 

*  Scrope  on  Yolcaiioea,  p.  lOi. 
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efaaracteiistics  of  such  streams,  namelj  that  of  becommg  solid  externally, 
eren  while  yet  in  motion.  Instead  of  thinning  out  gradaally  at  th^ 
edges,  their  sides  may  often  be  compared  to  two  rocky  walls  which  are 
sometimes  inclined  at  an  angle  of  between  thirty  and  forty  d^rrees. 
When  such  streams  are  tnmed  from  their  course  by  a  projecting  rock, 
they  move  right  onwards  in  a  new  direction ;  and  in  the  Valley  of 
Cabmna  a  considerable  space  has  thus  been  left  between  the  steep  sides 
of  the  lavas  6  6,  so  deflected,  and  the  precipitous  escarpment  of  Zoco- 
laro.  A,  which  bounds  the  plain  C. 

Lavas  and  breccias, — In  regard  to  the  volcanic  masses  which  are  in- 
tersected by  dikes  in  the  Val  del  Bove,  they  consist  in  great  part  of 
giBystose  lavas,  of  an  intermediate  character  between  basalt  and 
trachyte,  and  partly  of  porphyritic  lava  resembling  trachyte,  but  to 
which  that  name  cannot,  accordmg  to  Von  Buch  and  G.  Rose^  be  in 
strictness  applied,  because  the  felspar  belongs  to  the  variety  called 
Labradorite.  There  is  great  similarity  in  the  composition  of  the  ancient 
and  modem  lavas  of  Etna,  both  consisting  of  felspar,  augite,  olivine, 
and  titaniferous  iron.  The  alternating  brecdas  are  made  up  of  scoriae, 
sand,  and  angular  blocks  of  lava.  Many  of  these  fragments  may  have 
been  thrown  out  by  volcanic  explosions,  ^hich,  falling  on  the  hardened 
fiorface  of  moving  lava-currentsy  may  have  been  carried  to  a  consider- 
able distance.  It  may  also  happen  that  when  lava  advances  very 
dowly,  in  the  manner  of  the  flow  of  1819,  the  angular  masses  re* 
suiting  from  the  frequent  breaking  of  the  mass  as  it  rolls  over  upon 
itself,  may  produce  these  breccias.  It  is  at  least  certain  that  the  upper 
portion  of  the  lava*currents  of  1811  and  1819  now  consist  of  angular 
masses  to  the  depth  of  many  yards.  D'Aubuisson  has  compared  the 
surface  of  one  of  the  ancient  lavas  of  Auvergne  to  that  of  a  river  sud- 
denly frozen  over  by  the  stoppage  of  immense  fragments  of  drift-ice,  a 
description  perfectly  applicable  to  these  modem  Etnean  flows.  The 
thickness  of  the  separate  beds  of  conglomerate  or  breccia  which  are  seen 
in  the  same  vertical  section,  is  often  extremely  different,  varying  from 
3  to  nearly  50  feet,  as  I  observed  in  the  hill  of  Calanna. 

Flood  produced  by  the  melting  of  enow  by  lava. — It  is  possible  that 
some  of  the  breccias  or  conglomerates  may  be  referred  to  aqueous 
causes,  as  great  floods  occasionally  sweep  down  the  flanks  of  Etna, 
when  eruptions  take  place  in  winter,  and  when  the  snows  are  melted 
by  lava.  It  is  trae  that  running  water  in  general  exerts  no  power  on 
Etna,  the  rain  which  falls  being  immediately  imbibed  by  the  porous 
lavas  i  so  that,  vast  as  is  the  extent  of  the  mountain,  it  feeds  only  a  few 
small  rivulets,  and  these,  even,  are  dry  throughout  the  greater  portion 
of  the  year.  The  enormous  rounded  boulders,  therefore,  of  felspar- 
porphyry  and  basalt,  a  line  of  which  can  be  traced  from  the  sea,  from 
near  Giardini,  by  Mascali,  and  Zafarana,  to  the  **  Val  del  Bove,'*  would 
offer  a  perpiCxing  problem  to  the  geolc^t,  if  history  had  not  preserved 
the  meiQorials  of  a  tremendous  flood  which  happened  in  this  district  in 
in  the  year  1756.     It  appears  that  two  streams  of  lava  flowed  in  that 
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fear,  on  the  2d  of  March,  from  the  highest  crater ;  they  were  iinme* 
diately  precipitated  upon  an  enormons  mass  of  snow  which  then  covered 
the  whole  mountain,  and  was  extremely  deep  near  the  summit  The 
sudden  melting  of  this  frozen  mass,  by  a  fiery  torrent  three  nules  in 
length,  produced  a  frightful  inundation,  which  devastated  the  sides  of 
the  mountain  for  eight  miles  in  length,  and  afterwards  covered  the  lower 
flanks  of  Etna,  where  they  were  less  steep,  together  with  the  plains  near 
the  sea,  with  great  deposits  of  sand,  sconce,  and  blocks  of  lava. 

Many  absurd  stories  circulated  in  Sicily  respecting  this  event ;  such  as 
that  the  water  was  boiling,  and  that  it  was  vomited  from  the  highest 
crater;  that  it  was  as  salt  as  the  sea,  and  full  of  marine  shells;  but 
these  were  mere  inventions,  to  which  Recupero,  although  he  relates 
them  as  tales  of  the  mountaineers,  seems  to  have  attached  rather  too 
much  importance. 

Floods  of  considerable  violence  have  also  been  produced  on  Etna  by 
the  fall  of  heavy  rains,  aided,  probably,  by  the  melting  of  snow.  By 
this  cause  alone,  in  1761,  sixty  of  the  inhabitants  of  Acicatena  were 
killed,  and  many  of  their  houses  swept  away.* 

Glacier  covered  hy  a  lava-stream. — A  remarkable  discovery  was  made 
on  Etna  in  1828  of  a  great  miiss  of  ice,  preserved  for  many  years,  per- 
haps for  centuries,  from  melUng,  by  the  singular  accident  of  a  current 
of  red-hot  lava  having  flowed  over  it.  The  following  are  the  facts  in 
attestation  of  a  phenomenon  which  must  at.first  sight  appear  of  so  para- 
doxical a  character.  The  extraordinary  heat  experienbed  in  the  South 
of  Europe,  during  the  summer  and  autumn  of  1828,  caused  the  sup- 
plies of  snow  and  ice  which  had  been  preserved  in  the  spring  of  that 
year,  for  the  use  of  Catania  and  the  adjoining  parts  of  Sicily  and  th^ 
island  of  Malta,  to  fail  entirely.  Great  distress  was  consequently  felt 
for  want  of  a  commodity  regarded  in  those  countries  as  one  of  the  ne- 
cessaries of  life  rather  than  an  article  of  luxury,  and  the  abundance  of 
which  contributes  in  some  of  the  larger  cides  to  the  salubrity  of  the 
water  and  the  general  health  of  the  community.  The  magistrates  of 
Catania  applied  to  Signer  M.  Oemmellaro,  in  the  hope  that  his  local 
knowledge  of  Etna  might  enable  him  to  point  out  some  crevice  or  nat- 
ural grotto  on  the  mountain,  where  drift-snow  was  still  preserved. 
Nor  were  they  disappointed ;  for  he  had  long  suspected  that  a  small 
mass  of  perennial  ice  at  the  foot  of  the  highest  cone  was  part  of  a  laige 
and  continuous  glacier  covered  by  a  lava-current.  Having  procured  a 
large  body  of  workmen,  he  quarried  into  this  ice,  and  proved  the  super- 
position of  the  lava  for  several  hundred  yards,  so  as  completely  to 
satisfy  himself  that  nothing  but  the  subsequent  flowing  of  the  lava  ov^ 
the  ice  could  account  for  the  position  of  the  glacier.  Unfortunately  for 
the  geologist,  the  ice  was  so  extremely  hard,  and  the  excavation  so  ex- 
pensive, that  there  is  no  probability  of  the  operations  bemg  renewed. 

On  the  first  of  December,  1828,  I  visited  this  spot,  which  is  on  the 

*  Ferara,  Descri&  dell*  Etna,  p.  116. 
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soatheast  side  of  the  cone,  and  not  far  above  the  Casa  Inglese ;  but  the 
fresh  snow  had  ahready  nearly  filled  up  the  new  opening,  so  that  it  had 
only  the  appearance  of  the  mouth  of  a  grotto.  I  do  not,  however, 
question  the  accuracy  of  the  conclusion  of  Signor  Gemmellaro,  who, 
bdng  well  acquunted  with  all  the  appearances  of  drift-snow  m  the  fissures 
and  cavities  of  Etna,  had  recognized,  even  before  the  late  excavations, 
the  peculiarity  of  the  position  of  the  ice  m  this  locality.  We  may  sup- 
pose that,  at  the  commencement  of  the  eruption,  a  deep  mass  of  drift- 
snow  had  been  covered  by  volcanic  sand  showered  down  upon  it  before 
the  descent  of  the  lava.  A  dense  stratum  of  this  fine  dust  mixed  wii^ 
scorisB  B  well  known  to  be  an  extremely  bad  conductoi  :>(  heat ;  and 
the  shepherds  in  the  higher  regions  of  Etna  are  accustomed  to  provide 
«rater  for  their  flocks  during  summer,  by  strewing  a  layer  of  volcanic 
sand  a  few  inches  thick  over  the  snow,  which  effectually  prevents  the 
heat  of  the  sun  from  penetrating. 

Suppose  the  mass  of  snow  to  have  been  preserved  from  liquefaction 
until  the  lower  part  of  the  lava  had  consolidated,  we  may  then  readily 
conceive  that  a  glacier  thus  protected,  at  the  height  of  ten  thousand 
feet  above  the  level  of  the  sea,  would  endure  as  long  %9  the  snows  of 
Mont  Blanc,  unless  melted  by  volcanic  heat  from  below.  When  I 
visited  the  great  crater  in  the  banning  of  winter  (December  1st,  1828), 
I  found  the  crevices  in  the  interior  incrusted  with  thick  ice,  and  in 
some  cases  hot  vapors  were  actually  streaming  out  between  masses  of 
ice  and  the  rugged  and  steep  walls  of  the  crater.* 

After  the  discovery  of  Signor  Gemmellaro,  it  would  not  be  surprising 
to  find  m  the  cones  of  the  Icelandic  volcanoes,  which  are  covered  for 
the  most  part  with  perpetual  snow,  repeated  alternations  of  lava-streams 
and  glaciers.  We  have,  indeed.  Lieutenant  Kendall's  authority  for  the 
fact  that  Deception  Island,  in  New  South  Shetland,  lat.  62^  55^  S.,  is 
principally  composed  of  alternate  layers  of  volcanic  ashes  and  ice.f 

Origin  of  the  Val  del  Bove. — It  is  recorded,  as  will  be  stated  in  the 
history  of  earthquakes  (eh.  29),  that  in  the  year  1772  a  great  subsi- 
dence took  place  on  Papandayang,  the  largest  volcano  in  the  island  of 
Java ;  an  extent  of  ground  fifteen  miUe  in  length,  cmd  six  in  breadth, 
covered  by  no  less  than  forty  villages,  was  engulphed,  and  the  cone 
lost  4000  feet  of  its  height.  In  like  manner  the  summit  of  Caiguairazo, 
one  of  the  loftiest  of  the  Andes  of  Quito,  fell  in  on  the  19th  July,  1698 ; 
and  another  mountain  of  still  greater  altitude  in  the  same  chain,  called 
Capac  Urcu,  a  short  time  before  the  conquest  of  America  by  the  Spaniards, 

*  Mr.  Nasmyth,  the  inventor  of  the  Bteam-hammer,  has  lately  illaatrated,  by 
a  very  striking  experiment,  tiie  noD-oondnctibility  of  a  thin  layer  of  dry  sand  and 
olay.  Into  a  caldron  of  iron  one-fourth  of  an  inch  thick,  lined  with  sand  and 
day  five-eighths  of  an  inch  thick,  he  poured  eight  tons  of  melted  iron  at  a  white 
beat.  After  the  fused  metal  had  been  twenty  minutes  in  the  caldron  the  palm 
of  the  hand  could  be  applied  to  the  outside  wi&out  inconvenience,  and  after  forty 
minntes  there  was  not  heat  enough  to  singe  writing-paper.  This  fact  may  help 
vs  to  explain  how  strata  in  contact  with  dikes,  or  oeds  of  fused  matter,  have 
sometimes  escaped  without  perceptible  alteration  by  heat. 

f  Joum.  of  Roy.  Oeograph.  Soo.  voL  I  p.  6^ 
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It  will  also  be  seen  in  the  next  chapter  that,  so  late  as  the  year  1822, 
during  a  violent  earthquake  and  volcanic  eruption  in  Java,  one  side  of 
the  mountain  called  Galongoon,  which  was  covered  by  a  dense  forest^ 
became  an  enormous  gulf  in  the  form  of  a  senucircle.  The  new  cavitj 
was  about  midway  between  the  summit  and  the  plain,  and  surronndeo 
by  steep  rocks. 

Now  we  might  imagine  a  similar  event,  or  a  series  of  subsidences  to 
have  formerly  occurred  on  the  eastern  side  of  Etna,  although  such 
catastrophes  have  not  been  witnessed  in  modem  times,  or  only  on  a 
very  trifling  scale.  A  narrow  ravine,  about  a  mile  long,  twenly  feet 
wide,  and  from  twenty  to  thirty-six  in  depth,  has  been  formed,  witfam 
the  historical  era,  on  the  flanks  of  the  volcano,  near  the  town  of  Masea* 
lucia ;  and  a  small  circular  tract,  called  the  Cistema,  near  the  summit 
sank  down  in  the  year  1792,  to  the  depth  of  about  forty  feet,  and  left 
on  all  sides  of  the  chasm  a  vertical  section  of  the  beds,  exactly  resem- 
bling those  which  are  seen  in  the  precipices  of  the  Yal  del  Bove.  At 
some  remote  periods,  therefore,  we  might  suppose  more  extensive  por« 
tions  of  the  mountdn  to  have  fallen  in  during  great  earthquakes. 

But  we  ought  not  to  exclude  entirely  from  our  speculations  another 
posdble  agency,  by  which  the  great  cavity  may  in  part  at  least  have 
been  excavated,  namely,  the  denuding  action  of  the  sea.  Whether  its 
waves  may  once  have  had  access  to  the  great  valley  before  the  ancient 
por^on  of  Etna  was  upheaved  to  its  present  elevation,  is  a  question 
which  will  naturally  present  itself  to  every  geologist.  Marine  sh^ 
have  been  traced  to  a  hdght  of  800  feet  above  the  base  of  Etna,  and 
would  doubtless  be  seen  to  ascend  much  higher,  were  not  the  structure 
of  the  lower  region  of  the  mountain  concealed  by  floods  of  lava.  We 
cannot  ascertain  to  what  extent  a  change  in  the  relative  level  of  land 
and  sea  may  have  been  carried  m  thb  spot,  but  we  know  that  some  of 
the  tertiary  strata  m  Sicily  of  no  ancient  date  reach  a  height  of  8000 
feet,  and  tl  9  marine  deposits  on  the  flanks  of  Etna,  full  of  recent  species 
of  shells,  may  ascend  to  equal  or  greater  heights.  The  narrow  YaUey 
of  Caknna  leading  out  of  the  Yal  del  Bove,  and  that  of  San  Oiacomo 
lower  down,  have  much  the  appearance  of  ravines  swept  out  by  aqueous 
action. 

Structure  and  origin  of  the  cone  of  Etna. — Our  data  for  framing  a 
correct  theory  of  the  manner  in  which  the  cone  of  Etna  has  acquired  its 
present  dimensions  and  internal  structure  are  very  imperfect,  because  it 
n  on  its  eastern  side  only,  in  the  Yal  del  Bove  above  described,  that  we 
see  a  deep  section  exposed.  Even  here  we  obtain  no  insight  into  the 
mterior  composition  of  the  mountain  beyond  a  depth  of  between  three 
and  four  thousand  feet  below  the  base  of  that  highest  cone,  which  has 
been  several  times  destroyed  and  renewed.  The  precipices  seen  at  the 
head  of  the  Yal  del  Bove,  in  the  escarpment  called  the  Serre  del  Sol* 
fizio,  exhibit  merely  the  same  series  of  alternating  lavas  and  breccias, 
which,  descending  with  a  general  dip  towards  the  sea,  form  the  bound- 
ary cliffs  of  all  other  parts  of  the  Yal  del  Bove.     If  then  we  estimate 
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the  height  of  Etna  at  about  11»(K)0  feet,  we  may  say  that  we  hnow 
from  actual  observation  less  than  one-half  of  its  component  materials, 
assuming  it  to  extend  downwards  to  the  level  of  the  sea ;  namely,  first, 
the  bigl^t  cone,  which  is  about  1000  feet  above  its  base ;  and,  second- 
ly, the  alternations  of  lava,  tu£f,  and  volcanic  breccia,  which  constitute 
the  rocks  between  the  Cistema,  near. the  base  of  the  upper  cone,  and 
the  foot  of  the  precipices  at  the  head  of  the  Val  del  Bove.  At  the 
lowest  point  to  which  the  vertical  section  extends,  there  are  no  ngns  of 
any  approach  to  a  termination  of  the  purely  volcanic  mass,  which  may 
perhaps  penetrate  many  thousand  feet  farther  downwards.  There  is, 
mdeed,  a  rock  called  Rocca  Gianicol€^  near  the  foot  of  the  great  escarp* 
ment,  which  consists  oi  a  large  mass  between  150  and  200  feet  wide, 
not  divided  into  beds,  and  almost  resembling  granite  in  its  stmcture, 
although  agreeing  very  closely  in  mineral  composition  with  the  lavas  of 
Etna  in  general.*  This  mass  may  doubtless  be  taken  as  a  representa- 
tive of  those  crystalline  or  plutonio  formations  which  would  be  met  with 
in  abundance  if  we  could  descend  to  greater  depths  in  the  direction  of 
the  central  axis  of  the  mountain.  For  a  great  body  of  geological  evi- 
dence leads  us  to  conclude,  that  rocks  of  this  class  result  from  the  con- 
solidation, under  great  pressure,  oi  melted  matter,  which  has  risen  up 
and  filled  rents  and  chasms,  such,  for  example,  as  may  communicate 
with  the  principal  and  mmor  vents  of  eruption  in  a  volcano  like  Etna. 

But,  if  we  speculate  on  the  nature  of  the  formation  which  the  lava 
may  have  pierced  in  its  way  upwards,  we  may  fairly  presume  that  a 
portion  of  these  consist  of  marine  tertiary  rocks,  like  those  of  the  ndgh- 
boring  Yal  di  Koto,  or  those  which  skirt  the  borders  of  the  Etnean  cone, 
on  its  southern  and  eastern  sides.  Etna  may,  in  fact,  have  been  at  first 
an  insular  volcano,  raising  its  summit  but  slightly  above  the  level  of  the 
sea ;  but  we  have  no  grounds  for  concluding  that  any  of  the  beds  exposed 
in  the  deep  section  of  the  Yal  del  Bove  have  formed  a  part  of  such 
a  marine  accumulation.  On  the  contraiy,  all  the  usual  signs  of  sub- 
aqueous origin  are  wanting ;  and  even  if  we  believe  the  foundations  of 
the  mountain  to  have  been  laid  in  the  sea,  we  could  not  expect  this  por- 
tion to  be  made  visible  in  sections  which  only  proceed  downwards  from 
the  summit  through  one-half  the  thickness  of  the  mountain,  especially  as 
the  highest  points  attained  by  the  tertiary  strata  in  other  parts  of  Sicily 
very  rarely  exceed  8000  feet  above  the  sea. 

On  the  eastern  and  southern  base  of  Etna,  a  marine  deposit,  already 
alluded  to,  is  traced  up  to  the  height  of  800  or  1000  feet,  before  it  be- 
comes concealed  beneath  that  covering  of  modem  lavas  which  is  contin- 
ually extending  its  limits  during  successive  eruptions,  and  prevents  us 
from  ascertaining  how  much  higher  the  marine  strata  may  ascend.  As 
the  imbedded  shells  belong  almost  entirely  to  spedes  now  inhabiting 
the  Mediterranean,  it  is  evident  that  there  has  been  here  an  upheaval  of 
the  region  at  the  base  of  Etna  at  a  very  modem  period.   It  is  fair,  there- 

*  HoffinaD,  Geognoet.  BeobAchtnngoii,  {k  '701.    Berlin,  1889. 
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fore,  to  infer  that  the  volcanic  nudeus  of  the  mountain,  partly  perhaps  of 
submarine,  and  partly  of  subaerial  origin,  participated  in  this  moTement, 
and  was  carried  up  bodily.  Now,  in  proportion  as  a  cone  gains  height 
by  such  a  movement,  combmed  with  tlie  cumulative  effects  of  eruptions, 
throwing  out  matter  successively  from  one  or  more  central  vents,  the 
hydrostatic  pressure  of  the  columns  of  lava  augments  with  their  increaa- 
bg  height,  until  the  time  arrives  when  the  flanks  of  the  cone  can  no 
longer  resist  the  increased  pressure;  and  from  that  period  they  give 
way  more  readily,  lateral  outbursts  becoming  more  frequent  Hence, 
independently  of  any  local  expansion  of  the  fractured  volcanic  mass, 
those  general  causes  by  which  the  modem  tertiary  strata  of  a  great  part 
of  Sicily  have  been  raised  to  the  height  of  several  thousand  feet  above 
their  original  level,  would  tend  naturally  to  render  the  dischaige  of  lava 
and  scorisB  from  the  summit  of  Etna  less  copious,  and  the  lateral  dis- 
charge greater. 

If,  then,  a  conical  or  dome-shaped  mass  of  volcanic  materials  was 
accumulated  to  the  height  of  4000,  or  perhaps  7000  feet,  before  the  up- 
ward movement  began,  or,  what  is  much  more  probable,  during  the 
continuance  of  the  upward  movement,  that  ancient  mass  would  not  be 
buried  under  the  products  of  newer  eruptions,  because  these  last  would 
then  be  poured  out  chiefly  at  a  lower  level. 

Since  I  visited  Etna  in  1828,  M.  de  Beaumont  has  published  a  most 
valuable  memoir  on  the  structure  and  origin  of  that  mountain,  which  he 
examined  in  1834;*  and  an  excellent  description  of  it  has  also  appeared 
in  the  posthumous  work  of  Hoffmann,  f 

In  M.  de  Beaumont's  essay,  in  which  he  has  explained  his  views  with 
uncommon  perspicuity  and  talent,  he  maintains  that  all  the  alternating 
stony  and  fragmentary  beds,  more  than  3000  feet  thick,  which  are  ex- 
posed in  the  Val  del  Bove,  were  formed  originally  on  a  surface  so  nearly 
flat  that  the  slope  never  exceeded  three  degrees.  From  this  horisootal 
position  they  were  at  length  heaved  up  suddenly  (d'un  seul  coup)  into  a 
great  mountain,  to  which  no  important  additions  have  since  be^  nuide. 
.  Prior  to  this  upthrow,  a  platform  is  supposed  to  have  existed  above  the 
level  of  the  sea,  in  which  various  fissures  opened ;  and  from  these  melt- 
ed matter  was  poured  forth  again  and  agam,  which  spread  itself  around 
in  thin  sheets  of  uniform  thickness.  From  the  same  rents  issued  showers 
of  scoriae  and  fragmentary  matter,  which  were  spread  out  so  as  to  form 
equaUy  imiform  and  horizontal  beds,  intervening  between  the  sheets  of 
lava.  But  although,  by  the  continued  repetition  of  these  operations^  a 
vast  pile  of  volcanic  matter,  4000  feet  or  more  in  thickness,  was  built  up 
precisely  in  that  region  where  Etna  now  rises,  and  to  which  nothing 
similar  was  produced  elsewhere  in  Sicily,  still  we  are  told  that  Etna  was 
not  yet  a  mountain.  No  hypothetical  diagram  has  been  given  to  help 
us  to  conceive  how  this  great  mass  of  materials  of  supramarine  origin 


*  M^m.  pour  Bervir,  Ac,  torn.  iv.  Paris,  1888. 
i  Gepgnort.  Beobaehtangen,  Ac.  Berlin,  1889. 
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eodd  hare  been  disposed  of  in  horisontal  beds,  so  as  not  to  constitute 
an  eaunenoe  towering  far  above  tbe  rest  of  Bicilj;  but  it  is  assumed  that 
a  powerful  force  from  below  at  length  burst  suddenly  through  the  hori- 
abotal  formatioOy  uplifted  it  to  a  considerable  height,  and  caused  the  beds 
to  be,  in  many  places,  highly  inclined.  This  elevatory  force  was  not  all 
eiqpended  on  a  single  central  pcunt  as  Yon  Buch  has  imagined  in  the  case 
of  Palma,  Teoeriffe,  or  Somma,  but  rather  followed  for  a  short'  distance 
a  linear  direction.* 

An^ong  other  objections  that  may  be  advanced  against  the  theory 
above  proposed,  I  may  mention,  first,  that  the  mcreasmg  number  of 
dftes  as  we  approadi  the  head  of  the  Yal  del  Bove,  or  the  middle  of 
Btea,  and  the  great  thickness  of  U&va,  scoriae,  and  coi^lomerates  in  that 
region,  imply  that  the  great  centre  of  eruption  was  always  where  it  now 
IS,  or  nearly  at  the  same  point,  and  there  must,  therefore,  have  been  a 
teodency,  from  the  beginning,  to  a  conical  or  dome-shi4)ed  arrangement 
m  Hie  ejected  materials.  Secondly,  were  we  to  admit  a  great  numbw 
of  separate  points  of  eruption,  scattered  over  a  plain  or  platform,  there 
must  have  been  a  grest  number  of  cones  thrown  up  over  these  different 
vents ;  and  these  hills,  some  of  which  would  probably  be  as  lofty  as 
thoee  now  seen  on  t^e  flanks  of  Etna,  or  from  300  to  750  feet  in  height, 
would  break  the  continuity  of  the  sheets  of  lava,  while  they  would  be- 
come gradually  enveloped  by  them.  The  ejected  materials,  moreover, 
would  slope  at  a  high  angle  on  the  mdes  of  tiiese  cones,  and  where  they 
fell  on  the  surrounding  plain,  would  form  strata  thicker  near  the  base 
of  each  cone  than  at  a  distance. 

What  then  are  the  facts,  it  will  be  asked,  to  account  for  which  this 
hypothesis  of  original  horisontality,  followed  by  a  single  and  sudden 
effort  of  upheaval,  which  gave  to  the  beds  th^r  present  slope,  has  been 
invented  ?  M.  de  Beaumont  observes,  that  in  the  boundary  precipices 
of  the  Yal  del  Bove,  sheets  of  lava  and  uitercalated  beds  of  cinders, 
mixed  with  pulverulent  and  fragmentary  matter  evidently  cast  out 
during  eruptions,  are  sometimes  inclined  at  steep  angles,  var3ring  from 
16^  to  2*7^.  It  is  impossible,  he  says,  that  the  lavas  could  have  flowed 
originally  on  planes  so  steeply  inclined,  for  streams  which  descend  a 
sk^  even  of  10^  from  narrow  stripes,  and  never  acquire  such  a  com- 
pact texture.  Their  thickness,  moreover,  always  inconsiderable,  varies 
wkh  every  variation  of  steepness,  in  the  declivity  down  which  they  flow ; 
whereas,  in  several  parts  of  the  Yal  del  Bove,  the  sheets  of  lava  are 
continuous  for  great  distances,  in  spite  of  their  steep  inclination,  and  are 
dten  compact,  and  perfectly  parallel  one  to  the  other,  even  where  there 
are  more  than  100  beds  of  mterpolated  fragmentary  matter. 

The  intersecting  dikes  also  termmate  upwards  in  many  instances,  at 
different  elevations,  and  blend  (or,  as  M.  de  Beaumont  terms  it,  articu- 
late) with  sheets  of  lava,  which  they  meet  at  right  angles.  It  is  there- 
foreTassumed  that  such  dikes  were  the  feeders  of  the  streams  of  lava 

*  De  BeaaiBQDti  U4m,  poor  tervir,  Acl  torn.  iv.  pp.  187, 188. 
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with  which  they  unite,  and  thej  are  supposed  to  prove  that  the  pisi- 
form, on  the  surface  of  which  Uie  melted  matter  was  poured  oat»  was 
at  first  so  flat,  that  the  fluid  mass  spread  freely  and  equally  in  every 
du'ection,  and  not  towards  one  point  only  of  the  oompass,  as  would 
happen  if  it  had  descended  the  sloping  sides  of  a  cone.  This  ailment 
is  ingeniously  and  plainly  put  in  the  following  terms: — ''Had  the 
melted  matter  poured  down  an  inclined  plane,  after  issuing  from  a  rent» 
the  sheet  of  lava  would,  after  consolidation,  have  formed  an  elbow  with 
the  dike,  like  the  upper  bar  of  the  letter  F,  instead  of  extending  itself 
on  both  sides  like  that  of  a  T."*  li  is  also  contended  that  a  series  of 
sheets  of  lava,  formed  on  a  conical  or  dome-shaped  mountain,  would 
liave  been  more  numerous  at  points  farthest  from  the  central  axis,  since 
every  dike  which  had  been  the  source  of  a  lava-stream,  must  have  ponied 
its  contents  downwards,  and  never  upwards. 

In  reference  to  the  facts  here  stated,  I  may  mention  that  the  dikes 
which  I  saw  in  the  Yal  del  Bove  were  either  vertical,  or  made  almost 
all  of  them  a  near  approach  to  the  perpendicular,  which  could  not  have 
been  the  case  had  they  been  the  feeders  of  horizontal  beds  of  lava,  and 
had  they  consequently  joined  them  originally  at  right  angles,  for  then 
the  dikes,  as  at  a,  b,  c,  fig.  54,  ought  subsequently  to  have  acquired  a 


Fig.  64. 


Dikes  as  they  vrovAA  now  appear  had  they  been  originally  perpendiealar. 

considerable  slope,  like  the  beds  which  they  intersect.  I  may  also.  Urge 
another  objection  to  the  views  above  set  forth,  namely,  that  had  the 
dikes  been  linear  vents,  or  orifices  of  eruption,  we  must  suppose  the 
inter-stratified  scoriae  and  lapilli,  as  well  as  the  lavas,  to  have  come 
out  of  them,  and  in  that  case  the  irregular  heaping  up  of  fragmentary 
matter  around  the  vents  would,  as  before  hinted,  have  disturbed  that 
uniform  thickness  and  parallelism  of  the  beds  which  M.  de  Beaumont 
describes. 

If,  however,  some  of  the  sheets  of  lava  join  the  dikes  in  such  a  man- 
ner, as  to  imply  that  they  were  m  a  melted  state  simultaneously  with 
the  contents  of  the  fissures, — a  point  not  easily  ascertained^  whoe  the 


♦  M^m.  pour  servir,  torn.  iv.  p.  149. 
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precipices  are  for  the  most  part  inaccessibler — the  fact  may  admit  of  a 
different  interpretation  from  that  proposed  by  the  French  geologists. 
Bents  like  those  before  alluded  to  (p.  309),  which  opened  in  the  plain 
of  S.  Lio  in  1669,  filled  below  with  incandescent  lava,  may  haye  Isdn  in 
the  way  of  currents  of  melted  matter  descending  from  higher  openings. 
In  that  case,  the  matter  of  the  current  would  have  flowed  into  the 
fissure  and  mixed  with  the  lava  at  its  bottom.  Numerous  open  rents  of 
thb  kind  are  described  by  Mr.  Dana  as  having  been  caused,  during  a  late 
eruption,  in  one  of  the  volcanic  domes  of  the  Sandwich  Islands.  They 
remained  open  at  various  heights  on  the  slopes  of  the  great  cone,  running 
in  difierent  directions,  and  demonstrate  the  possibility  of  future  junctions 
of  slightly  inclined  lava-streams  with  perpendicular  walls  of  Uva. 

To  me,  therefore,  it  appears  far  more  easy  to  explain  the  uniform 
tluckness  and  parallelism  of  so  many  lavas  and  beds  of  fragm^ntaiy 
matter  seen  in  the  Yal  del  Bove,  by  supposing  them  to  have  issued 
successively  out  of  one  or  more  higher  vents  near  the  summit  of  a  great 
dome,  than  to  imagine  them  to  have  proceeded  from  lateral  dikes  or 
rents  opening  in  a  level  plain.  In  the  Sandwich  Islands,  we  have  ex- 
amples of  volcanic  domes  15,000  feet  high,  produced  by  successive  out- 
pourings from  vents  at  or  near  the  summit  One  of  these»  .Mount  Loa, 
has  a  slope  in  all  directions  of  6^  80';  another,  Mount  Kea,  a  mean 
mclination  of  1^  46'.  That  their  lavas  may  occasionally  consolidate  on 
slopes  of  25°,  and  even  more,  and  still  preserve  conmderable  solidity  of 
texture,  has  been  already  stated ;  see  above,  p.  883. 

We  know  not  how  large  a  quantity  of  modem  lava  may  have  been 
poured  into  the  bottom  of  the  Yal  del  Bove*  yet  we  perceive  that  erup- 
tions breaking  forth  near  the  centre  of  Etna  have  ^ready  made  some 
progress  in  filling  up  this  great  hollow.  Even  within  the  memory  of 
persons  now  living,  the  rocks  of  Masara  and  Capra  have,  as  before 
stated,  lost  much  of  their  height  and  picturesque  grandeur  by  the  piling 
up  of  recent  lavas  round  their  base  (see  fig.  51,  p.  408),  and  the  great 
chasm  has  intercepted  many  streams  which  would  otherwise  have  del- 
uged the  fertile  region  below,  as  has  happened  on  the  side  of  Catania. 
The  volcanic  forces  are  now  laboring,  therefore,  to  repair  the  breach 
which  subsidence  has  caused  on  one  side  of  the  great  cone ;  and  unless 
their  energy  should  decline,  or  a  new  sinking  take  place,  they  may  in 
time  efface  this  inequality.  In  that  event,  the  restored  portion  will  al- 
ways be  unconformable  to  the  more  ancient  part,  yet  it  will  consist,  like 
it,  of  alternating  beds  of  lava,  scorias,  and  conglomerates,  which,  with 
all  their  irregularities,  will  have  a  general  slope  from  the  centre  and 
sununit  of  Etna  towards  the  sea. 

I  shall  conclude,  then,  by  remarking  that  I  conceive  the  general  incli- 
nation of  the  alternating  stony  and  fragmentary  beds  of  the  Yal  del 
Bove,  from  the  axis  of  Etna  towards  its  circumference  or  base,  and  the 
greater  thickness  of  the  volcanic  pile  as  we  approach  the  central  parts  of 
the  mountain,  to  be  due  to  the  preponderance  of  eruptions  from  that 
centre.     These  gave  rise,  fix)m  the  first,  to  a  dome-shaped  mass,  which 
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has  ever  since  been  increasing  in  height  and  area,  being  fractured  agaic 
and  again  by  the  expansive  force  of  vapors,  and  the  several  parts  made 
to  cohere  together  more  firmly  after  the  solidification  of  the  lava  with 
which  every  open  fissure  and  chasm  has  been  filled.  At  the  same  lame 
the  cone  may  have  gained  a  portion  of  its  height  by  the  elevatory  effect 
of  such  dislocating  movements,  and  the  sheets  of  lava  may  have  acquired 
in  some  places  a  greater,  in  others  a  less,  inclination  than  that  which  at 
first  belonged  to  them. 

But  had  the  mountain  been  due  solely,  or  even  principaUy,  to  np- 
hesival,  its  structure  would  have  resembled  that  which  geologists  have  so 
often  recognized  in  dome-shaped  hills,  or  oertam  elevated  regions,  which 
all  consider  as  having  been  thrust  up  by  a  force  from  below.  In  this  case 
there  is  often  an  elliptical  cavity  at  the  summit,  due  partly  to  the  frac- 
ture of  the  upraised  rocks,  but  still  more  to  aqueous  denudation,  as  they 
rose  out  of  the  sea.  The  central  cavity,  or  valley,  exposes  to  view  the 
subjacent  formation  c,  fig.  55,  and  the  incumbent  mass  dips  away  on  aU 

Fl|^66. 


KoB- volcanic  protubdranoe  and  yallej  of  eleyatlon. 

sides  from  the  axis,  but  has  no  tendency  to  thin  out  near  the  base  of  the 
dome,  or  at  x,x;  whereas  at  this  punt  the  volcanic  mass  terminates 
(see  ^g,  66)  and  allows  the  fundamental  rock  c  to  appear  at  the  sutCeum. 
In  the  last  diagram,  the  more  ordinary  case  is  represented  of  a  great 
hollow  or  crater  at  the  summit  of  the  volcanic  cone ;  but  instead  of 

Fig.6e. 


Volcanic  moimtain  and  enter. 

this,  we  have  seen  that  in  the  case  of  Etna  there  is  a  deep  lateral  de- 
pression, called  the  Val  del  Bove,  the  upper  part  of  which  approaches 
near  to  the  central  axis,  and  the  origin  of  which  we  have  attributed  to 
subsidence. 

Antiquity  of  the  cone  of  Etna, — ^It  was  before  remarked  that  confined 
notions  in  regard  to  the  quantity  of  past  time  have  tended,  more  than 
any  other  prepossessions,  to  retard  the  progress  of  sound  theoretical 
views  in  geology  ;*  the  inadequacy  of  our  conceptions  of  the  eartJi's 
antiquity  having  cramped  the  freedom  of  our  speculations  in  this  science, 
very  much  in  the  same  way  as  a  belief  m  the  existence  of  a  vaulted  fir- 
mament once  retarded  the  progress  of  astronomy.  It  was  not  until 
Descartes  assumed  the  indefinite  extent  of  the  celestial  spaces,  and  re- 
moved the  supposed  boundaries  of  the  imirerse,  that  just  opinions  began 

*  P.  62,  mtfirtL 
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to  be  antertotned  of  the  rebitiye  dktanoes  of  the  heaveiily  bodies;  and 
until  we  habituate  ourselves  to  contemplate  the  possibility  of  an  indefi- 
nite lapse  of  ages  having  been  comprised  within  each  of  the  modem 
periods  of  the  earth's  history^  we  shall  be  in  danger  of  forming  most 
erroneous  and  partial  views  in  geology. 

If  hktory  had  bequeathed  to  us  a  faithful  record  of  the  eruptions  of 
Etna,  and  a  hundred  other  of  the  principal  active  vidcanoes  of  the  globe, 
during  the  last  three  thousand  years, — if  we  had  an  exact  account  of  the 
volume  of  lava  and  matter  ejected  during  that  period,  and  the  times 
of  their  production, — ^we  might,  perhaps,  be  able  to  form  a  correct  esti- 
mate of  the  average  rate  of  the  growth  of  a  volcanic  cone.  For  we 
might  obtain  a  mean  result  from  the  comparison  of  the  eruptions  of  so 
great  a  number  of  vents,  however  irregular  might  be  the  development 
of  the  igneous  action  in  any  one  of  them,  if  contemplated  singly  during 
a  brief  period* 

It  would  be  necessary  to  balance  protracted  periods  of  inaction  against 
the  occasional  outburst  of  paroxysmal  explosions.  Sometimes  we  should 
have  evidence  of  a  repose  of  seventeen  centuries,  like  that  which  was 
mterposed  in  Ischia,  between  the  end  of  the  fourth  century  b.  o.,  and  the 
beginning  of  the  fourteenth  century  of  our  era.*  Occasionally  a  tre- 
mendous eruption,  like  that  of  Jorullo,  would  be  recorded,  giving  rise, 
at  once,  to  a  conuderable  mountam. 

If  we  desire  to  approximate  to  the  age  of  a  cone  such  as  Etna,  we 
ought  first  to  obtain  some  data  in  regard  to  the  thickness  of  matter 
which  has  been  added  during  the  historical  era,  and  then  endeavor  to 
estimate  the  time  required  for  the  accumulation  of  such  alternating  lavas 
and  beds  of  sand  and  scori»  as  are  superimposed  upon  each  other  in  the 
Val  del  Bove ;  afterwards  we  should  try  to  deduce,  from  observations 
on  other  volcanoes,  the  more  or  less  rapid  increase  of  burning  mountains 
in  all  the  different  stages  of  their  growth. 

There  is  a  considerable  analogy  between  the  mode  of  increase  of  a 
volcanic  cone  and  that  of  trees  of  exogenous  growth.  These  trees  aug- 
ment, both  in  height  and  diameter,  by  the  successive  application  exter- 
nally of  cone  upon  cone  of  new  ligneous  matter ;  so  that  if  we  make  a 
transverse  section  near  the  base  of  the  trunk,  we  intersect  a  much  greater 
number  of  layers  than  nearer  to  the  summit.  When  branches  occasion- 
ally shoot  out  from  the  trunk,  they  first  pierce  the  bark,  and  then,  after 
growing  to  a  certain  size,  if  they  chance  to  be  broken  off,  they  may  be- 
come inclosed  in  the  body  of  the  tree,  as  it  augments  in  size,  forming 
knots  in  the  wood,  which  are  themselves  composed  of  layers  of  ligneous 
matter,  cone  within  cone. 

In  like  manner,  a  volcanic  mountain,  as  we  have  seen,  consists  of  a 
succession  of  conical  masses  enveloping  others,  while  lateral  cones,  having 
a  nmilar  internal  structure,  often  project,  in  the  first  instance,  like 
branches  from  the  surface  of  the  main  cone,  and  then  becoming  buried 
again,  are  hidden  like  the  knots  of  a  tree. 

•  See  p^  866 
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Wd  can  ascertun  the  age  of  an  oak  or  pine  by  counting  the  number 
of  concentric  rings  of  annual  growth  seen  in  a  transrerse  section  near 
the  base,  so  that  we  may  know  the  .date  at  which  the  seedling^  began  to 
vegetate.  The  Baobab-tree  of  Senegal  {Adansonia  diffitata)  is  supposed 
to  exceed  almost  any  other  in  longevity.  Adanson  inferred  that  one 
which  he  measured,  and  found  to  be  thirty  feet  in  diameter,  had  attained 
the  age  of  6150  years.  Having  made  an  incision  to  a  certain  depth,  he 
first  counted  three  hundred  rings  of  annual  growth,  and  observed  what 
thickness  the  tree  had  gained  in  that  period.  The  average  rate  of  growth 
of  younger  trees,  of  the  same  species,  was  theil  ascertained,  and  the 
calculation  made  according  to  a  supposed  mean  rate  of  increase.  De 
CandoUe  considers  it  not  improbable  that  the  celebrated  Taxodium  of 
Chapultepec,  in  Mexico  {Oupressus  distiehct,  Linn.),  which  is  H7  feet  in 
circumference,  may  be  still  more  aged.* 

It  is,  however,  impossible,  until  more  data  are  collected  respecting 
the  average  intensity  of  the  volcanic  action,  to  make  any  thing  like  an 
approximation  to  the  age  of  a  cone  like  Etna ;  because,  in  this  case,  the 
successive  envelopes  of  lava  and  scoriae  are  not  continuous,  like  the  layers 
of  wood  in  a  tree,  and  afford  us  no  definite  measure  of  time.  Each  con- 
ical envelope  is  made  up  of  a  great  number  of  distinct  lava-currents  and 
showers  of  sand  and  scoriae,  differing  in  quantity,  and  which  may  have 
been  accumulated  in  unequal  periods  of  time.  Yet  we  cannot  fml  to 
form  the  most  exalted  conception  of  the  antiquity  of  this  mountain,  when 
we  consider  that  its  base  is  about  ninety  miles  in  circumference ;  so  that 
it  would  require  ninety  flows  of  lava,  each  a  mile  in  breadth  at  theif 
termination,  to  raise  the  present  foot  of  the  volcano  as  much  as  the 
average  height  of  one  lava-current. 

There  are  no  records  within  the  historical  era  which  lead  to  the  opin« 
ion  that  the  altitude  of  Etna  has  materially  varied  within  the  last  two 
thousand  years.  Of  the  eighty  most  conspicuous  minor  cones  whic^ 
adorn  its  flanks,  only  one  of  the  largest,  Monti  Rossi,  has  been  produced 
within  the  times  of  authentic  history.  Even  this  hill,  thrown  up  in  the 
year  1669,  although  450  feet  in  height,  only  ranks  as  a  cone  of  second 
magnitude.  Monte  Minardo,  near  Bronte,  rises,  even  now,  to  the  height 
of  750  feet,  although  its  base  has  been  elevated  by  more  modem  lavas 
and  ejections.  The  dimensions  of  these  larger  cones  appear  to  bear 
testimony  to  paroxysm  ?  of  volcanic  activity,  after  which  we  may  con- 
clude, from  analogy,  that  the  fires  of  Etna  remained  dormant  for  many 
years — since  nearly  a  century  of  rest  has  sometimes  followed  a  violent 
eruption  in  the  historical  era.  It  must  also  be  remembered,  that  of  the 
small  number  of  eruptions  which  occur  in  a  century,  one  only  is  esti* 
mated  to  issue  from  the  summit  of  Etna  for  every  two  that  proceed  from 
the  sides.  Nor  do  all  the  lateral  eruptions  give  rise  to  such  cones  as 
would  be  reckoned  amongst  the  smallest  of  the  eighty  hills  above  enu- 
merated ;  some  of  them  produce  merely  insignificant  monticules,  whiob 
are  soon  afterwards  buried  by  showers  of  ashes. 

*  On  the  Longevity  of  Trees,  Bibliot.  TTniv,  May,  1881. 
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How  many  years  then  must  we  not  suppose  to  have  been  expended 
in  the  formation  of  the  e^hty  cones  ?  It  is  difficult  to  imagine  that  a 
fourth  part  of  them  have  originated  during  the  last  thirty  centuries. 
But  if  we  conjecture  the  whole  of  them  to  have  been  formed  in  twelve 
thousand  years,  how  inconsiderable  an  era  would  this  portion  of  time 
constitute  in  the  history  of  the  volcano  !  If  we  could  strip  oft  from 
Etna  all  the  lateral  monticules  now  visible,  together  with  the  lavas  and 
scoriee  that  have  been  poured  out  from  them,  and  from  the  highest 
crater,  during  the  period  of  their  growth,  the  diminution  of  the  entire 
mass  would  be  extremely  slight:  Etna  might  lose,  perhaps,  several 
miles  in  diameter  at  its  base,  and  some  hundreds  of  feet  in  elevation ; 
but  it  would  still  be  the  loftiest  of  Sicilian  mountains,  studded  with 
other  cones,  which  would  be  recalled,  as  it  were,  into  existence  by  the 
removal  of  the  rocks  under  which  they  are  now  bmied. 

There  seems  nothing  in  the  deep  sections  of  the  Yal  del  Bove  to  in- 
dicate that  the  lava-currents  of  remote  periods  were  greater  in  volume 
than  those  of  modem  times ;  and  there  are  abundant  proofs  that  the 
countless  beds  of  solid  rock  and  scories  were  accumulated,  as  now,  in 
succession.  On  the  grounds,  therefore,  already  explained,  we  must 
infer  that  a  mass  so  many  thousand  feet  in  thickness  must  have  required 
an  immense  series  of  ages  anterior  to  our  historical  periods  for  its  growth ; 
yet  the  whole  must  be  regarded  as  the  product  of  a  modem  portion  of . 
the  tertiary  epoch.  Such,  at  least»  is  the  conclusion  that  seems  to  fol- 
low from  geological  data,  which  show  that  the  oldest  parts  of  the  moun- 
tain, if  not  of  posterior  date  to  the  marine  strata  around  its  base,  were 
at  least  of  coeval  origin. 

Some  geologists  contend,  that  the  sudden  elevation  of  lai^  continents 
from  beneath  the  waters  of  the  sea  have  again  and  again  produced 
waves  which  have  swept  over  vast  regions  of  the  earth.*  But  it  is 
clear  that  no  devastating  wave  has  passed  over  the  forest  zone  of  Etna 
since  anj  of  the  lateral  cones  before  mentioned  were  thrown  up ;  for 
none  of  these  heaps  of  loose  sand  and  scorise  could  have  resisted  for  a 
moment  the  denuding  action  of  a  violent  flood.  To  some,  perhaps,  it 
may  appear  that  hills  of  such  incoherent  materials  cannot  be  of  very 
great  antiquity>  because  the  mere  action  of  the  atmosphere  must^  in  the 
course  of  several  thousand  years,  have  obliterated  their  original  forms. 
But  there  is  no  weight  in  this  objection  ;  for  the  older  hills  are  covered 
with  trees  and  herbage,  which  protect  them  from  waste ;  and,  in  regard 
to  the  newer  ones,  such  is  the  porosity  of  their  component  materials, 
that  the  rain  which  falls  upon  them  is  instantly  absorbed ;  and  for  the 
same  reason  that  the  rivers  on  Etna  have  a  subterranean  course,  there 
are  none  descending  the  sides  of  the  minor  cones. 

No  sensible  alteration  has  been  observed  in  the  form  of  these  cones 
since  the  earliest  periods  of  which  there  are  memorials;  and  there 
seems  no  reason  for  anticipating  that  in  the  course  of  the  next  ten 

♦  Sedgwick,  Anniv.  Address  to  GeoL  Soc.  p.  86.    Feb.  1881. 
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thousand  ch:  twenty  thousaiid  years  they  will  imdeigo  any  great  altera- 
tion in  their  appearance,  unless  they  should  be  shattered  by  earkhquakfla 
or  covered  by  volcanic  ejections. 

In  other  parts  of  Europe,  as  in  Aurergne  and  Velay,  m  France^ 
siinilar  loose  cones  of  sooritiB,  probably  of  as  high  antiquity  as  the  whole 
mass  of  Etna,  stand  uninjured  at  inferior  elevataona  above  the  levnl  o€ 
the  sea. 


CHAPTER  XXVI. 

Volcanic  eruption  in  Iceland  in  1*788 — ^New  island  thrown  up — Lara  cvrenti  of 
Skaptir  Joknl,  in  aame  year— their  immeDae  volnn&e— Braption  of  Jcmllo  in 
Mexico — ^Hmnboldf  8  theory  of  the  convexity  of  the  plain  of  Malp«iB-*Erap- 
tion  of  QaloogooD  in  Java^—SaboMurioe  volcanoes — Oraham  island,  fenaed  in 
1881— Volcanic  archipelagoes — Submarine  eruptions  in  mid-AtUntie — The 
Canaries — ^Teneriffe— Cones  thrown  up  in  Lancerote,  1780-86— Santorin  and 
its  contiguous  isles — Barren  island  in  the  Bay  of  Bengal — Mud  volcanoes- 
Mineral  composition  of  volcanic  products. 

Voieanic  eruptions  in  Iceland. — ^With  the  exception  of  Etna  and  Ve- 
suvius, the  most  complete  chronological  records  of  a  series  of  eruptions  - 
are  those  of  Iceland,  for  their  history  reaches  as  far  back  as  the  amth 
century  of  our  era;  and,  from  the  beginning  of  the  twelfth  century, 
there  is  clear  evidence  that,  during  the  whole  period,  there  has  never 
been  an  interval  of  more  than  forty,  and  very  rarely  one  of  twenty  yean, 
without  either  an  eruption  or  a  great  earthquake.  So  intense  is  the 
energy  of  the  volcanic  action  in  this  region,  that  some  eruptions  of 
Hecla  have  lasted  six  years  without  ceasing.  Earthquakes  have  often 
shaken  the  whole  island  at  once,  causing  great  changes  in  the  interior, 
such  as  the  sinking  down  of  hills,  the  rending  of  mountains,  the  deser- 
tion by  rivers  of  their  channels,  and  the  appearance  of  new  lakes.* 
New  islands  have  often  been  thrown  up  near  the  coast,  some  of  whieh 
still  exist ;  while  others  have  disappeared,  either  by  subsidence  or  the 
action  of  the  waves. 

In  the  interval  between  eruptions,  innumerable  hot  springs  affoid 
vent  to  subterranean  heat,  and  solfataras  dischaige  copious  streams  of 
inflammable  matter.  The  volcanoes  in  different  parts  of  this  island  are 
observed,  like  those  of  the  Phlegrsan  Fields,  to  be  in  activity  by  turns, 
one  vent  often  servmg  for  a  time  as  a  safety-valve  to  the  rest.  Many 
cones  are  often  thrown  up  in  one  eruption,  and  in  this  case  they  take  a 
linear  direction,  running  generally  from  northeast  to  southwest,  from 
the  northeastern  part  of  the  island,  where  the  volcand  Krabla  lles»  ta 
the  promontory  Reykianas. 

•  Yon  Hofl(  voL  it  p.  898.  ' 
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New  iiland  tkrcwn  up  tn  1^88. — ^The  codtuIbiods  of  the  year  178S 
appear  to  hare  been  more  tremendous  than  any  recorded  in  the  modem 
annab  of  Iceland ;  and  the  original  Danish  narrattTe  of  the  catastrophe, 
drawn  up  in  great  detafl,  has  since  been  sobstantiated  by  sereral  English 
traveUers,  partiealariy  in  r^ard  to  the  prodigions  extent  d  country  laid 
mete,  and  the  Tolome  of  lava  produced.*  About  a  m<»ith  previous  to 
the  eruption  on  the  mainland,  a  submarine  volcano  burst  forth  in  the  sea 
in  hit  63°  25'  N.,  long.  23°  44'  W.,  at  a  distance  of  thirty  miles  m  a 
southwest  direction  from  Cape  Reykianas,  and  ejected  so  much  pumice, 
that  the  ocean  was  covered  with  that  substance  to  the  distance  of  150 
miles,  and  ^hips  were  considerably  impeded  in  their  course.  A  new 
island  was  thrown  up,  cousisfeing  of  high  clifb,  within  which  fire,  smoke, 
and  pumice  were  emitted  from  two  or  three  diflferent  points.  This  island 
was  claimed  by  his  Damsh  Ifajesty,  who  denominated  it  NyOe,  or  the 
New  Island ;  but  before  a  year  ha^  eUpsed,  the  sea  resumed  its  ancient 
'domain,  and  nothing  was  left  but  a  reef  pf  rocks  from  five  to  thirty 
fathoms  under  water. 

Great  eruption  of  Skaptdr  Jokul, — ^Earthquakes  which  had  long  been 
felt  m  Iceland,  became  violent  on  the  11th  of  June,  1783,  when  Skaptiur 
Jokul,  distant  nearly  200  miles  from  NyOe,  threw  out  a  torrent  of  lava 
which  flowed  down  into  the  river  8kapt&,  and  completely  dried  it  up. 
The  channel  of  the  river  was  between  high  rocks,  in  many  places  from 
four  hundred  to  six  hundred  feet  in  depth,  and  near  two  hundred  in 
breadth.  Not  only  did  the  lava  fill  up  this  great  defile  to  the  brink,'  but 
it  overflowed  the  adjacent  fields  to  a  considerable  extent.  The  burning 
flood,  on  issmng  from  the  confined  rocky  gorge,  was  then  arrested  for 
some  time  by  a  deep  lake,  which  formerly  existed  in  the  course  of  the 
river,  between  8kaptardal  and  Aa,  which  it  entirely  filled.  The  current 
then  advanced  again,  and  reaching  some  ancient  lava  full  of  subterra- 
neous caverns,  penetrated  and  melted  down  part  of  it ;  and  in  some 
places,  where  the  steam  could  not  gain  vent,  it  blew  up  the  rock, 
throwing  fragments  to  the  height  of  more  than  150  feet.  On  the  18th 
of  June  another  ejection  of  liquid  htva  rushed  from  the  volcano,  which 
flowed  down  with  amaang  velocity  over  the  surface  of  the  first  stream. 
By  the  damnung  up  of  the  mouths  of  some  of  the  tributaries  of  the 
Skapt&,  many  villages  were  completely  overflowed  with  water,  and  thus 
great  destructbn  of  property  was  caused.  The  lava,  after  flowing  for 
several  days,  was  precipitated  down  a  tremendous  cataract  called  Stap- 
afoss,  where  it  filled  a  profound  abyss,  which  that  great  waterfall  had 

*  The  first  namtive  of  the  erupttoD  was  drawn  np  by  Stephenson,  then 
Chief  Justice  in  Iceland,  appobted  (Jommissioner  h^  the  King  of  Denmark  for 
estimating  the  damage  done  to  the  ooantry,  that  rehef  might  be  afforded  to  the 
sufferers.  Henderson  was  enabled  to  correct  some  of  the  measurements  given 
by  Stephenson,  of  the  depth,  width,  and  length  of  the  lant  cnrrents,  bj  refei^ 
ence  to  the  MS.  of  Mr.  Paulson,  who  visited  Ihe  tract  in  1794,  and  examined  the 
lava  with  attention.  (Journal  of  a  Residence  in  Iceland,  Ac  p.  229.)  Some  of 
the  principal  facts  are  also  corroborated  by  Sir  William  Hooker,  in  his  **  Tour  in 
Iceland,"  voL  il  p.  128. 
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been  hollowing  out  for  ages,  and  alter  this,  the  fiery  currant  again  oon« 
turned  its  course. 

On  the  third  of  August,  fresh  floods  of  lava  still  pouring  from  the 
Yoleano,  a  new  branch  was  sent  off  in  a  different  direction ;  for  the 
channel  of  the  Skaptii  was  now  so  entirely  choked  up,  and  every  open- 
ing to  the  west  and  north  so  obstructed,  that  the  melted  matter  was 
forced  to  take  a  new  course,  so  that  it  ran  in  a  southeast  direction,  and 
discharged  itself  into  the  bed  of  the  river  Hverfisfliot,  where  a  scene  of 
destruction  scarcely  inferior  to  the  former  was  occasioned.  These  Ice- 
landic lavas  (like  the  ancient  streams  which  are  met  with  in  Auvergne, 
and  other  provinces  of  Central  France),  are  stated  by  Stephenson  to 
have  accumulated  to  a  prodigious  depth  m  narrow  rocky  goiges ;  but 
'  when  they  came  to  wide  alluvial  plains,  they  spread  themselves  out  into 
broad  burning  lakes,  sometimes  from  twelve  to  fifteen  miles  wide,  and 
one  hundred' feet  deep.  When  the. ''fiery  lake"  which  filled  up  the 
lower  portion  of  the  valley  gf  the  Skaptii  bad  been  augmented  by  new' 
supplies,  the  lava  flowed  up  the  course  of  the  river  to  the  foot  of  the 
hills  from  whence  the  Skapt&  takes  its  rise.  This  affords  a  parallel  case 
to  one  which  can  be  shown  to  have  happened  at  a  remote  era  in  the 
volcanic  region  of  the  Yivarais  in  France,  where  lava  issued  from  the 
cone  of  Thueyts,  and  while  one  branch  ran  down,  another  more  poweifiii 
stream  flowed  up  the  channel  of  the  river  Ard^he. 

The  sides  of  the  valley  of  the  Skapt^  present  supei'b  ranges  of  basaltic 
columns  of  older  lava,  resembling  those  which  are  laid  open  in  the  val- 
leys descending  from  Mont  Dor,  in  Auvergne,  where  more  modem  lava- 
currents,  on  a  scale  very  inferior  in  magnitude  to  those  of  Iceland,  have 
also  usurped  the  beds  of  the  existing  rivers.  The  eruption  of  Skapt4r 
Jokul  did  not  entirely  cease  till  the  end  of  two  years ;  and  when  Mr. 
Paulson  visited  the  tract  eleven  years  afterwards,  in  1794,  he  found 
columns  of  smoke  still  rising  from  parts  of  the  lava,  and  several  rents 
filled  with  hot  water.* 

Although  the  population  of  Iceland  was  very  much  scattered,  and  did 
not  exceed  fifty  thousand,  no  less  than  twenty  villages  were  destroyed, 
besides  those  inundated  by  water ;  and  more  than  nine  thousand  human 
beings  perished,  together  with  an  immense  number  of  catUe,  partly  by 
the  depredations  of  the  lava,  partly  by  the  noxious  vapors  which  impreg- 
nated the  air,  and,  in  part,  by  the  ^mme  caused  by  showers  of  ashes 
throughout  the  island,  and  the  desertion  of  the  coasts  by  the  fish. 

Immense  volume  qf  the  lava, — But  the  extraordinary  volume  of  melted 
matter  produced  in  this  eruption  deserves  the  particular  attention  of  the 
geologist.  Of  the  two  branches,  which  flowed  in  nearly  opposite  direc- 
tions, the  greatest  was  fifty,  and  the  lesser  forty  miles  in  length.  The 
extreme  breadth  which  the  Skapt&  branch  attained  in  the  low  countries 
was  from  twelve  to  fifteen  miles,  that  of  the  other  about  seven.  The 
ordinary  height  of  both  currents  was  one  hundred  feet,  but  in  narrow 

*  Hendenon'fl  Joamal,  Ac  p  228. 
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defiles' H  sometimes  amounted  to  six  bandred.  Professor  Bischoff  has 
ealenlated  that  the  mass  of  lava  brought  up  from  the  subterraneaa 
regions  by  this  single  emption  **  surpassed  in  magnitude  the  bulk  of 
Mont  Blanc/'*  Bat  a  more  distinct  idea  will  be  formed  of  the  dimen- 
sions of  the  two  streams,  if  we  consider  how  striking  a  feature  they 
would  now  form  in  the  geology  of  England,  had  they  been  poured  out 
on  the  bottom  of  the  sea  after  the  deposition  and  before  the  elevation  of 
our  secondary  and  tertiary  rocks.  The  same  causes  which  have  exca- 
vated valleys  through  parts  of  our  marine  strata,  once  continuous,  might 
have  acted  with  equal  force  on  -the  igneous  rocks,  leaving,  at  the  same 
time,  a  sufficient  portion  imdesiroyed  to  enable  us  to  discover  their  for- 
mer extent.  Let  us,  then,  imagine  the  termination  of  the  Skaptd  branch 
of  lava  to  rest  on  the  escarpment  of  the  inferior  and  middle  oolite,  where 
it  commands  the  vale  of  Gloucester.  The  great  platform  might  be  one 
hundred  feet  thick,  and  from  ten  to  fifteen  miles  broad,  exceeding  any 
which  can  be  found  in  Central  France.  We  may  also  suppose  great 
tabular  masses  to  occur  at  intervals,  capping  the  summit  of  the  Cotswold 
Hills  between  Gloucester  and  Oxford,  by  Northleach,  Burford,  and 
other  towns.  The  wide  valley  of  the  Oxford  clay  would  then  occasion 
an  interruption  for  many  miles ;  but  the  same  rocks  might  recur  on  the 
summit  of  Cumnor  and  Shotover  Hills,  and  all  the  other  oolitic  emi- 
nences of  that  district.  On  the  chalk  of  Berkshh'e,  extensive  plateaus, 
nx  or  seven  miles  wide,  would  again  be  formed ;  and  lastly,  crowmng 
the  highest  sands  of  Highgate  and  Hampstead,  we  might  behold  some 
remnants  of  the  current  five  or  six  hundred  feet  m  thickness,  causing 
those  hills  to  rival,  or  even  to  surpass,  in  height,  Salisbury  Craigs  and 
Arthur's  Seat 

The  distance  between  the  extreme  points  here  indicated  would  not 
exceed  ninety  miles  in  a  direct  line ;  and  we  might  then  add,  at  the  dis- 
tance of  nearly  two  hundred  miles  from  London,  along  the  coast  of 
Dorsetshire  and  Devonshire,  for  example,  a  great  mass  of  igneous  rocks, 
to  represent  thoee  of  contemporary  origin,  which  were  produced  beneath 
the  level  of  the  sea,  where  the  island  of  Ny5e  rose  up. 

Volume  of  ancient  and  modem  flows  of  lava  compared.'^Yei,  gigantic 
as  must  appear  the  scale  of  these  modem  volcanic  operations,  we  must 
be  content  to  regard  them  as  perfectly  insignificant  in  comparison  to 
currents  of  the  primeval  ages,  if  we  embrace  the  theoretical  views  of 
many  geologists,  which  were  not  inaccurately  expressed  by  the  late  Pro- 
fessor Alexander  Brongniart,  when  he  declared  that  ''aux  6poques 
g^ognostiques  anciennes,  tons  les  ph^nom^nes  g^ologiques  se  passoicnt 
dans  des  dimensions  centuples  de  celles  qu'ils  pr^sentent  aujourd'hui."f 
Had  Skaptdr  Jokul,  therefore,  been  a  volcano  of  the  olden  time,  it  would 
have  poured  forth  lavas  at  a  single  eruption  a  hundred  times  more  volu- 
minous than  those  which  were  witnessed  by  the  present  generation  in 

♦  JnmeBon's  Phil  Joum.  vol  xxrl  p  291. 

t  Tableau  des  Terrains  qui  composent  I'Eooroe  da  Globe,  p.  52.    Paris,  1829. 
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1783.  But  it  may,  on  the  eontraiy,  be  aflSrmed  thai,  among  the  oUer 
fomiatioDS,  no  igneous  rock  d  smeh  colooal  magnikide  haa  yet  been  met 
with;  nay,  it  would  be  most  difficult  to  pomt  out  a  maas  of  ancient  data 
(diatmctly  referable  to  a  smgle  eruption)  which  would  even  riyal  in 
volume  the  matter  poured  out  from  Skap^r  Jdcul  in  l78a 

Eruptum  ofJcTuUo  t»  1759. — ^As  another  example  of  the  stupendouB 
scale  of  modem  yolcanic  eruptions,  I  may  mention  that  of  Jorullo  is 
Mezico»  in  1760.  The  great  region  to  wUoh  this  mountain  belongs  has 
already  been  described.  The  plun  of  Malpais  foims  part  of  an  elevated 
platform,  between  two  and  three  thousand  feet  above  the  level  of  the 
sea,  and  is  bounded  by  hills  composed  of  basalt,  trachyte,  and  volcanie 
tttflf,  clearly  indicating  that  the  country  had  previously,  though  probably 
at  a  remote  period,  been  the  theatre  of  igneous  action.  From  the  era 
of  the  discovery  of  the  New  World  to  the  middle  of  the  last  century,  tiie 
district  had  -remained  undistnrbed,  and  the  space,  now  the  site  of  the 
volcano,  which  is  thirty-six  leagues  distant  fixim  the  nearest  sea»  was 
occupied  by  fertile  fields  of  sugar-cane  and  indigo,  and  watered  by  the 
two  hrooka  Cuitimba  and  San  Pedro.  In  the  month  of  June,  1759, 
hollow  sounds  lof  an  alaraaing  nature  were  heard,  and  earthquakes  suc- 
ceeded each  other  for  two  months^  until,  at  the  end  of  September,  flames 
issued  from  the  ground,  and  fragments  of  burning  rocks  were  thrown  to 
prodigious  heights.  Six  volcanic  cones,  composed  of  scori»  and  frag- 
mentary lava,  were  formed  on  the  line  of  a  chasm  which  ran  m  the  direc- 
tion from  N.N.B.  to  &S.  W.  The  least  of  these  cooes  was  800  feetin 
height ;  and  Jorullo^  the  central  volcano,  was  elevated  1600  feet  above 
the  level  of  the  plain.  It  sent  forth  great  streams  of  basaltic  lava,  c(»- 
taining  included  fragments  of  granitic  rocks,  and  its  ejections  did  not 
cease  till  the  month  of  February,  1760.* 

Humboldt  visited  the  country  more  than  forty  yea»  after  this  occur- 
rence, and  was  informed  by  the  Indians,  that  when  they  returned,  long 
after  the  catastrophe,  to  the  plain,  they  found  the  ground  uninhabitable 
from  the  excessive  heat  When  he  himself  visited  the  place,  there 
appeared,  around  the  base  of  the  cones,  and  spreading  from  them,  as 
from  a  centre,  over  an  extent  of  four  square  miles,  a  mass  of  matter  of 
a  convex  form,  about  550  feet  high  at  its  junction  with  the  cones,  and 
gradually  sloping  from  them  in  all  directions,  towards  the  plain.  TtiA 
mass  was  still  in  a  heated  state,  the  temperature  in  the  fissures  being  on 

Fig.  ST. 
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the  decrease  from  year  to  year,  but  in  1780  it  was  still  sufficient  to  light 
a  cigar  at  the  depth  of  a  few  inches.     On  this  slightly  convex  protub^* 

*  Dmubeny  on  YolesnoM,  p.  887. 
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anee,  the  slope  i3t  trfatch  must  form  mi  angle  of  about  6^  with  the  hori- 
zon, were  thousands  of  flattish  eooical  mounds^  from  ax  to  nine  feet  high, 
which,  as  well  as  large  fissures  traversing  the  plain,  acted  as  fmneroks, 
giving  out  clouds  of  sulphmrous  acid  and  hot  aqueous  vapor.  Die  two 
smaU  rivers  before  mentioned  disappeared  during  the  eruption,  losing 
themselves  below  the  eastern  extremity  of  the  plain,  and  reappearing  as 
hot  springs  at  its  western  limit 

Cause  of  the  convexity  of  the  plain  of  ifa/|Mii9.*-HumboIdt  attributed 
the  convexity  of  the  plidn  to  inflation  from  below ;  supposing  the  ground, 
for  four  square  miles  in  extent,  to  have  risen  up  m  the  shape  of  a  blad- 
der to  the  elevation  of  560  feet  above  the  plain  in  the  lughest  part. 
But  Mr.  Scrope  has  suggested  that  the  phenomena  may  be  accounted 
(or  far  more  naturally,  by  supposing  that  lava  flowing  simultane- 
ously from  the  different  orifices,  and  principany  from  Jorullo,  united 
into  a  sort  oi  pool  or  lake.  As  they  were  poured  forth  on  a  snrfiiee 
previously  flat,  they  would,  if  th^  liquidity  was  not  very  great,  remain 
thickest  and  deepest  near  their  source,  and  ^Bminish  in  bulk  from  thence 
towards  the  limits  of  the  space  which  they  covered.  Fresh  supplies 
yrexe  probably  emitted  successively  during  the  eonrse  of  an  eruption 
which  lasted  more  than  half  a  year ;  and  some  of  these,  resting  on  those 
first  emitted,  might  only  spread  to  a  small  distance  from  the  foot  of  the 
cone,  where  they  would  neoessarOy  accumulate  to  a  great  height.  The 
average  slope  of  the  great  dome-shaped  volcanoes  of  the  Sandwich 
Idandfi,  formed  almost  exclusively  of  lava,  with  scarce  any  scoriae,  is 
between  6^  90'  and  1^  46^  so  that  the  inclination  of  the  convex  mass 
around  Jorullo,  if  we  adopt  Mr.  Scrope's  explanation  (see  fig.  61),  is 
quite  in  accordance  with  the  known  laws  which  govern  the  flow  of  lava. 

The  showers,  also,  of  loose  and  pulverulent  matter  from  the  six  cra- 
ters, and  principally  from  Jorullo,  would  be  composed  of  heavier  and 
more  bulky  particles  near  the  cones,  and  would  raise  the  ground  at 
their  base,  where,  mixing  with  rain,  they  might  have  given  rise  to  the 
stratum  of  black  clay,  which  is  described  as  covering  the  lava.  The 
small  conical  mounds  (called  '*  homitos,"  or  little  ovens)  may  resemble 
those  five  or  six  small  hillooks  which  existed  in  1823  on  the  Vesuvian 
lava,  and  sent  forth  columns  of  vapor,  having  been  produced  by  the 
disengagement  of  elastic  fluids  heaping  up  small  dome-shaped  masses 
of  lava.  The  fissures  mentioned  by  Humboldt  as  of  frequent  occurrence, 
are  such  as  might  naturally  accompany  the  consolidation  of  a  thick  bed 
of  lava,  contracting  as  it  congeals ;  and  the  disappearance  of  rivers  is 
the  usual  result  of  the  occupation  of  the  lower  part  of  a  valley  or  plain 
by  lava,  of  which  there  are  many  beautiful  examples  in  the  old  lava- 
currents  of  Auvergne.  The  heat  of  the  "  homitos**  is  stated  to  have 
dhnknshed  from  die  first ;  and  Mr.  Bullock,  who  visited  the  spot  many 
years  after  Humboldt,  found  the  temperature  of  the  hot  spring  very 
low, — a  fact  which  seems  clearly  to  indicate  the  ^rradual  congelation  of 
a  subjacent  bed  of  lava,  which  from  its  immense  thickness  may  have 
been  enabled  to  retain  its  heat  f<Hr  half  a  century.    The  reader  may  be 
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remmded,  that  when  we  thus  suppose  the  kva  n^iur  the  volcaao  to  have 
been,  together  with  the  ejected  ashes,  more  than  fire  hundred  feet  in 
depth*  we  merely  assign  a  thickness  which  the  current  of  Skaptir  John, 
attained  m  some  places  in  1788. 

Bailout  taund  of.  the  plain  to^^n  9truek, — ^Another  aigumait  adduced 
in  support  of  the  theory  of  inflation  from  below,  was,  the  hollow  sound 
made  by  the  steps  of  a  horse  upon  the  plain ;  which,  howe¥er,  proves 
nothing  more  than  that  the  materials  of  which  the  convex  mass  is  com- 
posed are  light  and  porous.  The  sound  called  ''  limbombo"  l^  the 
Italians  is  very  commonly  returned  by  made  ground  when  struck  sharply ; 
and  has  been  observed  not  only  on  the  sides  of  Vesuvius  and  other  yiAr 
canic  cones  where  there  is  a  cavity  below,  but  in  such  regions  as  the 
Campagna  di  Boma,  composed  in  a  great  measure  of  tuff  and  porotts 
volcanic  rocks.  The  reverberation,  however,  may  perhaps  be  assisted 
by  grottoes  and  caverns,  for  these  may  be  as  numerous  in  the  lavas  cf 
Jorullo  as  in  many  of  those  of  Etna ;  but  their  existence  would  lend  no 
countenance  to  the  hypothesis  of  a  great  arched  cavity,  four  square 
miles  in  extent,  and  in  the  centre  550  feet  high^* 

i^o  recent  eruptione  of  Jorullo. — ^In  a  former  edition  I  stated  that  I 
had  been  informed  by  Captain  Vetch,  that  m  1819  a  tower  at  Ghiadft- 
laxara  was  thrown  down  by  an  earthquake,  and  that  ashes,  supposed  to 
have  come  from  Jorullo,  fell  at  the  same  time  at  Guanaxuato,  a  town 
situated  140  English  miles  from  the  volcano.  But  Mr.  Burkhardt,  a 
German  director  of  mines,  who  examined  Jorullo  in  1827,  ascertained 
that  there  had  been  no  eruption  there  since  Humboldt's  vist  in  1808. 
fie  went  to  the  bottom  of  the  crater,  and  observed  a  slight  evolution  of 
sulphurous  acid  vapors,  but  the  "  homitos"  had  entirely  ceased  to  send 
forth  steam.  During  the  twenty-four  years  intervening  between  his 
visit  and  that  of  Humboldt,  vegetation  had  made  great  progress  on  the 
flanks  of  the  new  hills ;  the  rich  soil  of  the  surrounding  country  was 
once  more  covered  with  luxuriant  crops  of  sugar-cane  and  indigo^  and 
there  was  an  abundant  growth  of  natural  underwood  on  all  the  uncul- 
tivated tracts.f 

Oalongoon,  Java,  1822. — ^The  mountain  of  Galongoon  (or  Galung 
Gung)  was  in  1822  covered  by  a  dense  forest,  and  situated  in  a  fruitful 
and  thickly-peopled  part  of  Java.  There  ^as  a  circular  hollow  at  its 
summit,  but  no  tradition  existed  of  any  former  eruption.  In  July,  1822, 
the  waters  of  the  river  Knnir,  one  of  those  which  flowed  from  its  flanks, 
became  for  a  time  hot  and  turbid.  On  the  8th  of  October  following  a 
loud  explosion  was  heard,  the  earth  shook,  and  immense  columns  of  hot 
water  and  boiling  mud,  mixed  with  burning  brimstone,  ashes,  and  lapiUi, 
of  the  size  of  nuts,  were  projected  from  the  mountain  like  a  waterspout, 
with  such  prodigious  violence  that  large  quantities  fell  beyond  the  river 
Tandoi,  which  is  forty  miles  distant.    Every  valley  within  the  nmge  of 

•  See  Scrope  on  Volcanoet,  p  867. 

\  Leonhara  and  BroDo'e  Neaes  Jabrbucb,  1886,  pi  S6b 
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tliis  eruption  became  filled  with  a  boniijig  torreat,  and  tbe  rivers,  swol* 
leh  witb  hot  water  and  mad,  overflowed  th^  banks,  and  carried  away 
great  numbers  of  the  people,  who  were  endeavoring  to  escape,  and  the 
bodies  of  cattle,  wild  beasts,  and  birds.  A  space  of  twenty-four  miles 
between  the  mountain  and  the  river  Tandoi  was  covered  to  such  a 
depth  with  Uuish  mud  that  people  were  buried  m  their  houses,  and 
not  a  trace  of  tbe  numerous  villages  and  plantations  throughout  that 
extent  was  visible.  Within  this  space  the  bodies  of  those  who  perished 
were  buried  in  mud  and  concealed,  but  near  the  &nitB  of  the  volcanic 
action  they  were  exposed,  and  strewed  over  the  ground  in  great  num- 
bers, partly  boiled  and  partly  burnt. 

It  was  remarked,  that  the  boiling  mud  and  dnders  were  projected 
with  such  violence  from  the  mountain,  that  while  many  remote  villages 
were  utterly  destroyed  and  buried,  others  much  nearer  the  volcano 
were  scarcely  injur^. 

The  first  eruption  lasted  nearly  five  hours,  and  on  the  following  days 
the  rain  fell  in  torrents,  and  the  rivers»  densely  charged  with  mud, 
deluged  the  country  far  and  wide.  At  the  end  of  four  da3r8  (October 
12th)  a  second  eruption  occurred  more  violent  than  the  first,  in  which 
hot  water  and  mud  were  again  vomited,  and  great  blocks  of  basalt  were 
thrown  to  the  distance  of  seven  miles  from  tbe  volcano.  There  was  at 
the  same  time  a  violent  earthquake,  and  in  one  account  it  is  stated  that  tbe 
face  of  the  mountain  was  utterly  changed,  its  summits  broken  down,  and 
one  side,  which  had  been  covered  with  trees,  became  an  enormous  gulf 
in  the  form  of  a  semicircle.  This  cavity  was  about  midway  between  the 
'  summit  and  the  plain,  and  surroimded  by  steep  rocks,  said  to  be  newly 
heaped  up  during  the  eruption.  New  hills  and  valleys  are  said  to  have 
been  formed,  and  the  rivers  Banjarang  and  Wulati  changed  their  coms^ 
and  in  one  night  (October  12th)  200Q  persons  were  killed. 

The  first  intimation  which  the  inhabitants  of  Bandong  received  of  this 
calamity  on  the  8th  of  October,  was  the  news  that  the  river  Wulna  was 
bearing  down  into  the  sea  the  dead  bodies  of  meo,  and  the  carcasses  of 
stags,  rhinoceroses,  tigers,  and  other  animals.  The  Dutch  painter  Payen 
determined  to  travel  from  thence  to  the  volcano,  and  he  found  that  the 
quantity  of  the  ashes  diminished  as  he  approached  the  base  of  the  moun- 
tain. He  alludes  to  the  altered  form  of  the  mountain  after  the  12th, 
but  does  not  describe  the  new  semicircular  gulf  on  its  side. 

The  official  accounts  state  that  114  villages  were  destroyed,  and  above 
4000  persons  killed  * 

Submarine  volcanoes. — ^Although  we  have  every  reason  to  believe  that 
volcanic  eruptions  as  well  as  earthquakes  are  common  in  the  bed  of  the 
sea,  it  was  not  to  be  expected  that  many  opportunities  would  occur  to 
scientific  observers  of  witnessing  tjie  phenomena.  The  crews  of  vessels 
have  sometimes  reported  that  they  have  seen  in  different  places  sulphur- 

•  Van  der  Boon  Hesch,  de  Incendiis  Mootiom  Javn,  Aa  Lugd.  Bat  182S ; 
and  Official  Report  of  the  Preadent,  Baron  Van  der  Oapelien ;  alBO,  Von  Bach, 
Bes  Canar.  p  424. 
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ous  smoke,  flame,  jets  of  water,  and  steam,  nsang  up  from  the  sea,  or 
they  have  observed  the  waters  greatlj  discolored,  and  in  a  state  of  vio- 
lent agitation  as  if  boiling.  New  shoals  have  also  been  enooontered,  or 
a  reef  of  rocks  just  emei^g  above  the  smface,  where  previously  tberb 
was  always  supposed  to  have  been  deep  water.  On  some  few  occasioDS 
the  gradual  formation  of  an  island  by  a  submarine  eruption  has  been  ob- 
served, as  that  of  Sabrina»  ia  the  year  1811,  off  St  Michael's  in  the 
AwreA.  The  throwing  up  of  ashes  in  that  case,  and  the  formation  of 
a  cone  about  three  hundred  feet  in  hd^ht,  with  a  crater  in  the  centre, 
closely  resembled  the  ph^omena  usually  accompanying  a  volcanic  enip- 
tion  on  land.  Sabrina  was  soon  washed  away  by  the  waves.  Previous 
eruptions  in  the  same  part  of  the  aea  were  recorded  to  have  happened 
in  1691  and  1720.  The  rise  of  Nyoe,  also,  a  small  island  off  the  coast 
of  Iceland,  in  1783,  has  already  been  alluded  to ;  and  another  volcanic 
isle  was  produced  by  an  einipUon  near  Beikiavig,  on  the  same  coast,  in 
June,  1880.* 

Graham  Island^,  1831. — ^We  have  still  more  recent  and  minute  infor- 
mation respecting  the  appearance,  in  1831,  of  a  new  vdcanic  iskoid  in 
the  Mediterranean,  between  the  S.  W.  coast  of  Sicily  and  that  projecting 
part  of  the  African  coast  where  ancient  Carthage  stood.  The  site  of  the 
iaiand  was  not  any  part  of  the  great  shoal,  or  bank,  called  **  Nerita,"  as 
was  first  asserted,  but  a  spot  where  Captain  W.  H.  Smyth  had  found, 
in  his  survey  a  few  years  before,  a  depth  of  more  than  one  hundred 
fiithoms  water.| 

The  position  of  the  island  (lat.  87^  8'  80"  N.,  long.  12*  42^  15"  R) 
was  about  thirty  miles  S.  W.  of  Sciacoa,  in^  Sicily,  and  thirty-three  nilea 
K.  E.  of  Pantellaria.§  On  the  28thjfof  June,  about  a  fortnight  before 
the  eruption  was  visible,  Sir  Pulteney  Malcolm,  in  passmg  over  the  spot 
in  his  ship,  felt  the  shocks  of  an  earthquake,  as  if  he  had  struck  on  a 
sand-bank ;  and  the  same  shocks  were  felt  on  the  west  coast  of  Sdly, 
in  a  direction  from  S.  W.  to  N.  E.  About  the  10th  of  July,  John 
C(HTao,  the  cap  tarn  of  a  Sicilian  vessel,  reported  that,  as  he  passed  near 
the  place,  he  saw  a  column  of  water  like  a  water-spout,  sixty  feet  high* 
and  800  yards  in  circumference,  rising  from  the  sea,  and  soon  afterwards 
a  dense  steam  in  its  place,  which  ascended  to  the  hdght  of  1800  feet- 
The  same  Corrao,  on  his  return  from  Gii^enti,  on  the  18th  of  July, 
found  a  small  island,  twelve  feet  high  with  a  crater  in  its  centre,  eject- 
ing volcanic  matter,  and  immense  columns  of  vapor ;  the  aeaaroond  bdng^ 

•  Jonrn.  de  G^oL  tome  i. 

f  In  a  former  edition,  I  selected  tlie  iiamei  of  Seiaoea  oat  of  aeroD  wfaicfa  had 
been  proposed ;  bat  the  Boyal  and  Geographiosl  SodetieB  l»«e  bow  adopted 
Graham  Islaad ;  a  name  given  bj  Cspt.  S^honse,  R.  N.,  the  first  who  sacceeded 
in  landing  on  it  Hie  seven  rival  names  an  Nerita»  Ferdinanda,  Hotham,  Graham, 
Oorrao,  Sciacca,  Julia.  As  the  isle  was  visible  for  onlv  about  three  montfai^  this 
is  an  instance  of  a  wanton  multiplication  of  synonyms  which  has  ecarcely  ever  been 
outdone  even  in  the  annals  of  aoology  and  botany. 

1  PhiL  Trans.  1882,  p  265. 

I  Joura  of  Roy.  Gepgraph.  Soa  1880-SL 
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Fonn  oftlieclUb  of  Qnham  Island,  m  leen  from  S.  B.  £.,  distant  one  mile,  7th  Aogoat,  1881.* 

covered  with  floating  cinders  and  dead  fish.    The  scorise  were  of  a 
chocolate  color,  and  the  water  which  boiled  in  the  circular  basin  was  of 


Fifpefli 


view  of  the  interior  of  Graham  Island,  29th  Sept,  1881. 


a  dingy  red.    The  emption  continued  with  great  violence  to  the  end  of 
the  same  month ;  at  which  time  the  island  was  yisited  by  several  per- 


F!g.ea. 


Graham  Island,  29th  Sopt,  1831.t 


*  BhiL  Trans,  part,  il  1882,  reduced  from  drawings  b^  Capt  Wodebouae,  B.  N. 

f  In  tbe  annexed  aketch  (fig.  .60),  drawn  by  IL  Jomyilte,  who  accompanied 
11 C.  Prevoet,  the  beds  seem  to  slope  towards  the  centre  of  the  crater ;  bat  I  am 
informed  bj  H.  Prevost  that  these  lines  were  not  intended  by  the  artist  to  repre- 
.<^i  the  dip  of  the  beds. 

28 
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tfons,  and  among  others  by  Capt.  Swinburne,  B.  N.,  and  M.  Hofi&nann, 
the  Prussian  geologist.  It  was  then  from  fifty  to  lunety  feet  in  height, 
and  three-quarters  of  a  mile  in  circumference.  By  the  4th  of  August 
it  became,  according  to  some  accounts,  above  200  feet  high,  and  three 
miles  in  circumference ;  after  which  it  began  to  diminish  in  size  by  ih« 
action  of  the  waves,  and  it  was  only  two  miles  round  on  the  25th  .of 
August ;  and  on  the  3d  of  September,  when  it  was  carefully  examined 
by  Captain  Wodehouse,  only  three-fifths  of  a  mile  in  cireumference ;  its 
greatest  height  being  then  107  feet.  At  this  time  the  crater  was  about  780 
feet  in  circumference.  On  the  29(h  of  September,  when  it  was  visited 
by  Mens.  C.  Prevost,  its  circumference  was  reduced  to  about  700  yards. 
It  was  composed  entirely  of  incoherent  ejected  matter,  scoriae,  pumice, 
and  lapilli,  forming  regular  strata,  some  of  which  are  described  as  hav- 
ing been  parallel  to  the  steep  inward  slope  of  the  crater,  while  the  rest 
were  inclined  outwards,  like  those  of  Vesuvius.^  When  the  arrangement 
of  the  ejected  materials  has  been  determined  by  their  falling  continually 
on  two  steep  slopes,  that  of  the  external  cone  and  that  of  the  crater, 
which  is  always  a  hollow  inverted  cone,  a  transverse  section  would 

Fig.  61. 


probably  resemble  that  given  in  the  annexed  figure  (01).  But  when  I 
visited  Vesuvius,  in  1828, 1  saw  no  beds  of  scoriaa  inclined  towards  the 
axis  of  the  cone.  (See  ^.  45,  p.  881.)  Such  may  have  once  existed ; 
but  the  explosions  or  subsidences,  or  whatever  causes  produced  the 
great  crater  of  1822,  had  possibly  destroyed  them. 

Few  of  the  pieces  of  stone  thrown  out  from  Graham  Island  exceeded 
a  foot  m  diameter.  Some  fragments  of  dolomitic  limestone  were  inters 
mixed ;  but  these  were  the  only  non- volcanic  substances.  During  the 
month  of  August,  there  occurred  on  Uie  S.  W.  side  of  the  new  »>>And 
a  violent  ebullition  and  sgitation  of  the  sea,  accompanied  by  the  con- 
stant ascension  of  a  column  of  dense  white  steam,  indicating  the  exist- 
ence of  a  second  vent  at  no  great  depth  from  the  surface.  Towaitls 
the  close  of  October,  no  vestige  of  the  crater  renuuned,  and  the  island 
was  nearly  levelled  with  the  surface  of  the  ocean,  with  the  exception, 
at  one  point,  of  a  small  monticule  of  sand  and  scorin.  It  was  reported 
that,  at  the  commencement  of  the  year  following  (1882),  there  was  a 
depth  of  150  feet  where  the  island  had  been:  but  this  account  was 
quite  erroneous ;  for  in  the  early  part  of  that  year  Captain  Swinburne 
found  a  shoal  and  discolored  water  there,  and  towards  the  end  of  1833 
A  dangerods  reef  existed  of  an  oval  figure,  about  three-fifths  of  a  mile 
la  extent.    In  the  centre  was  a  black  rock,  of  the  diameter  of  *abont 

*  See  Mamoir  by  K.  0.  Frevoet^  AniL.deB  Sd.  Nat  torn,  xziv. 
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ttmity-stx  fathoms,  from  nine  to  eleven  feet  under  water ;  and  round 
tlufi  rock  are  banks  of  black  volcanic  stones  and  loose  sand.  At  the 
distance  of  sixty  fathoms  from  this  central  mass,  the  depth  increased 
rapidly.  There  was  also  a  second  shoal  at  the  distance  of  450  feet 
S.  W.  of  the  great  reef,  with  fifteen  feet  water  over  it,  also  composed 
of  rock,  surrounded  by  deep  sea.  We  can  scarcely  doubt  that  the  rock 
in  the  middle  of  the  larger  reef  is  solid  lava,  which  rose  up  in  the  princi- 
pal crater,  and  that  the  second  shoal  marks  the  site  of  the  submarine 
eruption  observed  in  August,  1631,  to  the  S.  W.  of  the  island. 

From  the  whole  of  the  facts  above  detailed,  it  appears  that  a  hill 
eight  hundred  feet  or  more  in  height  was  formed  by  a  submarine  vol- 
canic vent,  of  which  the  upper  part  (only  about  two  hundred  feet  high) 
emerged  above  the  waters,  so  as  to  form  an  island.  This  cone  must 
have  been  equal  in  size  to  one  of  the  largest  of  the  lateral  volcanoes  on 
the  flanks  of  Etna,  and  about  half  the  height  of  the  mountam  Jorullo 
in  Mexico,  which  was  formed  in  the  course  of  nine  months,  m  1759.  In 
the  centre  of  the  new  volcano  a  large  cavity  was  kept  open  by  gaseous 
discharges,  which  threw  out  scorie ;  and  fluid  lava  probably  rose  up 
m  this  cavity.  It  is  not  uncommon  for  small  subsidiary  craters  to  open 
near  the  summit  of  a  cone,  and  one  of  these  may  have  been  formed  in 
the  case  of  Graham  Island ;  a  vent,  perhaps,  connected  with  the  main 
channel  of  discharge  which  gave  passage  in  that  direction  to  elastic 
fluids,  8«oiis9,  and  melted  lavia.  It  does  not  appear  that,  either  from 
this  duct,  or  from  the  principal  vent,  there  was  any  overflowing  of  lava ; 
b«it  melted  rock  may  have  flowed  from  the  flanks  or  base  of  the  cone 
(a  common  occurrence  on  land),  and  may  have  spread  in  a  broad  sheet 
over  the  bottom  of  the  sea. 

The  dotted  lines  in  the  annexed  figure  are  an  imaginary  restoration 
of  the  upper  part  of  the  cone,  now  removed  by  the  waves :  the  strong 
Hnes  represent  the  part  of  the  Tolcano  which  is  still  under  water :  in 
the  centre  is  a  great  column,  or  dike,  of  solid  lava,  two  hundred  feet  in 
diameter,  supposed  to  fill  the  space  by  which  the  gaseous  fluids  rose ; 
and  on  each  side  of  the  dike  is  h  stratified  mass  of  scorise  and  fragmen- 

Flg.63. 
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tary  lava.  The  solid  nucleus  of  the  reef,  where  the  black  rock  is  now 
found,  withstands  the  movements  of  the  sea;  while  the  surrounding 
loose  tuffs  are  cut  away  to  a  somewhat  lower  level.    In  thb  manner  the 

•GeolofFifeaiidtheLoaii«u,p.41.    Edb.  1889. 
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lava,  which  was  the  lowest  part  of  the  island,  or,  to  speak  more  cor 
rectly,  which  scarcely  ever  rose  above  the  level  of  the  sea  when  the 
island  existed,  has  now  become  the  highest  point  in  the  reef. 

No  appearances  observed,  either  during  the  eruption  or  smce  the 
island  disappeared,  gave  the  least  support  to  the  opinion  promulgated 
by  some  writers,  that  part  of  the  ancient  bed  of  the  sea  had  been  lifted 
up  bodily. 

The  solid  products,  says  Dr.  John  Davy,  whether  they  consisted  of 
sand,  light  cinders,  or  vesicular  lava,  differed-  more  in  form  than  in 
composition.  The  lava  contained  augite ;  and  the  specific  gravity  was 
2*07  and  2*70.  When  the  light  spongy  cinder,  which  floated  on  the 
sea,  was  reduced  to  fine  powder  by  trituration,  and  the  greater  part  of 
the  entangled  air  got  rid  of,  it  was  found  to  be  of  the  specific  gravity 
2*64 ;  and  that  of  some  of  the  sand  which  fell  in  the  eruption  was 
2*75  ;*  so  that  the  materials  equalled  ordinary  granites  m  weight  and 
solidity.  The  only  gas  evolved  in  any  considerable  quantity  was  car- 
bonic acid.f 

Submarine  eruptions  in  mid-Atlantie. — In  the  Nautical  Magaane  foi* 
1835,  p.  642,  and  for  1838,  p.  361,  and  in  the  Comptes  Rendus,  April, 
1838,  accounts  are  given  of  a  series  of  volcanic  phenomena,  earthquakes, 
troubled  water,  floating  scoriae  and  columns  of  smoke,  which  have  been 
observed  at  intervals  since  the  middle  of  the  last  century,  in  a  space  of 
open  sea  between  longitudes  20°  and  22°  west,  about  half  a  degree 
south  of  the  equator.  These  facts,  says  Mr.  Darwin,  seem  to  show, 
that  an  island  or  an  archipelago  is  in  process  of  formation  in  the  middle 
of  the  Atlantic ;  a  line  joining  St.  Helena  and  Ascension  would,  if  pio- 
lopged,  intersect  this  slowly  nascent  focus  of  volcamc  action.^  8bould 
land  be  eventually  formed  here,  it  will  not  be  the  first  that  has  been 
produced  by  igneous  action  in  this  ocean  since  it  was  inhabited  by  the 
existing  species  of  testacea.  At  Porto  Praya  in  St.  Jago,  one  of  the 
Azores,  a  horizontal,  calcareous  stratum  occurs,  containing  shells  of 
recent  marine  species,  covered  by  a  great  sheet  of  basalt  eighty  feet 
thick.§  It  would  be  difficult  to  estimate  too  highly  the  coramerdal 
and  political  importance  which  a  group  of  islands  might  acquire,  if  in 
the  next  two  or  three  thousand  years  they  should  rise  in  mid-ocean 
between  St.  Helena  and  Ascension. 

CANABT  ISLANDS. 

Eruption  in  Lancerote,  1730  to  1736. — The  effects  of  an  eruption 
which  happened  in  Lancerote,  one  of  the  Canary  Islands,  between  the 
years  1730  and  1736,  were  very  remarkable;  and  a  detailed  descrip- 
tion has  been  published  by  Von  Buch,  who  had  an  opportimity,  when 
he  visited  that  island  in  1815,  of  comparing  the  accounts  transmitted  to 
us  of  the  event,  with  the  present  state  and  geological  appearances  of  the 

•  FhiL  TniM.  1882,  p.  248.  f  Ibid.  p.  849 
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country.*  On  the  Ist  of  September,  11  SO,  the  earth  split  open  on  a 
sudden  two  leagues  from  Taira.  In  one  night  a  considerable  hill  of 
ejected  matter  was  thrown  up ;  and,  a  few  days  later,  another  yen! 
opened,  and  gave  out  a  laya-stream,  which  overran  Chinanfaya  and 
other  Tillages.  It  flowed  first  rapidly,  like  water,  but  became  after- 
wards heavy  and  slow,  like  honey.  On  the  7th  of  September  an  im- 
mense rock  was  protruded  from  the  bottom  of  the  lava  with  a  noise  like 
thunder,  and  the  stream  was  forced  to  change  its  course  from  N.  to 
N.  W.,  so  that  St.  Cataiina  and  other  villages  were  overflowed. 

Whether  this  mass  was  protruded  by  an  earthquake,  or  was  a  mass 
of  ancient  lava,  blown  up  like  that  before  mentioned  in  1783  in  Iceland, 
b  not  explained. 

On  the  11th  of  September  more  lava  flowed  out,  and  covered  the 
village  of  Maso  entirely,  and  for  the  space  of  eight  dajs  precipitated 
itself  with  a  horrible  roar  into  the  sea.  Dead  fish  floated  on  the  waters 
in  indescribable  multitudes,  or  were  thrown  dying  on  the  shore.  After 
a  brief  interval  of  repose,  three  new  openings  broke  forth  immediately 
from  the  site  of  the  consumed  St.  Catalina,  and  sent  out  an  enormous 
quantity  of  lapilli,  sand,  and  ashes.  On  the  28th  of  October  the  cattle 
throughout  the  whole  country  dropped  lifeless  to  the  ground,  suffocated 
by  putrid  vapors,  which  condensed  and  fell  down  in  drops.  On  the 
1st  of  December  a  lava-stream  reached  the  sea,  and  formed  an  island, 
round  which  dead  fish  were  strewed. 

Numher  of  cones  thrown  up, — It  is  imnecessary  here  to  give  the 
detsuls  of  the  overwhelming  of  other  places  by  fiery  torrents,  or  of  a 
storm  which  was  equally  new  and  terrifying  to  the  inhabitants,  as  they 
had  never  known  one  in  their  country  before.  On  the  10th  of  January, 
1731,  a  high  hill  was  thrown  up,  which,  on  the  same  day,  precipitated 
itself  back  again  into  its  own  crater ;  fiery  brooks  of  lava  flowed  from  it 
to  the  sea.  On  the  3d  of  February  a  new  cone  arose.  Others  were 
thrown  up  in  March,  and  poured  forth  lava-streams.  Numerous  other 
volcanic  cones  were  subsequently  formed  in  succession,  till  at  last  their 
number  amounted  to  about  thirty.  In  June,  1731,  during  a  renewal  of 
the  eruptions,  all  the  banks  and  shores  in  the  western  part  of  the  island 
were  covered  with  dying  fish,  of  different  species,  some  of  which  had 
never  before  been  seen.  Smoke  and  flame  arose  from  the  sea,  with 
loud  detonations.  These  dreadful  commotions  lasted  without  interrup- 
tion for  five  successive  years,  so  that  a  great  emigration  of  the  inhabitants 
became  necessary. 

Their  linear  direction, — As  to  the  height  of  the  new  cones.  Von  Buch 
was  assured  that  the  formerly  great  and  flourishing  St.  Catalina  lay 
buried  under  hills  400  feet  in  height ;  and  he  observes  that  the  most 
elevated  cone  of  the  series  rose  600  feet  above  its  base,  and  1378  feet 
above  the  sea,  and  that  several  others  were  nearly  as  high.    The  new 

*  This  aooount  was  principallj  derived  by  Von  Bach  from  the  MS.  of  Don 
Andrea  Lorenzo  Curbeto,  curate  of  Yaira,  the  point  where  the  eruption  began. 
— ITeber  einen  vulcanischen  Ausbruch  auf  der  Insel  Lonzerote. 
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.vents  were  all  arrasged  in>  one  Ime^  about  two  geograplucal  milea  long, 
and  in  a  direction  nearly  eaat  and  west  If  we  admit  the  probability  of 
Von  Buck's  c<»>jecture»  that  the^  vents  opened  al^ng  the  line  of  a  cleft» 
it  seems  necessary  to  suppose  that  this  subterranean  fissure  was  only 
prolonged  upwards  to  the  surface  .by  d^ees,  and  that  the  rent  was 
narrow  at  firsts  as  b  usually  the  case  with  fissures  caused  by  earth- 
quakes. Lava  and  elastic  fluids  might  escape  from  some  point  on  the 
rent  where  there  was  least  resistance,  till,  the  first  aperture  becoming 
obstructed  by  ejections  and  the  consolidation  of  Java,  other  orifices  burst 
open  in  succession  along  the  line  of  the  original  fissure.  Yon  Puch 
found  that  each  crater  was  lowest  on  that  side  on,  which  lava  h^id 
issued ;  but  some  craters  were  not  breached,  and  were  without  any  lava 
streams.  In  one  of  these  were  open  fissures,  out  of  which  hot  vapors 
rose^  which  in  181£  raised  the  thermometer  to  145^  Fahrenheit,  and 
was  probably  at  the  boiling  point  lower  down.  The  exhalations 
seemed  to  consist  of  aqueous  vapor ;  yet  they  could  not  be  pure  steam, 
for  the  crevices  were  iacrusted  on  either  «de  by  siliceous  sinter  (an 
opaUlike  hydrate  of  sSioa  of  a  white  color),  which  extended  almost  to 
the  middle.  This  important  fact  attests  the  length  of  time  during 
which  chemical  processes  continue  after  eruptions,  and  how  open  fissures 
may  be  filled  up  laterally  by  mmeral  matter,  sublimed  from  volcanic 
exhalations.  The  lavas  of  this  eruption  covered  nearly  a  third  of  the 
whole  island,  often  forming  on  slightly  inclined  planes  great  horizontal 
sheets  several  square  leagues  in  area,  resembling  very  much  the  basaltic 
platforms  of  Auvergne. 

Pretended  dUHnction  betvfeen  ancient  and  modem  lavas. — One  of  the 
new  lavas  was  observed  to  contain  masses  of  olivine  of  an  olive-green 
color,  resembling  those  which  occur  in  one  of  the  lavas  of  the  Vivaraisw 
Yon  Buch  supposes  the  great  crystals  of  olivine  to  have  been  derived 
from  a  previously  existing  basalt  melted  up  by  the  new  volcanoes ;  but 
we  have  scarcely  sufficient  data  to  bear  out  such  a  conjecture.  Th0 
older  rocks  of  the  island  consbt,  in  a  great  measure,  of  that  kind 
of  basaltic  lava  called  dolerite,  sometimes  columnar,  and  partly  of  com- 
mon basalt  and  amygdaloid.  Some  recent  lavas  assumed,  on  entering 
the  sea,  a  prismatic  form,  and  so  much  resembled  the  older  lavaa  of 
the  Canaries,  that  the  only  geological  distinction  which  Yon  Buch 
appears  to  have  been  able  to  draw  between  them  was,  that  they  did 
not  alternate  with  conglomerates,  like  the  ancient  basalts.  Some 
modem  writers  have  endeavored  to  discover,  in  the  abundance  of  these 
conglomerates^  a  proof  of  the  dissimilarity  of  the  volcanic  action  in 
ancient  and  modem  times ;  but  this  character  is  more  probably  attribu- 
table to  the  difference  between  submarine  operations  and  those  on  the 
land.  All  the  blocks  and  imperfectiy  rounded  fragments  of  lava,  trans? 
ported  during  the  intervals  of  eraption,  by  rivers  and  torrents,  into  the 
adjoining  sea,  or  tom  by  the  continued  action  of  the  waves  from  clifib 
which  are  undermined,  must  accumulate  in  stratified  breccias  and  con- 
glomerates, and  be  covered  again  and  again  by  other  lavas.    This  is 
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sow  taking  place  on  the  shores  of  Sici]y»  between  Catania  and  Trem, 
where  the  sea  brei^  down  and  covers  the  shore  with  blocks  and  pob* 
Ues  of  the  modem  lavaa  of  Etna;  and  on  parts  of  the  coast  of  Ischia, 
where  numerous  currents  of  trachyte  are  in  like  manner  undermined  in 
loftj  precipices.  So  often,  Ihen,  as  an  island  is  raised  in  a  Yolcanio 
archipelago  by  earthquakes  from  the  deep,  the  fundamental  and  (rela^ 
tively  to  all  abore)  the  oldest  lava  will  often  be  distinguishable  from 
those  formed  by  subsequent  eruptions  on  dry  land,  by  their  alternation 
with  beds  of  sandstone  and  fragmentary  rocks. 

The  supposed  want  of  identity,  then,  between  the  volcanic  phenomena 
of  different  epochs  resolves  itself  partly  tkt  least  into  the  marked  differ* 
ence  between  the  operations  simultaneously  in  piogress,  above  and  below 
the  waters.  Such,  indeed,  is  the  source,  as  was  before  stated  in  the  First 
Book  (Chap.  Y.),  of  many  of  our  strongest  theoretical  prejudices  in  ge- 
ology. No  sooner  do  we  study  and  endeavor  to  ezplam  submarine  ap- 
pearances, than  we  feel,  to  use  a  common  expression,  out  of  our  element; 
and  unwilling  to  concede  that  our  extreme  ignorance  oi  processes  now 
continually  going  on  can  be  the  cause  of  our  perplexity,  we  take  refuge 
in  a  "pre-existent  order  of  nature." 

Becent  formation  of  oolitic  travertin  «nikmc6ro<0.-*-Throughout  a  con- 
siderable part  of  Lancerote,  the  old  lavas  are  covered  by  a  thin  stratum 
of  limestone^  from  an  inch  to  two  feet  in  thickness.  It  is  of  a  hard  sta- 
kctidc  nature,  sometimes  oolitic,  like  the  Jura  limestone,  and  contains  frag- 
ments of  lava  and  terrestrial  shells,  chiefly  helices  and  s]»ral  bulimi.  It 
sometimes  rises  to  the  height  of  800  feet  above  the  level  of  the  sea.  Yon 
Bttch  ima^nes  that  this  remarkable  superstratum  has  been  produced  by 
the  furious  northwest  storms,  which  in  winter  drive  the  spray  of  the  sea 
in  clouds  over  the  whole  island ;  from  whence  calcareous  particles  may 
be  deposited  stalactitically.  Mr.  Darwin  informs  me  that  he  found  a 
limestone  in  St.  Helena,  the  harder  parts  of  which  correspond  precisely  to 
the  stone  of  Lancerote.  He  attributes  the  origm  of  this  rock  in  St.  Helena 
not  to  the  spray  of  the  sea,  but  to  drifting  by  violent  winds  of  the  finer 
particles  of  shells  from  the  sea-beach.  Some  parts  of  this  drift  are  sub- 
sequently dissolved  by  atmospheric  moisture,  and  redeposited,  so  as  to 
convert  calcareous  sand  into  oolite. 

Jiecent  eruption  inZancerote. — ^From  the  year  1736  to  1815,  when  Yon 
Buch  visited  Lancerote,  there  had  been  no  eruption ;  but,  in  August,  1 824, 
a  crater  opened  near  the  port  of  Bescif,  and  formed  by  its  ejections,  in 
the  space  of  twenty-four  hours,  a  considerate  hill.  Yiolent  earthquakes 
preceded  and  accompanied  this  eruption.* 

Teneriffe, — The  Peak  of  Teneriffe  is  about  12,000  feet  high,  and  stands, 
says  Yon  Buch,  like  a  tower  encircled  by  its  fosse  and  bastion.  The  bas- 
tion consists,  like  the  semicircular  escarpment  of  Somma  turned  towards 
Yesuvius^  of  precipitous  cliffs,  composed  of  trachyte,  basalt,  coarse  con- 
glomerates, and  tu£Bs,  traversed  by  volcanic  dikes,  mostiy  vertical,  and  of 

*  Ftaaeae^  Bulletin  des  Sel  Nat  tome  v.  pi  45 :  1826. 
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basalt.  These  clifis  vary  m  height  from  1000  to  1800  feet,  and  are  sup- 
posed by  Yon  Buch  to  have  been  heaved  up  into  their  present  position 
by  a  force  exerted  from  below,  in  accordance  with  the  tiieory  proposed 
by  the  same  author  for  the  origin  of  the  cones  of  Yesnyius  and  £tna« 
According  to  the  observations  of  M.  Deville  in  1839*,  the  trachytes  are 
often  granitoid  in  their  aspect,  and  contiun  instead  of  glassy  felspar  the 
allied  mineral  called  oligoclase,  which  had  been  previously  con»dered  aa 
characteristic  of  more  ancient  igneous  rocks.  The  same  traveller  sup- 
poses, although  he  found  no  limestone  or  trace  of  fossils  in  any  of  the 
rocks  of  Teneriffe,  that  the  alternating  trachytes  and  trachytic  conglom- 
erates originated  beneath  the  sea.  If  this  opinion  be  correct,  and  it  k 
at  least  very  probable,  geologists  may  still  speculate  on  two  modes  in 
which  the  mass  of  the  island  acquired  its  present  form  and  elevatioB 
above  the  sea.  Ist,  The  advocates  of  Yon  Buch's  crater-of-elevation 
hypothesis  may  imagine  that  a  succession  of  horizontally  superimposed 
beds  were  upheaved  by  a  sudden  movement,  and  tilted  so  as  to  dip  in 
all  directions  outwards  from  the  centre  of  a  new  dome-shaped  eminence, 
in  the  middle  of  which  a  large  opening  or  bowl-shaped  cavity  was  pro- 
duced. 2dly,  Or  according  to  the  theory  which  to  me  appears  prefer^ 
able,  a  submarine  hill  in  the  form  of  a  flattened  dome  may  have  gradu« 
ally  accumulated,  partly  below  the  waters. and  partly  above  by  the  con- 
tinued outpourings  of  sheets  of  lava  and  the  ejection  of  ashes  from  a 
central  orifice.  In  this  case  the  dikes  would  represent  the  fissures,  which 
were  filled  during  successive  eruptions,  and  the  original  inclination  of  the 
beds  may  have  been  increased  by  the  distension  and  upheaval  of  the  mass 
during  reiterated  convulsions,  acting  most  forcibly  at  or  near  the  channel 
of  discharge,  which  would  become  partially  sealed  up  with  lava  from  tone 
to  time,  and  then  be  burst  open  again  during  eruptions.  At  length  the 
whole  island  may  have  been  nused  bodily  out  of  the  sea  by  a  gradual 
upward  movement. 

Whatever  theory  we  adopt,  we  must  always  explain  the  abrupt  termi- 
nation of  the  dikes  and  layers  of  trachyte  and  basalt  in  the  steep  walls  of 
the  escarpments  surrounding  the  great  crater  by  supposing  the  removal 
of  part  of  the  materials  once  prolonged  farther  inward  towards  the  centre. 
If,  according  to  the  elevation-crater  hypothesis,  a  series  of  sheets  of  lava 
and  ashes  originally  spread  over  a  level  and  even  surface  have  been  vio- 
lently broken  and  uplifted,  why  do  not  the  opposite  walls  of  the  chasm 
correspond  in  such  a  manner  as  to  imply  by  their  present  outline  that 
they  were  formerly  united  ?  It  is  evident  that  the  precipices  on  opposite 
sides  of  the  crateriform  hollow  would  not  fit  if  brought  together,  there 
being  no  projecting  masses  in  one  wall  to  enter  into  indentations  in  the 
other,  as  would  happen  with  the  sides  of  many  mineral  veins,  trap-dikes, 
and  faults,  could  we  extract  the  intrusive  matter  now  separating  them, 
and  reunite  the  rocks  which  have  been  fractured  and  disjoined. 

The  highest  crater  of  the  peak  has  merely  disengaged  sulphureous 

•  Oompies  Reodiu  Acad.  Scl    Paris,  Jain,  184S. 
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vapora  ever  since  it  has  been  known  to  Eniopeans ;  but  an  eruptioD 
happened  in  June,  1798,  not  far  from  the  summit,  and  others  are  re- 
corded, which  poured  out  streams  of  lava  from  great  heights,  besides 
many  which  have  broken  out  nearer  the  level  of  the  sea.  All  these,  how* 
ever,  seem  to  be  dependent  on  one  great  centre  of  eruption,  or  on  thai 
open  channel  communicating  between  the  interior  of  the  earth  and  the 
atmosphere,  which  terminates  in  the  highest  crater  of  the  peak. 

We  may  con^der  Teneriffe,  then,  as  having  been  from  a  remote  period 
the  principal  and  habitual  vent  of  the  volcanic  archipelago  of  the 
Canaries.  The  discharges  which  have  taken  place  in  the  contiguous 
isles  of  Palma,  Lancerote,  and  the  rest,  may  be  of  a  subsidiary  kind,  and 
have  probably  been  most  frequent  and  violent  when  the  greater  crater 
has  been  partially  sealed  up,  just  as  the  violent  eruptions  of  Ischia  or 
that  of  Monte  Nuovo  coincided  with  the  dormant  state  of  Vesuvius. 

BAKTORIN. 

The  Gulf  of  Santoiin,  in  the  Grecian  Archipelago,  has  been  for  two 
thousand  years  a  scene  of  active  volcanic  operations.  The  largest  of  the 
three  outer  islands  of  the  group  (to  wb'ch  the  general  name  of  Santoiin 
18  given)  is  called  Thera  (or  sometimes  Santoiin),  and  forms  more  than 
two-thirds  of  the  circuit  of  the  gulf  (see  Map,  fig.  68,  p.  442).  The 
length  of  the  exterior  coast-line  of  this  and  the  other  two  islands  named 
Therasia  and  Aspromsi,  taken  together,  amounts  to  about  thirty  miles, 
and  that  of  the  inner  coast-line  of  the  same  islands  to  about  eighteen 
miles.  In  the  middle  of  the  gulf  are  three  other  islands,  called  the 
Little,  the  New,  and  the  Old  "Kaimenis,"  or  ''Burnt  Islands.''  The 
accompanying  map  has  been  reduced  from  a  recent  survey  executed  in 
1848  by  Captain  Graves,  R.  N.,  and  shortly  to  be  published  by  the 
Admiralty. 

Pliny  informs  us  that  the  year  186,  b.  c,  gave  birth  to  the  Old  Eal- 
meni,  also  called  Hiera,  or  the  "  Sacred  Isle,"  and  in  the  year  19  of  our 
era  "  Thia"  (the  Divine)  made  its  appearance  above  water,  and  was  soon 
joined  by  subsequent  eruptions  to  the  older  island,  from  which  it  was 
only  250  paces  ^tant.  The  Old  Kaimeni  also  increased  successively  in 
size  in  726  and  in  1427.  A  century  and  a  half  later,  m  1578,  another 
eruption  produced  the  cone  and  crater  called  Micra-Kaimeni,  or  "  the 
Small  Burnt  Island."  The  next  great  event  which  we  find  recorded 
occurred  in  1650,  when  a  submarme  outbreak  violently  agitated  the  sea, 
at  a  pomt  three  and  a  half  miles  to  the  N.  £.  of  Thera,  and  which  gave 
rise  to  a  shoal  (see  A  in  the  map)  carefully  examined  during  the  late 
survey  in  1848  by  Captun  Graves,  and  found  to  have  ten  fathoms  water 
over  it,  the  sea  deepening  around  it  in  all  directions.  This  eruption 
lasted  three  months,  covering  the  sea  with  floating  pumice.  At  the  same 
time  an  earthquake  destroyed  many  houses  in  Thera,  while  the  sea  broke 
upon  the  coast  and  overthrew  two  churches,  exposing  to  view  two  vil- 
lages, one  on  each  side  of  the  mountain  of  St.  Stephen,  both  of  which 
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must  have  been  overwhelmed  by  ahoweis  of  YolcaiiiG  ndatter  during  some 
previous  emptions  of  uikoown^  datew*  The  accompanyiDg  evolution  of 
sulphur  and  hydrogen  iasutng  from  the  sea  kilfed  more  than  fifty  perBOns, 
and  above  1000  domestic  animals.  A  wave,  also,  50  feet  high,  broke 
upon  the  rocks  of  the  Isle  of  Nia»  about  four  leagues  distant,  and  advanced 
460  yards  into  the  interior  of  the  Island  of  Sikino*  Lastly,  in  1707  and 
1 700,  Nea-Eaimeni^  or  the  New  Burnt  Island,  was  formed  between  the 
two  others,  Palaia  and  Micro,  the  Old  and  Little  isles.  This  isle  was 
composed  originally  of  two  distinct  parts ;  the  first  which  rose  was  called 
the  White  Island,  composed,  of  a  mass  of  pumice,  extremely  porous. 
Goree,  the  Jesuit,  who  was  then  in  Santorin,  says  that  the  rock  "  cut 
like  bread,"  and  that,  when  the  inhabitants  landed  on  it,  they  found  a 
multitude  of  full-grown  fresh  oysters  adhering  to  it,  which  they  ate.f 
This  mass  was  afterwards  covered,  in  great  part,  by  the  matter  ejected 
from  the  crater  of  a  twin«isUnd  formed  simultaneously,  and  called  Black 
Island,  consisting  of  brown  trachyte.  The  trachytic  lava  which  rose  on 
this  spot  appears  to. have  been  a  long  time  in  an  intumesoent  state,  for 
the  New  Eaimeni  was  sometimes  lowered  on  one  side  while  it  gained 
height  on  the  other,  and  rocks  rose  up  m  the  sea  at  different  distances 
from  the  shore  and  then  disappeared  agam.  The  eruption  was  renewed 
at  intervals  during  the  years  1711  and  1712,  and  at  length  a  cone  was 
piled  up  to  the  height  of  380  feet  above  the  level  of  the  sea,  its  exterior 
slope  forming  an  angle  of  33^  with  the  horizon,  and  the  crater  on  it» 
aummit  being  80  yards  in  diameter.  In  addition  to  the  two  points  of 
subaerial  ei)uption  on  the  New  and  litUe  Eaimenis,  two  other  cones, 
indicating  the  sitea  of  submarine  outbursts  of  unknown  date,  were  dis« 
covered  under  water  near  the  Eaimenis  during  the  late  survey. 

In  regard  to  the  '*  Wliite  Island,"  wluch  was  described  and  visited  by 
Goree  in  1707,  we  are  indebted  to  Mr.  Edward  Forbes  for  having,  in 
1842,.  carefully  investigated  the  layer  of  pumiceous  ash  of  which  it  is 
constituted.  He  obtained  from  it  many  shells  of  marine  genera,  Pectun- 
culusy  Arca^  Cardita,  Trochus,  and  others,  both  univalve  and  bivalve,  all 
of  recent  Mediterranean  species.  They  were  in  a  fine  state  of  preserva- 
tk)n,  the  bivalves  with  the  epidermis  remaining,  and  valves  closed, 
showmg  that  they  had  been  suddenly  destroyed.  Mr.  Forbes,  from  his 
study  of  the  habits  of  the  moUusca  living  at  different  depths  in  the 
Mediterranean,  was  able  to  decide  that  such  aa  assemblage  of  species 
could  not  have  lived  at  a  less  depth  than  220  feet,  so  Uiat  a  bodily  up- 
heaval of  the  mass  to  that  amount  must  have  taken  place  in  order  to 
bring  up  this  bed  of  ashes  and  shells  to  the  level  of  the  sea,  and  they 
now  rise  five  or  six  feet  above  that  level.| 

We  may  compare  this  partial  elevation  of  solid  matter  to  the  rise  of  a 
hardened  crust  of  scones,  such  as  is  usually  formed  on  the  surface  of 
lava-eurrents,  even  while  they  are  in  motion,  and  which,  although  stony 
and  capaUe  of  supporting  heavy  weights,  may  be  upraised  without 

«  Yirlet,  Bull,  de  la  Soa  04oL  de  France,  torn,  ill  p  108. 
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bursting  by  tbe  intumescence  of  the  melted  matter  below.  That  the 
upheaval  was  merely  local  is  proved  by  the  fact  that  theneighboring 
Eaimenis  did  not  participate  in  the  movement,  stQl  less  the  three  more 
distant  or  outer  islands  before  mentioned.  The  history,  therefore,  of 
the  Kaimenis  shows  that  they  have  been  the  result  of  intermittent  action, 
and  it  lends  no  support  to  the  hypothesis  of  the  sudden  distension  <^ 
horizontal  beds  blown  up  like  a  bladder  by  a  single  paroxysmal  effort  d 
expansive  gases. 

It  will  be  seen  by  the  accompanying  map  and  sections,  that  the  Eai- 
menis are  arranged  in  a  linear  direction,  running  N.  E.  and  S.  W.,  in  a 
manner  different  from  that  represented  in  the  older  charts.  In  their 
longest  diameter  they  form  at  their  base  a  ridge  nearly  bisecting  the  gulf 
or  crater  (see  sections,  figs.  64,  65). 

On  considering  these  &cts  we  are  naturally  led  to  compare  the  smaller 
and  newer  islands  m  the  centre  of  the  gulf  to  the  modem  c<me  of  Vesu- 
vius, surrounded  by  the  older  semicircular  escarpment  of  Somma,  or  to 
liken  them  to  the  Peak  of  Teneriffe  before  described,  as  surrounded  by 
its  "  fosse  and  bastion.''  This  idea  will  appear  to  be  still  more  fully 
confirmed  when  we  study  the  soundings  taken  during  the  late  hydro- 
graphical  survey.  Thera,  which  constitutes  alone  more  than  two-tlurds 
of  the  outer  circuit,  presents  everywhere  towards  the  gulf,  high  and 
steep  precipices  composed  of  rocks  of  volcanic  origin.  In  all  places 
near  the  base  of  its  clififo,  a  depth  of  from  800  to  1000  feet  of  water  was 
found,  and  Lieut.  Leycester  informs  us*  that  if  the  gulf,  which  is  six 
miles  in  diameter,  could  be  dnuned,  a  bowl-shaped  cavity  would  appear 
with  walls  2449  feet  high  in  some  places,  and  even  on  the  southwest 
side,  where  it  is  lowest,  nowhere  less  than  1200  feet  high ;  while  the 
Eaimenis  would  be  seen  to  form  in  the  centre  a  huge  mountain  five  and 
a  half  miles  in  circumference  at  its  base,  with  three  principal  summits 
(the  Old,  the  New,  and  the  Little  Burnt  Islands)  rising  severally  to  the 
heights  of  1251,  1620,  and  1158  feet  above  the  bottom  of  the  abyss. 
The  rim  of  the  great  caldron  thus  exposed  would  be  observed  to  be 
in  all  parts  perfect  and  unbroken,  except  at  one  point  where  there  is  a 
deep  and  long  chasm  or  channel,  known  by  mariners  as  "  the  northern 
entrance"  (B,  fig.  68)  between  Thera  and  llierasia,  and  called  by  Lieut. 
Leycester  "the  door  into  the  crater."  It  is  no  less  than  1170  feet 
deep,  and  constitutes,  as  will  appear  by  the  soundings  (see  map),  a  re- 
markable feature  in  the  bed  of  the  sea.  There  is  no  corresponding 
channel  passing  out  from  the  gulf  into  the  Mediterranean  at  any  other 
point  in  the  circuit  between  the  outer  islands,  the  greatest  depth  there 
ranging  from  7  to  66  feet 

We  may  conceive,  therefore,  if  at  some  former  time  the  whole  mass 
of  Santorin  stood  at  a  higher  level  by  1200  feet,  that  this  single  ravine 
or  narrow  valley  now  formmg  *'  the  northern  entrance,"  was  the  passage 
by  which  the  sea  entered  a  circular  bay  and  swept  out  in  the  form  oi 

*  See  ft  paper  read  to  the  Geographical  Society  in  1849. 
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xnnd  and  pebbles,  the  materials  derived  by  denudation  from  waating 
clifis.  In  this  manner  the  original  crater  may  have  been  slowly  widened 
and  deepened,  after  which  the  whole  archipelago  may  have  been  partially 
submerged  to  its  present  depth. 

That  such  oscillations  of  level  may  in  the  course  of  ages  have  taken 
place,  will  be  the  more  readily  admitted  when  we  state  that  part  of 
Thera  has  actually  sunk  down  in  modem  times,  as,  for  example,  during 
the  great  earthquake  before  alluded  to,  which  happened  in  1650.  The 
subsidence  alluded  to  is  proved  not  only  by  tradition,  but  by  the  fisict 
that  a  road  which  formerly  led  between  two  places  on  the  east  co^t  of 
Thera  is  now  twelve  fathoms  under  water. 

MM.  Boblaye  and  Yirlet  mention,*  that  the  waves  are  constantly  un- 
dermining and  encroaching  on  the  clifis  of  Theraaa  and  Aspronisi,  and 
shoals  or  submarine  ledges  were  found,  during  the  late  survey,  to  occur 
round  a  great  part  of  these  islands,  attesting  the  recent  progress  of 
denudation.  M.  Yirlet  also  remarks,  in  regard  to  the  separation  of  the 
three  islands  forming  the  walls  of  the  crater,  that  the  channels  be- 
tween them  are  all  to  the  W.  and  N.  W.,  the  quarter  most  exposed  to 
the  waves  and  currents. 

Mr.  Darwin,  in  his  work  on  volcanic  islands,  has  shown  that  in  the 
Mauritius  and  in  Santiago,  there  is  an  external  circle  of  basaltic  rocks 
of  vast  diameter,  in  the  interior  of  which  more  modem  eraptions  have 
taken  place,  the  older  rocks  dipping  away  from  the  central  space  in 
every  direction,  as  in  the  outer  blands  of  Santorin.  He  refers  the  nu- 
merous breaches,  some  of  them  very  wide  in  the  external  ramparts  of 
those  islands,  to  the  denuding  action  of  the  sea.  Every  geologist,  there- 
fore, win  be  prepared  to  call  in  the  aid  of  the  same  powerful  cause,  to 
account  for  the  removal  of  a  large  part  of  the  rocks  which  must  once 
have  occupied  the  mterior  space,  in  the  same  manner  as  they  attribute 
the  abstraction  of  matter  from  elliptical  "  vaUeys  of  elevation,"  such  as 
those  of  Woolhope  and  the  Wealden  in  England,  to  the  waves  and  cur- 
rents of  the  sea.  , 

Thera,  Therasia,  and  Aspronisi  are  all  composed  of  volcanic  matter, 
except  the  southern  part  of  Thera,  where  Mount  St.  Elias  rises  to  three 
times  the  height  of  the  loftiest  of  the  igneous  rocks,  reaching  an  ele- 
vation of  188Y  feet  above  the  sea.f  This  mountain  is  formed  of 
granular  limestone  and  argillaceous  schist,  and  must  have  been  origi- 
nally a  submarine  eminence  in  the  bed  of  the  Mediterranean,  before 
the  volcanic  cone,  one  side  of  the  base  of  which  now  abuts  against 
it»  was  formed.  The  mclination,  strike,  and  fractures  of  the  calcareous 
and  argillaceous  strata  of  St.  Elias  have  no  relation  to  the  great  cone» 
but,  according  to  M.  Bory  St.  Vincent,  have  the  same  direction  as  those 
of  the  other  isles  of  the  Grecian  Archipelago^  namely^  from  N.  N«  W. 
to  S.  S.  E.    Each  of  the  three  islands,  Thera,  Therasia,  and  Aspronisi, 

*  Ball,  de  la  Soc.  G^oL  de  France,  tomo  ill 

f  Yirlet,  BulL  de  la  Soa  QM.  de  France,  tome  iii  pi  108. 
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IB  capped  by  an  enoirmoiis  mass  of  wbite  tafaoeoiis  conglomerate,  firom 
forty  to  fifty  feet  thick,  beneath  which  are  beds  of  trachytio  lava  and 
tuff,  having  a  gentle  inclination  of  oidy  8^  or  4^  Eaehr  bed  id  nstiaHy 
very  narrow  and  discontinaons,  the  succeesive  layers  being  monMed  or 
dove^tailed,  aa  H.  Yhrlet  expresses  it,  into  tiie  inequalities  of  the  pre- 
viously existing  surface,  on  which  showers  of  cinders  or  streams  of 
melted  matter  have  been  poured.  Nothing,  therefore,  seems  more 
evident  thaii  that  we  hare  in  Santorin  the  basal  remains  of  a  great 
ruined  cone,  or  flattened  dome ;  and  the  absence  of  dikes  in  the  clifb 
surrounding  the  gulf  would  indicate  that  the  eruptions  took  place  origi- 
nally, as  they  have  done  in  the  last  two  thousand  years,  not  near  the 
margin  but  in  the  centre  of  the  space  now  occupied  by  the  gulf.  The 
central  portions  of  the  dome  have  since  been  removed  by  engulfment, 
or  denudatioq,  or  by  both  these  causes. 

An  important  fact  is  adduced  by  M.  Virlet^  to  show  that  the  gentje 
dip  of  the  lava-streams  in  the  three  outer  islands  towards  all  points  of 
the  compass,  away  from  the  centre  of  the  gulf,  has  not  been  due  to 
the  upheaval  of  horizontal  beds,  as  conjectured  by.  Von  Buch,  who 
had  not  visited  Santorin.*  The  French  geologist  found  that  the  vesi- 
cles or  pores  of  the  trachytic  masses  were  lengthened  out  in  the  sev- 
eral directions  in  which  they  would  have  flowed  if  they  had  descended 
from  the  axis  of  a  cone  once  occupying  the  centre  oi  the  crater.  For 
it  is  well  known  that  the  bubbles  of  confined  gas  in  a  fluid  in  mo- 
tion assume  an  oval  form,  and  the  direction  of  thdr  longer  axis  coincides 
always  with  that  of  the  stream. 

On  a  review,  therefore,  of  all  the  facts  now  brought  to  light  respect- 
ing Santorin,  I  attribute  the  moderate  slope  of  the  beds  in  There  and 
the  other  external  islands  to  their  having  origmally  descended  the 
inclined  flanks  of  a  large  Yolcanic  cone,  the  principal  orifice  or  vents  of 
eruption  having  been  always  situated  where  they  are  now,  in  or  near 
the  centre  of  the  space  occupied  by  the  gulf  or  crater— m  other  words, 
where  the  outburst  of  the  Kaimenis  has  been  witnessed  in  historical 
times.  Hie  single  long  and  deep  opening  into  the  crater  is  a  feature 
common  to  all  those  remnants  of  ancient  volcanoes,  the  central  portions 
of  which  have  been  removed,  and  is  probably  connected  with  aqueous 
denudation.  This  denuding  process  has  been  the  work'  of  ages  when 
the  sea  was  admitted  mto  an  original  crater,  and  has  taken  place  during 
the  gradual  emergence  of  the  island  from  the  sea,  or  during  various 
oscillations  in  its  level 

The  volcanic  ishind  of  St.  Paul  in  the  midst  of  the  Indian  Ocean,  hit 
88*>  44'  S.,  long.  77*  SV  E.,  surveyed  by  Capt.  Blackwood  m  1842, 
seems  to  exempfify  the  first  stage  in  the  formation  of  such  an  archrpelago 
as  that  of  Santorin.  We  have  there  a  crater  one  mile  in  diameter,  sur- 
rounded by  steep  and  lofty  clifils  on  every  dde  save  one,  where  the  sto 
enters  by  a  ungle  passage  nearly  dry  at  low  water.    In  the  interior  of 

*  Foggendoffs  AmuJep,  ISSe,  p.  188, 
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ihe  small  circular  bay  or  crater  there  is  a  depth  d  80  fathoms^  or  180 
feet-  The  surface  of  the  island  sbpes  away  on  all  skies  from  the  crest 
oi  the  rocks  encircling  the  crater.* 

Barren  Island, — ^Thero  is  great  analogy  between  the  stmetnre  of 
Barren  Island  b  the  Bay  of  Bengal,  lat.  12^  I1i\  and  that  of  Santorin 


CoBA  «&d  onttr  of  BvrNi  Iilsnd,  in  tbe  Bay  <tt  BengaL    Height  of  tbaMiltral  eone  (MoorttBg 
to  Gbj^t  MlUer,  ia  1884),  600  fe«t 

last  described.  When  seen  from  the  ocean,  this  island  presents,  on  al- 
most all  sides,  a  surface  of  bare  rocks,  rising,  with  a  moderate  acclivity, 
towards  the  mterior ;  but  at  one  point  there  is  a  cleft  by  which  we  can 
penetrate  into  the  centre,  and  there  discover  that  it  is  occupied  by  a 
great  circular  basin,  filled  by  the  waters  of  the  sea,  and  bordered  all 
around  by  steep  rocks,  in  the  midst  of  which  rises  a  volcanic  cone,  very 
frequently  in  eruption.  The  summit  of  this  cone  is  about  500  feet  in 
height,  corresponding  to  that  of  the  circular  b(M^er  which  incloses  the 
basin ;  so  that  it  can  be  seen  from  the  sea  only  through  the  ravine. 
It  is  most  probable  that  the  exterior  inclosure  of  Barren  Island  {e^  d, 
fig.  67)  is  nothing  more  than  the  remiuns  of  a  truncated  cone  c»  c^  h^Jt, 

Plg.6T. 
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a  great  portion  ofl  which  has  been  removed  by  engulfment,  ezplo6ioD« 
or  denudation,  which  may  have  preceded  the  formation  of  the  new  in* 
terior  cone/,  €,  g,\ 


MUD  VOLCANOES. 

Iceland, — ^Mr.  R.  Bunsen,  in  his  account  of  the  pseudo^volcanio  phe- 
nomena of  Iceland,  describes  many  valleys  where  sulphurous  and 
aqueous  vapors  burst  forth  with  a  hissing  sound,  from  the  hot  soil 

*  See  Admuralty  Chart,  with  views  and  sections,  1842. 
f  For  height  of  cone  and  references,  see  Boist,  Ydcanoes  of  India,  Trans.  Bom- 
bay G^eoL  Soa  vol  x.  p.  143. 
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formed  of  yolcanio  tuff.  In  such  spots  a  pool  of  boiling  water  is  i 
in  which  a  bluish-black  argillaceous  paste  rises  in  huge  bubbles.  These 
bubbles  on  bursting  throw  the  boiling  mud  to  a  height  of  fifteen  feet  and 
upwards,  accumulating  it  m  ledges  round  the  crater  or  basin  of  the  springr. 

Baku  on  the  Caspian, — ^The  formation  of  a  new  mud  Tolcano  was  wit- 
nessed on  the  27th  of  November,  1827,  at  Tokmali,  on  the  peninsula 
of  Abscheron,  east  of  Baku.  Flames  biased  up  to  an  extraordinary 
height  for  a  space  of  three  hours,  and  continued  for  twenty  hours  to 
rise  about  three  feet  above  a  crater,  from  which  mud  was  ejected.  At 
another  pomt  in  the  same  district  where  flames  issued,  fragments  of 
rock  of  large  size  were  hurled  up  into  the  air,  and  scattered  around.* 

Sicily. — ^At  a  place  called  Macaluba,  near  Girgenti  in  Sicily,  are 
several  conical  mounds  from  ten  to  thirty  feet  in  height,  with  small 
craters  at  their  summits,  from  which  cold  water,  mixed  with  mud  and 
bitumen,  is  cast  out.  Bubbles  of  carbonic  acid  and  carburetted  hydro- 
gen gas  are  also  disengaged  from  these  springs,  and  at  certain  penoda 
with  such  violence,  as  to  throw  the  mud  to  the  height  of  200  feet. 
These  "  air  volcanoes,"  as  they  are  sometimes  termed,  are  known  to 
have  been  in  the  same  state  of  activity  for  the  last  fifteen  centuries ;  and 
Dr.  Daubeny  imagines  that  the  gases  which  escape  may  be  generated 

Fig.  68. 


Mad  eones  and  crAters  of  HlngliO  ^^^^  Bella,  district  of  Liu,  120  miles  northwMt  of  month 
of  Indus.    From  original  drawing  by  Capt.  Bobertson.    (Sse  Hap,  p^  460.) 


*  Humboldt's  Cosmoo. 
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hf  the  slow  combtBtion  of  beds  of  solphur,  which  is  actually  in  pro- 
gress in  the  blue  elaj,  out  of  which  the  springs  rise.*  But  as  the  gases 
are  amilar  to  those  disengaged  in  volcanic  eruptions,  and  as  thej  have 
continued  to  stream  out  for  so  long  a  period,  they  may  perhaps  be 
derived  from  a  more  deep-seated  source. 

BeiU  m  India. — In  the  district  of  Luss  or  Lus,  south  of  Beila,  about 
120  miles  N.  W.  of  Cntch  and  the  mouths  of  the  Indus  (see  Map,  fig. 
11,  p-  460),  numerous  mud  Tolcanoes  are  scattered  over  an  area  of  prob- 
ably not  less  than  1000  square  miles.  Some  of  these  hare  been  well 
described  by  Captain  Hart,  and  subsequently  by  Captain  Robertson,  who 
has  paid  a  visit  to  that  region,  and  made  sketches  of  them,  which  he  has 
kindly  placed  at  my  disposal.  From  one  of  these  the  annexed  view  has 
been  selected.  These  conical  hills  occur  to  the  westward  of  the  Hara 
mountains  and  the  river  Hubb.  (See  Map,  p.  460.)  One  of  the  cones 
is  400  feet  high,  composed  of  light-colored  earth,  and  having  ai  ^ts  sum- 
mit a  crater  thirty  yards  in  diameter.  The  liquid  mud  which  fills  the 
crater  is  continnally  disturbed  by  air-bubbles,  and  here  and  there  is  cast 
up  in  small  jets.f 

Mineral  eomponiion  of  vokame  products, — ^The  mineral  called  felspar 
fotms  in  genend  more  than  half  of  the  mass  of  modem  lavas.  When  it 
is  in  great  excess,  lavas  are  called  trachytic :  they  consist  generally  of  a 
base  of  compact  felspar,  in  which  crystals  of  glassy  felspar  are  dissemi- 
nated.]; When  augite  (or  pyroxene)  predominates,  lavas  are  termed  ba- 
saltic. They  contain  about  50  per  cent,  of  silica,  or  much  less  than  the 
trachytes,  in  which  there  is  usually  about  15  per  cent,  of  that  mineral. 
They  also  contain  about  11  per  cent,  of  protoxide  of  iron,  and  as  much 
of  lime,  both  of  which  are  wanting,  or  only  in  insignificant  quantities  in 
the  trachytic  Tocks.;(  But  lavas  occur  of  an  mtermediate  composition 
between  the  trachytic  and  basaltic,  which  from  their  color  have  been 
called  graystones.  The  abundance  of  quartz,  formmg  distinct  crptals  or 
concretions,  characterizes  the  granitic  and  other  ancient  rocks,  now  gen- 
erally considered  by  geologists  as  of  igneous  origm ;  whereas  that  min- 
eral is  rarely  exhibited  in  a  separate  form  in  recent  lavas,  although  silica 
enters  so  largely  into  their  composition.  Hornblende,  so  common  in  hy- 
pogene  rocks,  or  those  commonly  called  *^  primary,"  is  rare  in  modem 
lava;  nor  does  it  enter  largely  into  rocks  of  any  age  in  which  augite 
abounds.  It  should,  however,  be  stated,  that  the  experiments  of  Mr. 
Gustav  Rose  have  made  it  very  questionable,  whether  the  minerals  called 
hornblende  and  augite  can  be  separated  as  distinct  species,  as  their  dif- 
ferent varieties  seem'  to  pass  into'  each  other,  whether  we  consider  the 
characters  derived  from  their  angles  of  crystallization,  their  chemical 
composition,  or  their  specific  gravity.  The  difference  in  form  of  the  two 
substances  may  be  expUdned  by  the  different  circumstances  under  which 

*  Daubeny,  Volcsnoes,  p  267. 

f  See  Buiflt,  Volcanoes  of  India,  Tran&  Bombay  GeoL  Soc.  vol.  z.  p.  154,  and 
Captain  Robertson,  Jonrn.  of  Roy.  Asiat  Soc.  1860. 
I  See  Oloflsaiy.  §  Biiiiflen,-yolesiiic  Bocks  of  Iceland 
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thej  have  been  produced,  the  form  of  hornblende  being  the  result  of 
slower  cooling.  Crystals  of  au^te  have  been  met  with  m  the  scori»  of 
furnaces,  but  never  those  of  hornblende ;  and  crystals  of  augite  have 
been  obtained  by  melting  hornblende  in  a  platma  crucible ;  but  horn- 
blende itself  has  not  been  formed  artificially.*  Mica  occurs  plentifully  in 
some  recent  trachytes,  but  is  rarely  present  where  augite  is  in  excess. 

Frequency  of  eruptions,  and  nature  of  subterranean  igneous  rocks. — 
When  we  speak  of  the  igneous  rocks  of  our  own  times,  we  mean  that 
small  portion  which,  in  violent  eruptions,  is  forced  up  by  elastic  fluids  to 
the  surface  of  the  earth, — ^the  sand,  scoriae,  and  lava,  which  cool  in  ihe 
open  ur.  But  we  cannot  obtain  access  to  that  which  is  congealed  feur 
beneath  the  surface  under  great  pressure,  equal  to  that  of  many  hun- 
dred, or  many  thousand  atmospheres. 

During  the  last  century,  about  fifty  eruptions  are  recorded  of  the  five 
European  volcanic  districts,  of  Vesuvius,  Etna,  Volcano,  Santorin,  and 
Iceland ;  but  many  beneath  the  sea  in  the  Grecian  archipelago  and.  near 
Iceland  may  doubtless  have  passed  unnoticed.  If  some  of  them  pro- 
duced no  lava,  others,  on  the  contrary,  like  that  of  Skapt4r  Jokul,  in  1783, 
poured  out  melted  matter  for  five  or  six  years  consecutively;  which  cases, 
being  reckoned  as  single  eruptions,  will  compensate  for  those  of  inferior 
strength.  Now,  if  we  consider  the  active  volcanoes  of  Europe  to  consti- 
tute about  a  fortieth  part  of  those  already  known  on  the  globe,  and  cal- 
culate that,  one  with  another,  they  are  about  equal  in  activity  to  the  burn- 
ing mountains  in  other  districts,  we  may  then  compute  that  there  happen 
on  the  earth  about  2000  eruptions  in  the  course  of  a  century,  or  about 
twenty  every  year. 

However  inconsiderable,  therefore,  may  be  the  superficial  rocks  which 
the  operations  of  fire  produce  on  the  surface,  we  must  suppose  the  sub- 
terranean changes  now  constantly  in  progress  to  be  on  the  grandest  scale. 
The  loftiest  volcanic  cones  must  be  as  insignificant,  when  contrasted  to  the 
products  of  fire  in  the  nether  regions,  as  are  the  deposits  formed  in  shal- 
low estuaries  when  compared  to  submarine  formations  accumulating  in 
the  abysses  of  the  ocean.  In  r^ard  to  the  characters  of  these  volcanic 
rocks,  formed  in  our  own  times  in  the  bowels  of  the  earth,  whether  in  rents 
and  caverns,  or  by  the  cooling  of  lakes  of  melted  lava,  we  may  safely  m- 
fer  that  the  rocks  are  heavier  and  less  porous  than  ordinary  lavas,  and 
more  crystalline,  although  composed  of  Uie  same  mineral  ingredients.  As 
the  hardest  crystals  produced  artificially  in  the  laboratory  require  the 
longest  time  for  their  formation,  so  we  must  suppose  that  where  the  cool- 
ing down  of  melted  matter  takes  place  by  insensible  degrees,  in  the  course 
of  ages,  a  variety  of  minerals  will  be  produced  far  harder  than  any  formed 
by  natural  processes  within  the  short  period  of  human  observation. 

These  subterranean  volcanic  rocks,  moreover,  cannot  be  stratified  in 
the  same  manner  as  sedimentary  deposits  from  water,  although  it  is  evi- 
dent that  when  great  masses  consolidate  from  a  state  of  fusion,  they  may 

*  Bulletm  de  la  Soc.  G^oL  de  France,  torn,  il  p.  206. 
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separate  into  natural  divisions ;  for  this  is  seen  to  be  the  case  in  many 
lava-currents.  We  may  also  expect  that  the  rocks  in  question  will  often 
be  rent  by  earthquakes,  dnce  these  are  common  in  volcanic  regions ;  and 
the  fissures  will  be  often  injected  with  similar  matter,  so  that  dikes  of 
crystalline  rock  will  traverse  masses  of  similar  composition.  It  is  also 
clear,  that  no  organic  remains  can  be  included  in  such  masses,  as  also 
that  these  deep-seated  igneous  formations  considered  in  mass  must  under- 
lie all  the  strata  containing  organic  remains,  because  the  heat  proceeds 
from  below  upwards,  and  the  intensity  required  to  reduce  the  mineral 
ingredients  to  a  fluid  state  must  destroy  all  organic  bodies  in  rocks  in- 
cluded in  the  midst  of  them. 

If  by  a  continued  series  of  elevatory  movements,  such  masses  shall 
hereafter  be  brought  up  to  the  surface,  in  the  same  manner  as  sedimen- 
tary marine  strata  have,  in  the  course  of  ages,  been  upheaved  to  the 
summit  of  the  loftiest  mountains,  it  is  not  difficult  to  foresee  what 
perplexing  problems  may  be  presented  to  the  geologist.  He  may  then, 
perhaps,  study  in  some  mountain-chain  the  very  rocks  produced  at  the 
depth  of  several  miles  beneath  the  Andes,  Iceland,  or  Java,  in  the  time 
of  Leibnitz,  and  draw  from  them  the  same  conclusion  which  that  philos- 
opher derived  from  certain  igneous  products  of  high  anUquity  ;  for  he 
conceived  our  globe  to  have  been,  for  an  indefinite  period,  in  the  state 
of  a  comet,  without  an  ocean,  and  uninhabitable  alike  by  aquatic  or 
terrestrial  animals. 


CHAPTER  XXVII. 

EARTHQUAKES   AND   THEIR  ETFECTB. 


Sartbquakes  and  tbehr  effects — Deficiency  of  ancient  ao60iuit»-*0rdinaiy  atmo> 
spheric  phenomena— -Changes  produced  by  earthquakes  in  modem  timee  consid- 
ered in  chronological  order— ^Earthquake  in  Syriai  1887 — Earthquakes  in  OhiU 
in  1887  and  1886— Isle  of  Santa  Maria  raised  ten  feet— Chili,  1822— Extent  of 
country  elevated — Aleppo  and  Ionian  Isles — Earthquake  of  Cutch  in  1819 — 
Subsidence  in  the  Delta  of  the  Indus — Island  of  Sumbawa  in  1816— Earthquake 
of  Caraccas  in  1812 — Shocks  at  New  Madrid  in  1811  in  the  valley  of  the  Mis- 
sissippi-* Aleutian  Islands  in  180e— Reflections  on  the  earthquakes  of  the  nine- 
teenth century — ^Earthquake  in  Quito,  Quebec,  ^k&— Java,  1786 — SinkiQg  down 
of  large  tracts. 

In  tbe  sketcb  before  given  of  the  geogitipbical  boundaries  of  volcanic 
regions,  I  stated,  tbat  although  tbe  points  of  eruption  are  but  thinly 
scattered,  constituting  mere  spots  on  the  surface  of  those  vast  dbtricts, 
yet  the  subterranean  movements  extend  simultaneously  over  immense 
areas.  We  may  now  proceed  to  consider  the  changes  which  these 
moyements  produce  on  the  surface,  and  in  the  internal  structure  of  the 
earth's  crust. 
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Defideney  of  ancient  accounts, — ^It  is  only  within  the  last  century  and 
a  half,  since  Hooke  first  promulgated,  in  1688,  his  views  respecting  the 
connection  between  geological  phenomena  and  earthquakes,  that  the 
permanent  changes  affected  by  these  convulsions  have  exdted  attention. 
Before  that  time,  the  narrative  of  the  historian  was  almost  exclusively 
confined  to  the  number  of  human  beings  who  perished,  the  number  of 
cities  laid  in  ruins,  the  value  of  property  destroyed,  or  certain  atmo- 
spheric appearances  which  dazzled  or  terriiSed  the  observers.  The  crea- 
tion of  a  new  lake,  the  engulfing  of  a  new  city,  or  the  raising  of  a  new 
island,  are  sometimes,  it  is  true,  adverted  to,  as  bdng  too  obvious,  or  of 
too  much  geographical  or  political  interest  to  be  passed  over  in  silence. 
But  no  researches  were  made  expressly  with  a  view  of  ascertainmg  the 
amount  of  depression  or  elevation  of  the  ground,  or  any  particular  alter- 
ations in  the  relative  position  of  sea  and  land  ;  and  very  little  distinction 
was  made  between  the  raising  of  soil  by  volcanic  ejections,  and  the  up- 
heaving of  it  by  forces  acting  from  below.  The  same  remark  applies  to 
a  very  large  proportion  of  modem  accounts :  and  how  much  reason  we 
have  to  regret  this  deficiency  of  information  appears  from  this,  that  in 
every  instance  where  a  spirit  of  scientific  inquiry  has  animated  the  eye- 
witnesses of  these  events,  facts  calculated  to  throw  light  on  former  modi- 
fications of  the  earth's  structure  are  recorded. 

Phenomena  attending  earthquakes. — ^As  I  shall  confine  myself  almost 
entirely,  in  the  following  notice  of  earthquakes,  to  the  clumges  btpught 
about  by  them  in  the  configuration  of  the  earth's  crust,  I  may  mention, 
generally,  some  accompaniments  of  these  terrible  events  which  are 
almost  uniformly  commemorated  in  history,  that  it  may  be  unnecessary 
to  advert  to  them  again.  Irregularities  in  the  seasons  preceding  or  fol- 
lowing the  shocks ;  sudden  gusts  of  wind,  interrupted  by  dead  calms ; 
violent  rains  at  unusual  seasons,  or  in  countries  where  such  phenomena 
are  almost  unknown ;  a  reddening  of  the  sun's  disk,  and  a  haziness  in 
the  air,  often  continued  for  months ;  an  evolution  of  electric  matter,  or 
of  inflammable  gas  from  the  soil,  with  sulphurous  and  mephitic  vapors ; 
noises  underground,  like  the  running  of  carriages,  or  the  discharge  ot 
artillery,  or  distant  thunder;  animals  uttering  cries  of  distress,  and 
evincing  extraordinary  alarm,  being  more  sensitive  than  men  of  the 
slightest  movement ;  a  sensation  like  sea-sickness,  and  a  dizziness  in  the 
head,  experienced  by  men : — ^these,  and  other  phenomena,  less  con- 
nected with  our  present  subject  as  geologists,  have  recurred  again  and 
again  at  distant  ages,  and  in  all  parts  of  the  globe. 

I  shall  now  begin  the  enumeration  of  earthquakes  with  the  latest 
authentic  narratives,  and  so  carry  back  the  survey  retrospectively,  that 
I  may  bring  before  the  reader,  in  the  first  place,  the  minute  and  circum- 
stantial details  of  modem  times,  and  thus  enable  him,  by  observing  the 
extraordinary  amoynt  of  change  within  the  last  160  years,  to  perceive 
how  great  must  be  the  deficiency  in  the  meager  annals  of  earlier  eras. 
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EARTHQUAKES   OY  THE   NINETEENTH   CENTURY.* 

Syria,  January,  1837. — ^It  has  been  remarked  that  earthquakes 
afifect  elongated  areas.  The  violent  shock  which  devastated  Syria  in 
1837  was  felt  on  a  line  500  miles  in  length  by  90  in  breadth  :f  more 
than  6000  persons  perished ;  deep  rents  were  caused  in  solid  rocks,  and 
new  hot  springs  burst  out  at  Tabereah. 

Chili — Valdivia,  1837. — One  of  the  latest  earthquakes  by  which  the 
position  of  solid  land  is  known  to  have  been  permanently  altered  is  that 
which  occurred  in  Chili,  on  November  7th,  1837.  On  that  day  Valdivia 
was  destroyed  by  an  earthquake,  and  a  whaler,  commanded  by  Captain 
Coste,  was  violently  shaken  at  sea,  and  lost  her  masts,  m  lat.  43^  38'  S. 
in  sight  of  the  land.  The  captain  went  on  the  1 1th  of  December  follow- 
ing to  a  spot  near  the  island  of  Lemus,  one  of  the  Chonos  archipelago, 
where  he  had  anchored  two  years  before,  and  found  that  the  bottom  of 
the  sea  had  been  raised  more  than  eight  feet.  Some  rocks  formerly 
covered  at  all  times  by  the  sea  were  now  constantly  exposed,  and  an 
enormous  quantity  of  shells  and  fish  in  a  decaying  state,  which  had  been 
thrown  there  by  the  waves,  or  suddenly  laid  dry  during  the  earthquake, 
attested  the  recent  date  of  the  occurrence.  The  whole  coast  was  strewed 
with  uprooted  trees.{ 

Chili — Cancepiian,  1835. — Fortunately  we  have  a  still  more  detailed 
account  of  the  geographical  changes  produced  in  the  same  Country  on 
the  20th  of  February,  1835.  An  earthquake  was  then  felt  at  all  places 
between  Copiapo  and  ChUoe,  from  north  to  south,  and  from  Mendoza 
to  Juan  Fernandez,  from  east  to  west.  "  Vessels,"  says  Mr.  Caldcleugh, 
"  navigating  the  Pacific,  within  100  miles  of  the  coast,  experienced  the 
shock  with  considerable  force."§  Conception,  Talcahuano,  Chilian,  and 
other  towns  were  thrown  down.  From  the  account  of  Captain  Fitz  Roy, 
K.  N.,  who  was  then  employed  in  surveymg  the  coast,  we  learn  that  after 
the  shock  the  sea  retired  in  the  Bay  of  Conception,  and  the  vessels 
grounded,  even  those  which  had  been  lying  in  seven  fathoms  water :  all 
the  shoals  were  visible,  and  soon  afterwards  a  wave  rushed  in  and  then 
retreated,  and  was  followed  by  two  other  waves.  The  vertical  height  of 
these  waves  does  not  appear  to  have  been  much  greater  than  from  six? 
teen  to  twenty  feet,  although  they  rose  to  much  greater  heights  when 
they  broke  upon  a  sloping  beach. 

According  to  Mr.  Caldcleugh  and  Mr.  Darwin,  the  whole  volcanic 

*  Since  the  publication  of  the  first  edition  of  this  work,  numerous  accounts  of 
recent  earthquakes  have  been  published ;  but  as  they  do  uot  illustrate  any  new 
principle,  I  cannot  insert  them,  as  they  would  enlarge  too  much  the  size  of  my 
work.  The  late  Von  Hoff  published  from  time  to  time,  in  Poggendorf *8  Annalen, 
lists  of  earthquakes  which  happened  between  1821  and  1886 ;  and,  by  consulting 
these,  the  reader  will  perceive  that  every  month  is  sisnalized  by  one  or  many 
convulsions  in  some  part  of  the  globe.  See  also  Mallet's  Dynamics  of  Earth- 
quakes, Trans.  Roy.  Irish  Acad  1846;  and  "  Earthquakes,"  Admiralty  Manual, 
1849 ;  also  Hopkins'  Report,  Brit.  Assoc.  1847-8. 

+  Darwin,  GeoL  Proceedings,  vol,  it  p.  668. 

1  Dumoulin,  Gomptes  Rendus  de  TAcad.  des  Scl  Oct  1888,  p.  706. 

%  PhiL  Trans.  1886,  p.  21. 
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chain  of  the  Chilian  Andes,  a  range  150  miles  in  length,  was  in  a  state 
of  unusual  activity,  both  during  the  shocks  and  for  some  time  piecetUng 
and  after  the  convulsion,  and  lava  was  seen  to  flow  from  the  crater  of 
Osomo.  (See  Map,  fig.  69.)  The  island  of  Juan  Fernandez,  distant 
365  geographical  miles  from  Chili,  was  violently  shaken  at  the  same 
^''**'>.  and  devastated  by  a  great  wave.     A  submarine  Tolcano  broke  out 


OaXXVIt] 


BABTHQUAKB  m  OHIU,   1835. 


455 


there  near  Bacalao  Head,  about  a  mile  fram  the  shore,  in  sixty-nine 
fathoms  water,  and  illumined  the  whole  island  during  the  night.* 

"At  Conception,"  says  Captain  Fitz  Eoy,  "the  earth  opened  and 
closed  rapidly  in  numerous  places.  The  direction  of  the  cracks  was  not 
uniform,  though  generally  from  southeast  to  northwest.  The  earth  was 
not  quiet  for  three  days  after  the  great  shock,  and  more  than  300 
shocks  were  counted  between  the  20th  February  and  the  4th  of  March. 
The  loose  earth  of  the  valley  of  the  Biobio  was  everywhere  parted  from 
the  solid  rocks  which  bound  the  plain,  there  being  an  opening  between 
them  from  an  inch  to  a  foot  in  width. 


"  For  some  days  after  the  20th  of  February,  the  sea  at  Talcahuano," 
says  Captain  Fitz  Roy,  "  did  not  rise  to  the  usual  marks  by  four  or  five 
feet  vertically.  When  walking  on  the  shore,  even  at  high  water,  beds 
of  dead  mussels,  numerous  chitons,  and  limpets,  and  withered  sea- 
weed, sUU  adhering,  though  lifeless,  to  the  rocks  on  which  they  had 
lived,  everywhere  met  the  eye."  But  this  difference  in  the  relative  level 
of  the  land  and  sea  gradually  diminished,  till  in  the  middle  of  April  the 
water  rose  again  to  within  two  feet  of  the  former  high-water  mark.  It 
might  be  supposed  that  these  changes  of  level  merely  indicated  a  tem- 
porary disturbance  in  the  set  of  the  currents  or  in  the  height  of  the  tides 
at  Talcahuano ;  but,  on  considering  what  occurred  in  the  neighboring 
island  of  Santa  Maria,  Captun  Fitz  Boy  concluded  that  the  land  luid 


*  PhiL  Trans.  182S. 
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been  nused  four  or  five  feet  in  February,  and  that  it  had  retoraed  in 
April  to  within  two  or  three  feet  of  its  former  level 

8anta  Maria,  the  island  just  alluded  to,  is  about  aeren  miles  laag  and 
two  broad,  and  about  twenty-five  miles  southwest  of  Oonception.  (See 
Map,  fig.  70.)  The  phenomena  observed  there  are  most  important.  **  It 
appeared,"  says  Captain  Fitz  Roy,  who  visited  Santa  Maria  twice,  the 
first  time  at  the  end  of  March^  and  afterwards  in  the  beginning  of  April, 
"  that  the  southern  extremity  of  the  island  had  been  raised  eight  feet, 
the  middle  nine,  and  the  northern  end  upwards  of  ten  feet.  On  steep 
rooks,  where  vertical  measures  could  be  correctly  taken,  beds  of  dead 
mussels  were  found  ten  feet  above  high-water  mark.  One  foot  lower 
than  the  highest  bed  of  mussels,  a  few  Umpets  and  chitons  were  seen, 
adhering  to  the  rock  where  they  had  grown.  Two  feet  lower  than  the 
same,  dead  mussels,  chitons,  and  limpets  were  abundant 

"  An  extensive  rocky  flat  lies  around  the  northern  parts  of  Santa 
Maria.  Before  the  earthquake  this  fiat  was  covered  by  the  sea,  some 
projecting  rocks  only  showing  themselves.  Now,  the  whole  flat  is  ex- 
posed, and  square  acre^  of  it  are  covered  with  dead  shell-fish,  the  stench 
arising  from  which  is  abominable.  By  this  elevation  of  the  land  the 
southern  port  of  Santa  Maria  has  been  almost  destroyed ;  little  shelter 
remaining  there,  and  very  bad  landing."  The  surrounding  sea  is  also 
stated  to  have  become  shallower  in  exactly  the  same  proportion  as  the 
land  had  risen ;  the  soundings  having  diminished  a  fathom  and  a  half 
everywhere  around  the  island. 

At  Tubal,  also,  to  the  southeast  of  Santa  Maria,  the  land  was  raised  six 
feet,  at  Mocha  two  feet,  but  no  elevation  could  be  ascertained  at  Yaldivia. 

Among  other  effects  of  the  catastrophe,  it  is  stated  that  cattle  stand- 
ing on  a  steep  slope,  near  the  shore,  were  rolled  down  into  the  sea,  and 
many  others  were  washed  off  by  the  great  wave  from  low  land  and 
drowned.* 

In  November  of  the  same  year  (1835),  Conception  was  shaken  by 
a  severe  earthquake,  and  on  the  same  day  Osomo,  at  the  distance  of 
400  miles,  renewed  its  activity.  These  facts  prove  not  only  the  connec- 
tion of  earthquakes  with  volcanic  eruptions  in  this  region,  but  also  the 
vast  extent  of  the  subterranean  areas  over  which  the  disturbing  cause 
acts  simultaneously. 

Ischia,  1828. — On  the  2d  of  February  the  whole  island  of  Ischia 
was  shaken  by  an  earthquake,  and  in  the  October  following  I  found  all 
the  houses  in  Casamicciol  still  without  their  roofs.  On  the  sides  of  a 
ravine  between  that  town  and  Forio,  I  saw  masses  of  greenish  tuff 
which  had  been  thrown  down.  The  hot-spring  of  Rita,  which  was 
nearest  the  centre  of  the  movement,  was  ascertained  by  M.  Covelli  to 
have  increased  in  temperature,  showing,  as  he  observes,  that  the  ex- 
plosion took  place  below  the  reservoirs  which  heat  the  thermal  watei8.f 

♦  Darwin's  Jonra  of  Travels  in  South  America,  Voyage  of  Beagle,  p.  872. 
t  Biblioth.  Univ.  Oct  1828,  p  15T. 
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Boffoia,  185^7.-^11  the  16tli  of  NoTember,  I82?>die  plain  of  Bogota, 
in  New  Granada,  or  Oobralna/waa  cdBvtdsedb  bj  an  eartifaqiiake,  and  a 
great  number  of  towns  were  tbrown  down.  Torrents  of  rain  swelled 
the  Magdalena^  sweeping  along  vast  qnsntides  of  mud  and  other  snb* 
stances,  which  emitted  a  salphuroos  vapor  and  destroyed  the  fish. 
Popayan,  which  is  distant  200  geographical  miles  S.  S.  W.  of  Bogota, 
suffered  greatlj.  Wide  crevices  appeared  in  the  road  of  Quanacas, 
leaving  no  doubt  that  the  whole  of  the  Cordilleras  sustained  a  powerful 
shock.  Other  fissures  opened  near  Costa,  in  the  plains  of  Bogota,  into 
which  the  river  Tunza  immedisteljr  began  to  flow.*  It  is  worthy  of 
remark,  that  in  all  such  cases  the  ancient  gravel  bed  of  a  river  is  de- 
serted and  a  new  one  formed  at  a  lower  level ;  so  that  a  want  of  rela^ 
tion  in  the  position  of  alluvial  beds  of  the  existing  water-courses  may 
be  no  test  of  the  high  antiquity  of  such  deposits,  at  least  in  countries 
habitually  convulsed  by  earUiquakes.  Extraordinary  rains  accompanied 
the  shocks  before  mentioned ;  and  two  volcanoes  are  said  to  have  been 
in  eruption  in  the  mountain-chain  nearest  to  Bogota. 

Chili,  1822. — On  the  19th  of  November,  1822,  the  coast  of  Chili 
was  visited  by  a  most  destructive  earthquake.  The  shock  was  felt  si- 
multaneously throughout  a  space  of  1200  miles  fnnn  north  to  south. 
St.  Jago,  Valparaiso,  and  some  other  places,  were  greatly  injured. 
When  the  district  round  Valparaiso  was  exammed  on  the  morning  after 
the  shock,  it  was  found  that  the  coast  for  a  considerable  distance  was 
raised  above  its  former  level.f  At  Valparaiso  the  elevation  was  three 
feet,  and  at  Quintero  about  four  feet.  Part  of  the  bed  of  the  sea,  says 
Mrs.  Graham,  remained  bare  and  dry  at  high  water,  ''with  beds  of 
oysters,  mussels,  and  other  shells  adhering  to  the  rocks  on  which  they 
grew,  the  fish  being  all  dead,  and  exhaling  most  offensive  effluvia.;^ 

An  old  wreck  of  a  ship,  which  before  could  not  be  approached, 
became  accessible  from  the  land,  although  its  distance  from  the  original 
sea-shore  had  not  altered.  It  was  observed  that  the  water-course  of  a 
mill,  at  the  distance  of  about  a  mile  from  the  sea,  gained  a  fall  of  four- 
teen inches,  in  little  more  than  one  hundred  yards  ;  and  from  this  fact 
it  is  inferred  that  the  rise  in  some  parts  of  the  inland  country  was  far 
more  considerable  than  on  the  borders  of  the  ocean.§  Part  of  the  coast 
thus  elevated  consisted  of  granite,  in  which  parallel  fissures  were  caused, 
some  of  which  were  traced  for  a  mile  and  a  half  bland.  Cones  of  earth 
about  four  feet  high  were  thrown  up  in  several  districts,  by  the  forcmg 
up  of  water  mixed  with  sand  through  funnel-shaped  hollows, — a  phenom- 
enon very  common  in  Calabria,  and  the  explanation  of  which  will  here-  * 
after  be  considered.  Those  houses  in  Chili  of  which  the  foundations 
were  on  rock  were  less  damaged  than  such  as  were  built  on  alluvial 
soil. 

Mr.  Cruickshanks,  an  English  botanist,  who  resided  in  the  country 

*  Phil.  Mag.  July  1828,  p.  87 

♦  Geol.  Trans,  vol  L  2d  aer.,  and  «Toarn.  of  9cL  1824,  voL  rviL  p.  4a 

I  GeoL  Tnm«.  vol  L  2d  ser.  p.  415.  g  Joorii.  of  ScL  vol  rvil  p.  42. 
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during  the  earthquake,  has  informed  me  that  some  rocks  of  greenstone 
at  Quintero,  a  few  hundred  yards  from  the  beach,  which  had  always 
been  under  water  till  the  shock  of  1822,  have  6ince  been  uncovered 
when  the  tide  is  at  half-ebb :  and  he  states  that,  after  the  earthquake, 
it  was  the  general  belief  of  the  fishermen  and  inhabitants  of  the  Chiliac 
coast,  not  that  the  land  had  risen,  but  that  the  ocean  had  permanently 
retreated. 

Dr.  Meyen,  a  Prussian  traveller,  who  visited  Valparaiso  in  1831,  says 
that  on  examining  the  rocks  both  north  and  bouth  of  the  town,  nme  years 
after  the  event,  he  found,  in  corroboration  of  Mis.  Graham's  account* 
that  remains  of  animals  and  sea- weed,  the  Lessonia  of  Bory  de  St  Yin- 
cent,  which  has  a  firm  ligneous  stem,  still  adhered  to  those  rocks  which 
in  1822  had  been  elevated  above  high-water  mark.*  According  to  the 
same  author,  the  whole  coast  of  Central  Chili  was  raised  about  four  feet, 
and  banks  of  marine  shells  were  laid  dry  on  many  parts  of  the  coast 
He  observed  similar  banks,  elevated  at  unknown  periods,  in  several 
places,  especially  at  Copiapo,  where  the  species  all  agree  with  those  now 
living  in  the  ocean.  Mr.  Freyer  also,  who  resided  some  years  in  South 
America,  has  confirmed  these  statements  ;f  and  Mr.  Darwin  obtained 
evidence  that  the*  remains  of  an  ancient  wall,  formerly  washed  by  the 
sea,  and  now  11^  feet  above  high-water  mark,  acquired  several  feet  of 
this  additional  elevation  during  the  earthquake  of  1822.]; 

The  shocks  continued  up  to  the  end  of  September,  1823 ;  even  then, 
forty-eight  hours  seldom  passed  without  one,  and  sometimes  two  or 
three  were  felt  during  twenty-four  hours.  Mrs.  Oraham  observed,  after 
the  earthquake  of  1822,  that  besides  a  beach  newly  raised  above  high- 
water  mark,  there  were  several  older  elevated  lines  of  beach,  one  above 
the  other,  consisting  .of  shingle  mixed  with  shells  extending  in  a  parallel 
direction  to  the  shore,  to  the  height  of  fifty  feet  above  the  sea.g 

Extent  of  country  elevated, — By  some  observers  it  has  been  supposed 
that  the  whole  country  from  the  foot  of  the  Andes  to  a  great  distance 
under  the  sea  was  upraised  in  1822,  the  greatest  rise  being  at  the  dis- 
tance of  about  two  miles  from  the  shore.  "  The  rise  upon  the  coast  was 
from  two  to  four  feet : — at  the  distance  of  a  mile  inland  it  must  have 
been  from  five  to  six  or  seven  feet."||  It  has  also  been  conjectured  by 
the  same  eye-witnesses  to  the  convulsion,  that  the  area  over  which  this 
permanent  aJteration  of  level  extended  may  have  been  equal  to  100,000 
square  miles.  Although  the  increased  fall  of  certain  water-courses  may 
have  afforded  some  ground  for  this  conjecture,  it  must  be  considered  as 
very  hypothedcal,  and  the  estimate  may  have  exceeded  or  greatly  faDen 
short  of  the  truth.  It  may  nevertheless  be  useful  to  reflect  on  the  enor- 
mous amount  of  change  which  this  single  convulsion  occasioned,  if  the 

*  Reise  urn  die  Erde ;  and  see  Dr.  Meyen'«  letter  cited  Fore^  Quart  Ref 
Na  88,  p.  18.  1886. 

1'  Oeol.  Soc  Proceedings,  No.  xl  p.  179,  Feb.  1885. 
Proceed.  GeoL  Soa  voL  il  p.  447. 
OeoL  Trans,  vol.  l  2d  ser.  p.  415. 
Journal  of  Science,  vol  zm  pp  40,  45. 
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extent  of  country  moved  upward  really  amounted  to  100,000  square 
miles, — an  extent  just  equal  to  half  the  area  of  France,  or  about  five- 
sixths  of  the  area  of  Great  Britain  and  Ireland.  If  we  suppose  the 
elevation  to  have  been  only  three  feet  on  an  average,  it  will  be  seen  that 
the  mass  of  rock  added  to  the  continent  of  America  by  the  movement* 
or,  in  other  words,  the  mass  previously  below  the  level  of  the  sea,  and 
after  the  shocks  permanently  above  it,  must  have  contained  fifty-seven 
cubic  miles  in  bulk ;  which  would  be  sufficient  to  form  a  conical  moun- 
tain two  miles  high  (or  about  as  high  as  Etna),  with  a  circumference  at 
the  base  of  nearly  thirty-three  miles.  We  may  take  the  mean  specific 
gravity  of  the  rock  at  2*655, — a  fair  average,  and  a  convenient  one  in 
such  computations,  because  at  such  a  rate  a  cubic  yard  weighs  two  tons. 
Then,  nssuming  the  great  pyramid  of  Egypt,  if  solid,  to  weigh,  in  accord- 
ance with  an  estimate  before  given,  six  million  tons,  we  may  state  the 
rock  added  to  the  continent  by  the  Chilian  earthquake  to  have  more  than 
equalled  100,000  pyramids. 

But  it  must  always  be  borne  in  mind  that  the  weight  of  rock  here  al- 
luded to  constituted  but  an  insignificant  part  of  the  whole  amount  which 
the  volcanic  forces  had  to  overcome.  The  whole  thickness  of  rock  be- 
tween the  surface  of  Chili  and  the  subterranean  foci  of  volcanic  action 
may  be  many  miles  or  leagues  deep.  Say  that  the  thickness  was  only 
two  miles,  even  then  the  mass  which  changed  place  and  rose  three  feet 
being  200,000  cubic  miles  in  volume,  must  have  exceeded  m  weight 
363  million  pyramids. 

It  may  be  instructing  to  consider  these  results  in  connection  with 
others,  already  obtained  from  a  different  source,  and  to  compare  the 
working  of  two  antagonistic  forces — the  levelling  power  of  running 
water,  and  the  expansive  energy  of  subterranean  heat.  How  long,  it 
may  be  asked,  would  the  Ganges  require,  according  to  data  before  ex- 
plained (p.  283),  to  transport  to  the  sea  a  quantity  of  solid  matter  equal 
to  that  which  may  have  been  added  to  the  land  by  the  Chilian  earth- 
quake ?  The  discharge  of  mud  in  one  year  by  the  Ganges  was  estima- 
ted at  20,000  million  cubic  feet.  According  to  that  estimate  it  would 
require  about  four  centuries  (or  418  years)  before  the  river  could  bear 
down  from  the  continent  into  the  sea  a  mass  equal  to  that  gjEuned  by  th6 
Chilian  earthquake.  In  about  half  that  time,  perhaps,  the  united  waters 
of  the  Ganges  and  Burrampooter  might  accomplish  the  operation. 

Outchj  1819. — A  violent  earthquake  occurred  at  Cutch,  in  the  delta 
of  the  Indus,  on  the  16th  of  June,  1819.  (See  Map,  fig.  71.)  The 
principal  town,  Bhooj,  was  converted  into  a  heap  of  ruins,  and  its  stone 
buildings  were  thrown  down.  The  movement  was  felt  over  an  area 
having  a  radius  of  1000  miles  from  Bhooj,  and  extending  to  Ehatman- 
doo,  Calcutta,  and  Pondicherry.*  The  vibrations  were  felt  in  North- 
west India,  at  a  distance  of  800  miles,  after  an  interval  of  about  fifteen 
minutes  after  the  earthquake  at  Bhooj.     At  Ahmedabad  the  great 

*  See  Asiatic  Journal,  vol  i 
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mosque,  erected  by  Sultan  Ahmed  nearly  450  years  before,  fell  to  the 
ground,  attesting  how  long  a  period  had  elapsed  since  a  shock  of  simi- 
lar violence  had  visited  that  point.  At  Anjar,  the  fort,  with  its  tower 
and  guns,  was  hurled  to  the  ground  in  one  common  mass  of  ruin.  The 
shocks  continued  until  the  20th ;  when,  thirty  miles  northwest  from 
Bhooj,  the  volcano  called  Denodur  is  said  by  some  to  have  sent  forth 
flames,  but  Capt  Grant  was  unable  to  authenticate  this  statement 

Svhsidencein  the  delta,  of  the  Indue, — ^Although  the  ruin  of  towns  was 
great,  the  face  of  nature  in  the  inland  country,  says  Captain  Macmurdo, 
was  not  visibly  altered.  In  the  hills  some  lai^e  masses  only  of  rock 
-and  soil  were  detached  from  the  precipices ;  but  the  eastern  and  almost 
deserted  channel  of  the  Indus,  which  bounds  the  province  of  Gutch,  was 
greatly  changed.  This  estuary,  or  inlet  of  the  sea,  was,  before  the 
earthquake,  fordable  at  Luckput,  being  only  about  a  foot  deep  when 
the  tide  was  at  ebb,  and  at  flood-tide  never  more  than  six  feet ;  but  it 
was  deepened  at  the  fort  of  Luckput,  after  the  shock,  to  more  than 
mghteenfeet  at  low  water*  On  sounding  other  parts  of  the  channel,  it 
was  found,  that  where  previously  the  depth  of  the  water  at  flood  never 
exceeded  one  or  two  feet,  it  had  become  from  four  to  ten  feet  deep. 
By  these  and  other  remarkable  changes  of  level,  a  part  of  the  inland 
navigation  of  that  country,  which  had  been  closed  for  centuries,  became 
again  practicable. 

•  Hflcmurdo  Ed.  Phil  Joum.  iv.  106. 
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Fort  of  Bindree,  on  the  eastern  branch  of  the  Tndus,  before  It  was  submerpred  by  the  earthquake 
of  1819,  fh>m  a  sketch  of  Gapt  Orindlay,  made  in  160a 

Fort  and  village  submerffed* — The  fort  and  village  of  Sindree,  on  the 
eastern  arm  of  the  Indus,  above  Luckput,  are  stated  by  the  same  writer 
to  have  been  overflowed  ;  and,  after  the  shock,  the  tops  of  the  houses 
and  wall  were  alone  to  be  seen  above  the  water,  for  the  houses,  although 
submerged,  were  not  cast  down.  Had  they  been  situated,  therefore,  in 
the  interior,  where  so  many  forts  were  levelled  to  the  ground,  their  site 
would,  perhaps,  have  been  regarded  as  having  remained  comparatively 
unmoved.  Hence  we  may  suspect  that  great  permanent  upheavings 
and  depressions  of  soil  may  be  the  result  of  earthquakes,  without  the 
inhabitants  being  in  the  least  degree  conscious  of  any  change  of  level. 

A  more  recent  survey  of  Cutch,  by  Sir  A.  Bumes,  who  was  not  in 
communication  with  Capt.  Macmurdo,  confirms  the  facts  above  enumera- 
ted, and  adds  many  important  details.f  That  officer  examined  the 
delta  of  the  Indus  in  1826  and  1828^  and  from  his  account  it  appears 
that,  when  Sindree  subsided  in  June,  1819;  the  sea  flowed  in  by  the 
eastern  mouth  of  the  Indus,  and  in  a  few  hours  converted  a  tract  of 
land,  2000  square  miles  in  area,  into  an  inland  sea,  or  lagoon.  Neither 
the  rush  of  the  sea  into  this  new  depression,  nor  the  movement  of  the 
earthquake,  threw  down  entirely  the  small  fort  of  Sindree,  one  of  the 
four  towers,  the  northwestern,  still  continuing  to  stand ;  and,  the  day  after 
the  earthquake,  the  inhabitants  who  had  ascended  to  the  top  of  this 
tower,  saved  themselves  in  boats. J 

♦  I  waa  indebted  to  my  friend  the  late  Sir  Alexander  Bumes  for  the  accom- 
pany iog  aketch  (fig.  72)  of  the  fort  of  Sindree,  as  it  appeared  eleven  years  before 
the  earthquake. 

{This  Memoir  is  now  in  the  Library  of  the  Royal  Asiatic  Society  of  London. 
Several  particulars  not  giyen  in  the  earlier  edition  were  afterwards  obtained 
hy  me  from  personal  commanication  with  Sir  A  Burnes  in  London. 
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Elevation  of  ths  UUah  Bund. — ^Immediately  after  the  shock,  the  in- 
habitants of  Sindree  saw,  at  the  dbtance  of  five  miles  and  a  half  frooQ 
their  village,  a  long  elevated  mound,  where  previously  there  had  been  a 
low  and  perfectly  level  plain.  (See  Map,  fig.  71.)  To  this  uplifted 
tract  they  gave  the  name  of  "  Ullah  Bund,"  or  the  *'  Mound  of  Ood,*' 
to  distinguish  it  from  several  artifidai  dams  previously  thrown  acroes 
the  eastern  arm  of  the  Indus. 

Extent  of  country  raised. — ^It  has  been  ascertained  that  this  new* 
nused  country  is  upwards  of  fifty  miles  in  length  fnMn  east  to  west^ 
running  parallel  to  that  line  of  subudence  before  mentioned,  which 
caused  the  grounds  around  Sindree  to  be  flooded.  The  range  of  this 
elevation  extends  from  Puchum  Island  towards  Gharee;  its  breadth 
from  north  to  south  is  conjectured  to  be  in  sosie  parts  sixteen  miles,  and 
its  greatest  ascertained  height  above  the  original  level  of  the  delta  is 
ten  feet, — an  elevation  which  appears  to  the  eye  to  be  veiy  uniform 
throughout 

For  several  years  after  the  convulsion  of  1819,  the  course  of  the  In- 
.us  was  very  unsettled,  and  at  length,  in  1826,  the  river  threw  a  vast 
body  of  water  into  its  eastern  arm,  that  called  the  Phurraun,  above 
Sindree ;  and  forcing  its  way  in  a  more  direct  course  to  the  sea,  burst 
through  all  the  artificial  dams  which  had  been  thrown  across  its  chan- 
nel, and  at  length  cut  right  through  the  "  Ullah  Bund,'*  whereby  a 
natural  section  was  obtuned.  In  the  perpendicular  cliflli  thus  laid  open 
Sir  A.  Bumes  found  that  the  upraised  lands  consisted  of  clay  filled  with 
shells.  The  new  channel  of  the  river  where  it  intersected  the  **  bund'* 
was  eighteen  feet  deep,  and  forty  yards  in  width;  but  in  1828  the 
channel  was  still  farther  enlarged.  The  Indus,  when  it  first  opened  this 
new  passage,  threw  such  a  body  of  water  into  the  new  mere,  or  salt 
lagoon,  of  Sindree,  that  it  became  fresh  for  many  months ;  but  it  had 
recovered  its  saltness  in  1828,  when  the  supply  of  river- water  was  less 
copious,  and  finally  it  became  more  salt  than  the  sea,  in  consequence,  as 
the  natives  suggested  to  Sir  A.  Bumes,  of  the  saline  particles  with 
which  the  "  Runn  of  Cutch"  is  impregnated. 

In  1828  Sir  A.  Bumes  went  in  a  boat  to  the  ruins  of  Sindree,  where 
a  single  remaining  tower  was  seen  in  the  midst  of  a  wide  expanse  of  sea. 
The  tops  of  the  mmed  walls  still  rose  two  or  three  feet  above  the  level 
of  the  water ;  and  standing  on  one  of  these,  he  could  behold  nothing  in 
the  horizon  but  water,  except  in  one  direction,  where  a  blue  streak  of 
land  to  the  north  indicated  the  Ullah  Bund.  This  scene  presents  to  the 
imagination  a  lively  picture  of  the  revolutions  now  in  progress  on  the 
earth — a  waste  of  waters  where  a  few  years  before  all  was  land,  and 
the  only  land  visible  consisting  of  ground  uplifted  by  a  recent  earth- 
quake. 

.  Ten  years  after  the  visit  of  Sir  A.  Bumes  above  alluded  to,  my  friend, 
Captain  Grant,  F.  G.  S.,  of  the  Bombay  Engineen,  had  the  kindness 
to  send  at  my  request  a  native  surveyor  to  make  a  plan  of  Sindree  and 
Ullah  Bund,  in  March,  1888.    From  his  description  it  appears  that^  at 
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that  season,  the  driest  of  the  whole  year,  he  found  the  channel  trayers- 
ing  the  Bund  to  be  100  yards  wide,  without  water,  and  incrusted  with 
salt  He  was  told  that  it  has  now  only  four  or  five  feet  of  water  in  it 
after  rains.  The  sides  or  banks  were  nearly  perpendicular,  and  nine 
feet  in  height.  The  lagoon  has  dimbished  both  in  area  and  depth,  and 
part  near  the  fort  was  dry  land.    The  annexed  drawing,  made  by  Cap- 


View  of  the  Fort  of  Sindree,  from  tU  weit,  in  ICareh,  18881 


tain  Grant  from  the  surveyor's  plan,  shows  the  appearance  of  the  fort 
in  the  midst  of  the  lake,  as  seen  m  1838  from  the  west,  or  from  the 
same  i)oint  as  that  from  which  Captain  Grindlay's  sketch  (see  fig.  72) 
was  taken  in  1808,  before  the  earthquake.  ^ 

The  Runn  of  Cutch  is  a  flat  region  of  a  very  peculiar  character,  and  no 
less  than  7000  square  miles  in  area :  a  greater  superficial  extent  than 
Yorkshire,  or  about  one-fourth  the  area  of  Ireland.  It  is  not  a  desert 
ci  moving  sand,  nor  a  marsh,  but  evidently  the  dried-up  bed  of  an  in- 
land sea,  which  for  a  great  part  of  every  year  has  a  hard  and  dry  bot- 
tom uncovered  by  weeds  or  grass,  and  only  supporting  here  and  there  a 
few  tamarisks.  But  during  the  monsoons,  when  the  sea  runs  high,  the 
salt-water  driven  up  from  the  Gulf  of  Cutch  and  the  creeks  at  Luckput 
overflows  a  large  part  of  the  Runn,  especially  after  rains,  when  the  soaked 
ground  permits  the  sea-water  to  spread  rapidly.  The  Runn  is  also  liable 
to  be  overflowed  occasionally  in  some  parts  by  river- water :  and  it  is  re- 
markable that  the  only  portion  which  was  ever  highly  cultivated  (that 
anciently  called  Sayra)  is  now  permanently  submerged.  The  surface  of 
the  Runn  is  sometimes  incrusted  with  salt  about  an  inch  in  depth,  in  conse- 
quence of  the  evaporation  of  the  sea- water.  Islands  rise  up  in  some  parts 
of  the  waste,  and  the  boundary  lands  form  bays  and  promontories.  The 
natives  have  various  traditions  respecting  the  former  separation  of  Cutch 
and  Sinde  by  a  bay  of  the  sea,  and  the  drying  up  of  the  district  called 
the  Runn.  But  these  tales,  besides  the  usual  uncertainty  of  oral  tradi- 
tion, are  farther  obscured  by  mythological  fictions.  The  conversion  of 
the  Runn  into  land  is  chiefly  ascribed  to  the  miraculous  powers  of  a  Hin- 
doo saint,  by  name  Damorath  (or  Dhoorunnath),  who  had  previously  done 
penance  for  twelve  years  on  the  summit  of  Denodur  hill.  Captain  Grani^ 
infers,  on  various  grounds,  that  this  saint  flourished  about  the  eleventh 
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or  twelfth  century  of  our  era.  In  proof  of  the  drying  up  of  the  Sudd, 
some  towns  far  inland  are  still  pointed  out  as  having  once  been  ancient 
ports.  It  has,  moreover,  been  always  said  that  ships  were  wrecked  and 
engulphed  by  the  great  catastrophe ;  and  in  the  jets  of  black  muddy 
water  thrown  out  of  fissures  m  that  region,  in  1819,  there  were  cast  up 
numerous  pieces  of  wrought-iron  and  ship  nails.*  Cones  of  sand  six  or 
eight  feet  in  height  were  at  the  same  dme  thrown  up  on  these  lands.f 

We  must  not  conclude  without  alluding  to  a  moral  phenomenon 
connected  with  this  tremendous  catastrophe,  which  we  regard  as  highly 
deserving  the  attention  of  geologists.  It  is  stated  by  Sir  A.  Bumes,  that 
"  these  wonderful  events  passed  unheeded  by  the  inhabitants  of  Cutch;" 
for  the  region  convulsed,  though  once  fertile,  had  for  a  long  period  been 
reduced  to  sterility  by  want  of  irrigation,  so  that  the  natives  were  indif- 
ferent as  to  its  fate.  Now  it  is  to  this  profound  apathy  which  all  but 
highly  civilized  nations  feel,  in  regard  to  physical  events  not  having  an 
immediate  influence  on  their  worldly  fortunes,  that  we  must  ascribe  the 
extraordinary  dearth  of  historical  information  concerning  changes  of  the 
earth's  surface,  which  modem  observations  show  to  be  by  no  means  of 
rare  occurrence  in  the  ordinary  course  of  nature. 

Since  the  above  account  was  written,  a  description  has  been  published 
of  more  recent  geographical  changes  in  the  district  of  Outch,  near  the 
mouth  of  the  Koree,  or  eastern  branch  of  the  Indus,  which  happened 
m  June,  1845.  A  large  area  seems  to  have  subsided,  and  the  Sindree 
lake  had  become  a  salt  marsh.;^ 

Island  of  SumhatoOj  1815. — In  April,  1815,  one  of  the  most  frightful 
eruptions  recorded  in  history  occurred  in  the  province  of  Tomboro,  m  the 
island  of  Sumbawa  (see  Map,  fig.  39,  p.  351),  about  200  miles  Irom 
the  eastern  extremity  of  Java.  In  April  of  the  year  preceding  the 
volcano  had  been  observed  in  a  state  of  considerable  activity,  ashes  hav- 
ing fallen  upon  the  decks  of  vessels  which  sailed  past  the  coast.§  The 
eruption  of  1815  began  on  the  5th  of  April,  but  was  most  violent  on  the 
11th  and  12th,  and  did  not  entirely  cease  till  July.  The  sound  of  the 
explosions  was  beard  in  Sumatra,  at  the  distance  of  970  gec^aphical 
miles  in  a  direct  hue;  and  at  Temate,  in  an  opposite  direction.  At  the 
distance  of  720  miles.  Out  of  a  population  of  12,000,  in  the  province 
of  Tomboro,  only  twenty-six  individuals  survived.  Violent  whirlwinds 
carried  up  men,  horses,  cattle,  and  whatever  else  came  within  their  influ- 
ence into  the  air ;  tore  up  the  largest  trees  by  the  roots,  and  covered  the 
whole  sea  with  floating  timber.||  Great  tracts  of  land  were  covered  by 
lava,  several  streams  of  which,  issuing  from  the  crater  of  the  Tomboro 
mountain,  reached  the  sea.  So  heavy  was  the  fall  of  ashes,  that  they 
broke  into  the  Resident's  house  at  Bima,  forty  miles  east  of  the  volcano, 
and  rendered  it  as  well  as  many  other  dwellings  in  the  town  uninhabit- 
able.    On  the  side  of  Java  the  ashes  were  can^  to  the  distance  of  300 


*  Capt.  Bainea'  Acoount      4  Capt  Macmurdo's  Memoir,  Ed.  FhiL  Joum. 
i  IT.  p.  106.  1  Quart.  GeoL  Joura.  vol.  n.  p  108. 

8  Ma  of  J.  Grawfnrd,  Eaq.       |  Baffles*  Java,  vol  i  p  28. 
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miles,  and  217  towards  Celebes,  in  sufficient  quantity  to  darken  the  air. 
The  floating  cinders  to  the  westward  of  Sumatra  formed,  on  the  12  th  of 
April,  a  mass  two  feet  jthick,  and  several  miles  in  extent,  through  which 
ships  with  difficulty  forced  their  way. 

The  darkness  occasioned  in  the  daytime  by  the  ashes  in  Java  was  so 
profound,  that  nothing  equal  to  it  was  ever  witnessed  in  the  darkest 
night.  Although  this  volcanic  dust  when  it  fell  was  an  impalpable 
powder,  it  was  of  considerable  weight  when  compressed,  a  pint  of  it 
weighing  twelve  ounces  and  three  quarters.  "  Some  of  the  finest  parti- 
cles," says  Mr.  Crawfurd,  "  were  transported  to  the  islands  of  Amboyna 
and  Banda,  which  last  is  about  800  miles  east  from  the  site  of  the  vol- 
cano, although  the  southeast  monsoon  was  then  at  its  height."  They 
must  have  been  projected,  therefore,  into  the  upper  regions  of  the 
atmosphere,  where  a  counter-current  prevmled. 

Along  the  sea-coast  of  Sumbawa  and  the  adjacent  isles,  the  sea  rose 
suddenly  to  the  height  of  from  two  to  twelve  feet,  a  great  wave  rushing 
up  the  estuaries,  and  then  suddenly  subsiding.  Although  the  wind  at 
Bima  was  still  during  the  whole  time,  the  sea  rolled  in  upon  the  shore, 
and  filled  the  lower  parts  of  the  houses  with  water  a  foot  deep.  Every 
prow  and  boat  was  forced  from  the  anchorage,  and  driven  on  shore. 

The  town  called  Tomboro,  on  the  west  side  of  Sumbawa,  was  over- 
flowed by  the  sea,  which  encroached  upon  the  shore  so  that  the  water 
remained  permanently  eighteen  feet  deep  in  places  where  there  was  land 
before.  Here  we  may  observe,  that  the  amount  of  subsidence  of  land 
was  apparent,  in  spite  of  the  ashes,  which  would  naturally  have  caused 
the  limits  of  the  coast  to  be  extended. 

The  area  over  which  tremulous  noises  and  other  volcanic  effects  ex- 
tended, was  1000  English  miles  in  circumference,  includmg  the  whole 
of  the  Molucca  Islands,  Java,  a  considerable  portion  of  Celebes,  Suma- 
tra, and  Borneo.  In  the  island  of  Amboyna,  in  the  same  month  and 
year,  the  ground  opened,  threw  out  water,  and  then  closed  again.* 

In  conclusion,  I  may  remind  the  reader,  that  but  for  the  accidental 
presence  of  Sir  Stamford  Raffies,  then  Governor  of  Java,  we  should 
scarcely  have  heard  in  Europe  of  this  tremendous  catastrophe.  He 
required  all  the  residents  in  the  various  districts  urder  his  authority  to 
send  in  a  statement  of  the  circumstances  which  occurred  within  their  own 
knowledge ;  but,  valuable  as  were  their  communications,  they  are  often 
calculated  to  excite  rather  than  to  satisfy  the  curiosity  of  the  geologist. 
They  mention  that  similar  effects,  though  in  a  less  degree,,  had,  about 
seven  years  before,  accompanied  an  eruption  of  Carang  Assam,  a  volcano 
in  the  island  of  Bali,  west  of  Sumatra ;  but  no  particulars  of  that  great 
catastrophe  are  recorded.f 

Caraceas,  1812. — On  the  26th  of  March,  1812,  several  violent  shocks 
of  an  earthquake  were  felt  in  Caraccas.  The  surface  undulated  like  a 
boiling  liquid,  and  terrific  sounds  were  heard  underground.     The  whole 

*  Raffles*  Hist,  of  Java,  vol  L  p.  25.    Ed,  Phfl.  Joum.  vol  iii  p.  889. 
t  Life  and  Services  of  Sir  Stamford  Raffles,  p.  241.    London,  1880. 
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city  with  its  splendid  churches  was  in  an  instant  a  heap  of  ruins,  imdat 
which  10,000  of  the  inhabitants  were  buried.  On  the  5th  of  Apxil« 
enormous  rocks  were  detached  from  the  mountains,  it  was  believed 
that  the  mountain  Silla  lost  from  800  to  S60  feet  of  its  h^ht  by  sabsi- 
dence ;  but  this  was  an  opinion  not  founded  on  any  measurement.  On 
the  27th  of  April,  a  Tolcano  in  St.  Vincent's  threw  out  ashes ;  a&d,  on 
the  dOth,  lava  flowed  from  its  crater  into  the  sea»  while  its  explosions 
were  heard  at  a  distance  equal  to  that  between  Yesuvius  and  Switier* 
land,  the  sound  being  transmitted,  as  Humboldt  supposes,  through  the 
ground.  During  the  earthquake  which  destroyed  Caraccas,  an  immense 
quantity  of  water  was  thrown  out  at  Yalecillo,  near  Valencia,  as  also  at 
Porto  Cabello,  through  openings  in  the  earth ;  and  in  the  Lake  Mara- 
caybo  the  water  sank.  Humboldt  observed  that  the  Cordilleras,  ecmi- 
posed  of  gneiss  and  mica  slate,  and  the  country  immediately  at  th^  feet» 
were  more  violently  shaken  than  the  plains** 

South  Carolina  and  New  Madrid,  Missouri,  1811-12. — ^Previous  to 
the  destruction  of  La  Guayra  and  Caraccas,  in  1812,  earthquakes  were 
felt  in  South  Carolina ;  and  the  shocks  continued  till  those  cities  were 
destroyed.  The  valley  also  of  the  Mississippi,  from  the  village  of  New 
Madrid  to  the  mouth  of  the  Ohio  in  one  directbn,  and  to  the  St.  Francis 
in  another,  was  ccmvulsed  in  such  a  degree  as  to  create  new  lakes  and 
islands.  It  has  been  remarked  by  Humboldt  in  his  Cosmos,  that  the 
earthquake  of  New  Madrid  presents  one  of  the  few*  examples  on  record 
of  the  incessant  quaking  of  the  ground  for  several  suocesuve  months  >itt* 
from  any  volcano.  Flmt,  the  geographer,  who  visited  the  country  seven 
years  after  the  event,  informs  us,  that  a  tract  of  many  miles  in  extent, 
near  the  Little  Prairie,  became  covered  with  water  three  or  four  feet 
deep  ;  and  when  the  water  disappeared  a  stratum  of  sand  was  left  in  its 
place.  Large  lakes  of  twenty  miles  in  extent  were  formed  in  the  courae 
of  an  hour,  and  others  were  drained.  The  grave-yard  at  New  Madrid 
was  precipitated  into  the  bed  of  the  Missisdppi ;  and  it  is  stated  that  the 
ground  whereon  the  town  is  built,  and  the  river-bank  for  fifteen  miles 
above,  sank  eight  feet  below  their  former  level.f  The  neighboring  forest 
presented  for  some  years  afterwards  <<  a  singular  scene  of  confusion ;  the 
trees  standing  inclined  in  every  direction,  and  many  having  their  trunks 
and  branches  broken."^ 

The  inhabitants  relate  that  the  earth  rose  in  great  undulations ;  and 
when  these  reached  a  certain  fearful  height,  the  soil  burst,  and  vast  vol- 
umes of  water,  sand,  and  pit-coal  were  dbcharged  as  high  as  the  tops 
of  the  trees.  Flint  saw  hundreds  of  these  deep  chasms  remaining  in  an 
alluvial  soil,  seven  years  after.  The  people  in  the  country,  although 
inexperienced  in  such  convulsions,  had  remarked  that  the  chasms  in  the 
earth  were  in  a  direction  from  S.  W.  to  N.  £. ;  and  they  accordingly 
felled  the  tallest  trees,  and  laying  them  at  right  angles  to  the  chasms« 

*  Humboldt's  Pers.  Nar.  vol  iv.  p.  12 ;  and  Ed.  PhU.  Joum.  vol  L  p  272 :  1819 

{Cramer's  Navigator,  p.  248.    PitUburgh,  1821. 
Long's  Exped.  to  the  Rockjr  MooDtains,  vdL  iil  p  184. 
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stationed  themselves  upon  them.  By  ^us  invention,  when  chasms  open- 
ed more  than  once  under  these  trees,  several  persons  were  prevented 
fix>m  being  swallowed  up.*  At  one  period  during  this  earthqualce,  the 
ground  not  far  below  New  Madrid  swelled  up  so  as  to  arrest  the  Missis- 
sippi in  its  course,  and  to  cause  a  temporaiy  r^uz  of  its  waves.  The 
motion  of  some  of  the  shocks  is  described  as  having  been  honEontal,  and 
of  others  perpendicular ;  and  the  vertical  movement  is  said  to  have  been 
much  less  desolating  than  the  horisontal. 

The  above  account  has  been  reprinted  exactly  as  it  appeared  in 
former  editions  of  this  work,  compiled  from  the  authorities  which  I  have 
cited;  but  having  more  recently  (March,  1846)  had  an  opportunity 
myself  of  visiting  the  disturbed  region  of  the  Mississippi,  and  convers- 
ing with  many  eye-witnesses  of  the  catastrophe,  I  am  able  to  confirm 
the  truth  of  those  statements,  and  to  add  some  remarks  on  the  present 
face  and  features  of  the  country.  I  skirted,  as  was  before  related  (p. 
270),  part  of  the  territory  immediately  west  of  New  Madrid,  called 
"  the  sunk  country,*-  which  was  for  the  first  time  permanently  sub- 
merged during  the  earthquake  of  1811-12.  It  is  said  to  extend  along 
the  course  of  the  White  Water  and  its  tributaries  for  a  distance  of  be- 
tween 70  and  80  miles  north  and  south,  and  80  miles  east  and  west.  I 
saw  on  its  borders  many  full-grown  trees  still  standing  leafless,  the  bot- 
toms of  their  trunks  several  feet  under  water,  and  a  still  greater  num- 
ber lying  prostrate.  An  active  vegetation  of  aquatic  plants  is  already 
beginning  to  fill  up  some  of  the  shallows,  and  the  sediment  washed  in 
by  occasional  floods  when  the  Mississippi  rises  to  an  extraordinary 
height  contributes  to  convert  the  sunk  region  into  marsh  and  forest 
land.  Even  on  the  dry  ground  along  the  confines  of  the  submerged 
area,  I  observed  in  some  places  that  all  the  trees  of  prior  date  to  1811 
were  dead  and  leafless,  though  standing  erect  and  entire.  They  are 
supposed  to  have  been  killed  by  the  loosening  of  their  roots  during  the 
repeated  undulations  which  passed  through  the  ground  for  three  months 
in  succession. 

Mr.  Bringier,  an  experienced  engineer  of  New  Orleans,  who  was  on 
horseback  near  New  Madrid  when  some  of  the  severest  shocks  were  ex- 
perienced, related  to  me  (in  1846),  that  "as  the  waves  advanced  the 
trees  bent  down,  and  the  instant  afterwards,  while  recovering  their  posi- 
tion, they  often  met  those  of  other  trees  similarly  inclined,  so  that  their 
branches  becoming  interlocked,  they  were  prevented  from  righting  them- 
selves again.  The  transit  of  the  wave  through  the  woods  was  marked 
by  the  crashing  noise  of  countless  boughs,  first  heard  on  one  side  and 
then  on  the  other.  At  the  same  time  powerful  jets  of  water,  mixed 
with  sand,  mud,  and  fragments  of  coaly  matter,  were  cast  up,  endanger- 
ing the  lives  of  both  horse  and  rider/' 

I  was  curious  to  ascertain  whether  any  vestiges  still  remained  of 
these  fountains  of  mud  and  water,  and  carefully  examined  between  New 

*  Sillimsn'B  Joum.  Jan.  1829. 
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Madrid  and  the  Little  Prairie  several  "  sink  holes,"  as  they  are  termed. 
Thej  consist  of  cavities  from  10  to  30  yards  in  width,  and  20  feet  en 
more  in  depth,  and  are  very  conspicuous,  interrupting  the  level  surface 
of  a  flat  alluvial  plain.  I  saw  abundance  of  sand,  which  some  oi  the 
present  inhabitants  saw  spouting  from  these  deep  holes,  also  fragments 
of  decayed  wood  and  black  bituminous  shale,  probably  drifted  down  at 
some  former  period  in  the  main  channe]  of  the  Mississippi,  from  the 
coal-fields  farther  north.  I  also  found  numerous  rents  in  the  soil  left 
by  the  earthquake,  some  of  them  still  several  feet  wide,  and  a  yard  or 
two  in  depth,  although  the  action  of  rains,  frost,  and  occasional  inunda- 
tions, and  especially  the  leaves  of  trees  blown  into  them  in  countless 
numbers  every  autumn;  have  done  much  to  fill  them  up.  I  measured 
the  direction  of  some  of  the  fissures,  which  usually  varied  from  10  to 
45  degrees  W.  of  north,  and  were  often  parallel  to  each  other ;  I  found, 
however,  a  considerable  diversity  in  th^  direction.  Many  of  them  are 
traceable  for  half  a  mile  and  upwards,  but  they  might  easily  be  mis- 
taken for  artificial  trenches  if  resident  settlers  were  not  there  to  assure 
us  that  within  their  recollection  they  were  "  as  deep  as  wells."  Frag- 
ments of  coaly  shale  were  strewed  along  the  edges  of  some  of  these 
open  fissures,  together  with  white  sand,  in  the  same  manner  as  round 
the  "sink  holes."* 

Among  other  monuments  of  the  changes  wrought  in  1811-12, 1  ex- 
plored the  bed  of  the  lake  called  Eulalie,  near  New  Madrid,  300  yards 
long  by  100  yards  in  width,  which  was  suddenly  drained  during  the 
earthquake.  The  parallel  fissures  by  which  the  waters  escaped  are  not 
yet  entirely  closed,  and  all  the  trees  growing  on  its  bottom  were  at  the 
time  of  my  visit  less  than  34  years  old.  They  consisted  of  cotton-wood, 
willows,  and  honey-locust,  and  other  species,  differing  from  those  cloth- 
ing the  surrounding  higher  grounds,  which  are  more  elevated  by  12  or 
15  feet.  On  them  the  hickory,  the  black  and  white  oak,  the  gum  and 
other  trees,  many  of  them  of  ancient  date,  were  flourishing. 

Aleutian  Islands,  1806. — ^In  the  year  1806,  a  new  island,  in  the  form 
of  a  peak,  with  some  low  conical  hills  upon  it,  is  said  to  have  risen  from 
the  sea  among  the  Aleutian  Islands,  east  of  Kamtschaika.  According  to 
Langsdorf,f  it  was  four  geographical  miles  in  circumference ;  and  Yon 
Buch  infers  from  its  magnitude,  and  from  its  not  having  again  subsided 
below  the  level  of  the  sea,  that  it  did  not  consist  merely  of  ejected  mat- 
ter, but  of  a  solid  rock  of  trachyte  upheaved.J  Another  extraordinary 
eruption  happened  m  the  spring  of  the  year  1814,  in  the  sea  near  Una- 
laschka,  m  the  same  archipelago.  A  new  isle  was  then  produced  of 
considerable  size,  and  with  a  peak  three  thousand  feet  high,  which  re- 
mained standing  for  a  year  afterwards,  though  with  somewhat  dimin- 
ished height. 

Although  it  b  not  improbable  that  earthquakes  accompanying  these 

*  See  LyelVs  Second  Visit  to  the  TTnited  States,  ch.  xxxiil 
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tremendoas  eruptions  may  have  heayed  up  part  of  the  bed  of  the  sea, 
yet  the  cifeumstance  of  the  islands  not  having  disappeared  like  Sabrina 
(see  p.  416),  may  have  arisen  from  the  emisision  of  lava.  If  Jorullo,  for 
example,  in  1759,  had  risen  from  a  shallow  sea  to  the  height  of  1600 
feet,  instead  of  attaining  that  elevation  above  the  Mexican  plateau,  the 
massive  current  of  basaltic  lava  which  poured  out  from  its  crater  would 
have  enabled  it  to  withstand,  for  a  long  period,  the  action  of  a  turbu- 
lent sea. 

Beflections  on  the  earthquakes  of  the  nineteenth  century, — ^We  are  now 
about  to  pass  on  to  the  events  of  the  eighteenth  century ;  but  before  we 
leave  the  consideration  of  those  already  enumerated,  let  us  pause  for  a 
moment,  and  reflect  how  many  remarkable  facts  of  geological  interest 
are  afforded  by  the  earthquakes  above  described,  thouga  they  constitute 
but  a  small  part  of  the  convulsions  even  of  the  last  forty  years.  New 
rocks  have  risen  from  the  waters ;  new  hot  springs  have  burst  out,  and 
the  temperature  of  others  has  been  raised ;  the  coast  of  Chili  has  been 
thrice  permanently  elevated ;  a  considerable  tract  in  the  delta  of  the 
Indus  has  sunk  down,  and  some  of  its  shallow  channels  have  become 
navigable ;  an  adjoining  part  of  the  same  district,  upwards  of  fifty  miles 
in  length  and  sixteen  in  breadth,  has  been  raised  about  ten  feet  above  its 
former  level ;  part  of  the  great  plain  of  the  Mississippi,  for  a  distance  of 
eighty  miles  in  length  by  thirty  in  breadth,  has  sunk  down  several  feet ; 
the  town  of  Tomboro  has  been  submerged,  and  twelve  thousand  of  the 
inhabitants  of  Sumbawa  have  been  destroyed.  Yet,  with  a  knowledge 
of  these  terrific  catastrophes,  witnessed  during  so  brief  a  period  by  the 
present  generation,  will  the  geologist  declare  with  perfect  composure 
that  the  earth  has  at  length  settled  into  a  state  of  repose  ?  Will  he 
continue  to  assert  that  the  changes  of  relative  level  of  land  and  sea,  so 
common  in  former  ages  of  the  world,  have  now  ceased  ?  If,  in  the  face 
of  so  many  striking  facts,  he  persists  in  maintaining  this  favorite  dogma, 
it  is  in  vain  to  hope  that,  by  accumulating  the  proofs  of  similar  convul- 
sions during  H  series  of  antecedent  ages,  we  shall  shake  his  tenacity  of 
purpose: — 

Si  fractus  illabatur  orbiB 
Impavidum  ferient  riiioa. 

EARTHQUAKES    OF   THE   EIGHTEENTH   OENTURT. 

Quito,  1*797. — On  the  morning  of  February  4th,  1797,  the  volcano 
of  Tunguragua  in  Quito,  and  the  surrounding  district,  for  forty  leagues 
from  south  to  north,  and  twenty  leagues  from  west  to  east,  experienced 
an  undulating  movement,  which  lasted  four  minutes.  The  same  shock 
was  felt  over  a  tract  of  170  leagues  from  south  to  north,  from  Piura  to 
Popayan ;  and  140  from  west  to  east,  from  the  sea  to  the  river  Napo. 
In  the  smaller  district  first  mentioned,  where  the  movement  was  more 
intense,  every  town  was  levelled  to  the  ground ;  and  Riobamba,  Quero, 
and  other  places,  were  buried  under  masses  detached  from  the  moun- 
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tains.  At  the  foot  of  Tunguragna  the  earth  iraa  rent  open  in  Beyeral 
places ;  and  streams  of  water  and  fetid  m\kA,  called  "  moya^"  poured 
out,  overflowing  and  wasting  erery  thing.  In  vallejs  1000  feet  broad, 
the  water  of  these  floods  reached  to  the  height  of  600  feet;  and  the 
mud  deposit  barred  up  the  course  of  the  riyer,  so  as  to  form  hikes, 
which  in  some  places  continued  for  more  than  eighty  days.  Flames  and 
suffocating  vapors  escaped  from  the  lake  Quilotoa,  and  killed  all  the 
cattle  on  its  shores.  The  shocks  continued  all  February  and  March ; 
and  on  the  5th  of  April  they  recurred  with  almost  as  much  violence  as 
at  first.  We  are  told  that  the  form  of  the  surface  in  the  district  most 
shaken  was  entirely  altered,  but  no  exact  measurements  are  given 
whereby  we  may  estimate  the  degree  of  elevation  or  subsidence.*  In- 
deed it  would  be  diffictilt,  except  in  the  immediate  neighborhood  of  the 
sea,  to  obtain  any  certain  standard  of  comparison  if  the  levels  were  really 
as  much  altered  as  the  naxrations  imply. 

Oumana,  1797. — In  the  same  year,  on  the  14th  of  December,  the 
small  Antilles  experienced  subterranean  movements,  and  four-fifths  of 
the  town  of  Cumana  was  shaken  down  by  a  vertical  shock.  The  form 
of  the  shoal  of  Moinerouge,  at  the  mouth  of  the  river  Bourdones,  was 
changed  by  an  upheaving  of  the  ground. f 

Canada — Quebec^  1791. — ^We  learn  from  Captain  Bayfield's  mem<Hrs, 
that  earthquakes  are  very  frequent  on  the  shore  of  the  estuary  of  the 
St.  Lawrence,  of  force  sufficient  at  times  to  split  walls  and  throw  down 
chimneys.  Such  were  the  effects  experienced  in  December,  1721,  in  St. 
Paul's  Bay,  about  fifty  miles  N.  E.  from  Quebec ;  and  the  inhabitants 
say,  that  about  every  twenty-five  years  a  violent  earthquake  returns, 
which  lasts  forty  days.  In  the  History  of  Canada,  it  is  stated  that,  in 
1663,  a  tremendous  convulsion  lasted  six  months,  extending  from  Que- 
bec to  Tadeausac, — a  distance  of  about  130  miles.  The  ice  on  the 
river  was  broken  up,  and  many  landslips  jcauscd.^ 

Caraccas,  1790. — In  the  Caraccas,  near  where  the  Caura  joins  the 
Orinoco,  between  the  towns  San  Pedro  de  Alcantara  and  San  Francisco 
de  Aripao,  an  earthquake,  on  St.  Matthew's  day  1790,  caused  a  sinking 
in  of  the  granitic  soil,  and  left  a  lake  800  yards  in  diameter,  and  from 
eighty  to  one  hundred  in  depth.  It  was  a  portion  of  the  forest  of  Ari- 
pao which  subsided,  and  the  trees  remained  green  for  several  months 
under  water.§ 

Sicily,  1790. — On  the  18th  of  March  in  the  same  year,  at  S.  Maria 
di  Niscemi,  some  miles  from  Terranuova,  near  the  south  coast  of  Sicily, 
the  ground  gradually  sunk  down  for  a  circumference  of  three  Italian 
miles,  during  seven  shocks ;  and,  in  one  place,  to  the  depth  of  thirty 
feet.  It  continued  to  subside  to  the  end  of  the  month.  Several  fissures 
sent  forth  sulphur,  petroleum,  steam,  and  hot  water,  and  a  stream  of 

*  CavaniUes,  Jotirn.  de  Pfays.  tome  zlix.  p.  2S0.     Gilbert's  Auialen,  bd.  Vi 
Humboldt's  Voy.  p.  817. 
j-  Humboldf  8  Voy.,  Relat  Hist.,  part  i.  p.  809. 
Z  Macgregor*8  Travels  in  America, 
g  Humboldt's  Voj.,  Relat  Hist,  part  ii.  p.  682. 
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mad,  which  flowed  for  two  hours,  and  covered  a  space  sixty  feet  long 
and  thirty  hroad.  This  happened  far  from  both  the  ancient  and  modem 
Tolcanie  district,  in  a  group  of  strata  consisting  chiefly  of  blue  clay.* 

Java,  1786. — ^About  the  year  1786,  an  earthquake  was  felt  at  inter- 
vals, for  the  period  of  four  months,  in  the  neighborhood  of  Batur,  in 
Java,  and  an  eruption  followed.  Various  rents  were  formed,  which 
emitted  a  sulphurous  vapor;  separate  tracts  sunk  away,  and  were 
swallowed  by  the  earth.  Into  one  of  these  the  rivulet  Dotc^  entered, 
and  afterwards  continued  to  follow  a  subterraneous  course.  The  village 
of  Jampang  was  buried  in  the  ground,  with  thirty-eight  of  its  inhabit- 
ants, who  had  not  time  to  escape.  We  are  indebted  to  Dr.  Horsfield 
for  having  verified  the  above-mentioned  facts.f 
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Earthquake  in  Oalabria,  February  6, 1788 — Shocks  ooDtinaed  to  the  end  of  the 
year  1786— Aathorities — ^Area  oonvnUed — Geological  Btructure  of  the  district 
— ^Difficalty  of  ascertaining  changes  of  leyel — Subs'denoe  of  the  quay  at  Messi. 
na — Movement  in  the  stones  of  two  obelisks — Shift  or  fault  in  the  Round  Tower 
of  Terranuova — Opening  and  dosing  of  fissures — ^Large  edifices  engulfed — 
Dimensions  of  new  caverns  and  fissures — Gradual  closing  in  of  rents — ^Bounding 
of  detached  masses  into  the  air— Landslips— Buildings  transported  entire  to 
great  distances— New  lakea— Funnel-shaped  hollows  in  alluvial  plains — Cur- 
rents of  mud— Fall  of  diffi^  and  shore  near  SciHa  inundated— State  of  Strom- 
boli  and  Etna  during  the  shocks— How  earthquakes  contribute  to  the  formation 
of  valleys— Condnding  remarks. 

Calahria,  1788. — Of  the  namerous  earthquakes  which  have  occurred 
in  dififerent  parts  of  the  globe,  during  the  last  100  years,  that  of  Cala- 
bria, in  1783,  is  almost  the  on]y  one  of  which  the  geologist  can  be  said 
to  have  such  a  circumstantial  account  as  to  enable  him  fully  to  appre- 
ciate the  changes  which  this  cause  is  capable  of  producing  in  the  Upse 
of  ages.  The  shocks  began  in  February,  1783,  and  lasted  for  nearly 
four  years,  to  the  end  of  1786.  Neither  in  duration,  nor  in  yiolence, 
nor  m  the  extent  of  territory  moved,  was  this  convulsion  remarkable, 
when  contrasted  with  many  experienced  in  other  countries,  both  during 
the  last  and  present  century ;  nor  were  the  alterations  which  it  occa- 
sioned in  the  relative  level  of  hill  and  valley,  land  and  sea,  so  great  as 
those  effected  by  some  subterranean  movements  in  South  America,  in 
later  times.  The  importance  of  the  earthquake  in  question  arises  from 
the  circumstance,  that  Calabria  is  the  only  spot  hitherto  visited,  both 

•  Ferrara,  Oanin.  fl.,  p.  61.  f  Batav.  Trans.  voL  viiL  p.  141. 
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during  and  after  the  convulsions,  by  men  possesdng  sufficient  leisure, 
zeal,  and  scientific  information,  to  enable  them  to  collect  and  describe 
with  accuracy  the  physical  facts  which  throw  light  on  geological  ques- 
tions. 

Authorities, — ^Among  the  numerous  authorities,  ViTenzio,  physician 
to  the  king  of  Naples,  transmitted  to  the  court  a  regular  statement  of 
his  observations  during  the  continuance  of  the  shocks ;  and  his  narra- 
tive is  drawn  up  with  care  and  clearqess.*  Francesco  Antonio  Gri- 
maldi,  then  secretary  of  war,  visited  the  different  provinces  at  the  king's 
command,  and  published  a  most  detailed  description  of  the  permanent 
changes  in  the  surface.f    He  measured  the  length,  breadth,  and  depth 


Fig.  48. 


of  the  different  fissures  and  gulfs  which  opened,  and  ascertained  thdr 
number  in  many  provinces.  His  comments,  moreover,  on  the  reports  of 
the  inhabitants,  and  his  explanations  of  their  relations,  are  judicious  and 
instructive.  Pignataro,  a  physician  residing  at  Monteleone,  a  town 
placed  in  the  very  centre  of  the  convulsions,  kept  a  register  of  the 
shocks,  distinguishing  them  into  four  classes,  according  to  their  degree 
of  violence.  From  his  work,  it  appears  that,  in  the  year  1783,  the 
number  was  949,  of  which  501  were  shocks  of  the  first  degree  of  force ; 


*  Istoria  de'  Tremnoii  delU  Calabria  del  1788. 

f  Descriz.  de'  Tremuoti  Aocad.  nelle  Calabria  nel  1788.    Napoli,  1784 
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and  in  the  following  year  there  were  151,  of  which  98  were  of  the  first 
magnitude. 

Count  Ippolito,  also,  and  many  others,  wrote  descriptions  of  the 
earthquake ;  and  the  Royal  Academy  of  Naples,  not  satisfied  with  these 
and  other  observations,  sent  a  deputation  from  their  own  body  into  Cala- 
bria, before  the  shocks  had  ceased,  who  were  accompanied  by  artists  in- 
structed to  illustrate  by  drawings  the  physical  changes  of  the  district, 
and  the  state  of  ruined  towns  and.  edifices.  Unfortunately  these  artists 
were  not  very  successful  in  their  representations  of  the  condition  of  the 
country,  particularly  when  they  attempted  to  express,  on  a  large  scale, 
the  extraordinary  revolutions  which  many  of  the  great  and  minor  river- 
courses  underwent.  But  many  of  the  plates  published  by  the  Academy 
are  valuable ;  and  as  they  are  little  known,  I  shall  frequently  avail  my- 
self of  them  to  illustrate  the  facts  about  to  be  described.* 

In  addition  to  these  Neapolitan  sources  of  information,  our  country- 
man. Sir  William  Hamilton,  surveyed  the  district,  not  without  some 
personal  risk,  before  the  shocks  had  ceased  ;  and  his  sketch,  published 
in  the  Philosophical  Transactions,  supplies  many  facts  that  would  other- 
wise have  been  lost.  He  has  explained,  in  a  rational  manner,  many 
events  which,  as  related  in  the  language  of  some  eye-witnesses,  appeared 
marvellous  and  incredible.  Dolomieu  also  examined  Calabria  during 
the  catastrophe,  and  wrote  an  account  of  the  earthquake,  correcting  a 
mistake  into  which  Hamilton  had  fallen,  who  supposed  that  a  part  of 
the  tract  shaken  had  consisted  of  volcanic  tuE  It  is,  indeed,  a  circum- 
stance which  enhances  the  geological  interest  of  the  commotions  which 
so  often  modify  the  surface  of  Calabria,  that  they  are  confined  to  a 
country  where  there  are  neither  ancient  nor  modem  rocks  of  volcanic 
or  trappean  origin ;  so  that  at  some  future  time,  when  the  era  of  dis- 
turbance shall  have  passed  by,  the  cause  of  former  revolutions  will  be 
as  latent  as  in  parts  of  Great  Britain  now  occupied  exclusively  by  ancient 
marine  formations. 

Extent  of  the  area  convulsed. — The  convulsion  of  the  earth,  sea,  and 
BIT  extended  over  the  whole  of  Calabria  Ultra,  the  southeast  part  of 
Calabria  Citra,  and  across  the  sea  to  Messina  and  its  environs ;  a  district 
lying  between  the  88th  and  d9th  degrees  of  latitude.  The  concussion 
was  perceptible  over  a  great  part  of  Sicily,  and  as  far  north  as  Naples ; 
but  tiie  surface  over  which  the  shocks  acted  so  forcibly  as  to  excite 
mtense  alarm  did  not  generally  exceed  500  square  miles  in  area.  The 
soil  of  that  part  of  Calabria  is  composed  chiefly,  like  the  southern  part 
of  Sicily,  of  calcareo-argillaceous  strata  of  great  thickness,  containing 
marine  shells.  This  clay  is  sometimes  associated  with  beds  of  sand  and 
limestone.  For  the  most  part  these  formations  resemble  in  appearance 
and  consistency  the  Subapennine  marls,  with  their  accompanying  sands 
and  sandstones ;  and  the  whole  group  bears  considerable  resemblance, 

•  Istoria  de'  Fenomeni  del  Tremoto^  Ao,  nell'  Aa  1783,  porta  in  luce  dalla  Real. 
Accad.,  &e,  di  Nap.    Napoli,  1783,  foL 
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ID  tbe  yiddiDg  nature  of  its  materials,  to  most  of  our  tertiary  deponts 
in  France  and  England.  Chronologically  conudered,  however,  the  Oala- 
farian  formations  are  comparatively  of  modem  date,  often  abounding  in 
fossil  shells  referable  to  species  now  living  in  the  Mediterranean. 

We  leam  from  Vivencio^  that  on  the  20th  and  2dth  of  March,  I'^SS^ 
earthquakes  occurred  in  the  islands  of  Zante,  Cephalonia,  and  SL  Maura ; 
and  in  the  last-mentioned. island  several  public  edifices  and  private 
houses  were  overthrown,  and  many  people  destroyed. 

If  the  city  of  Oppido^  in  Oalabria  Ultra,  be  taken  as  a  centre,  and 
round  that  centre  a  circle  be  described,  with  a  radhis  of  twenty-two 
miles,  this  space  will  comprehend  the  surface  of  the  country  which 
sufiered  the  greatest  alteration,  and  where  all  the  towns  and  tillages 
were  destroyed.  The  first  shock,  of  February  6th,  1783,  threw  down, 
in  two  minutes,  the  greater  part  of  the  houses  in  all  the  cities,  towns, 
and  villages,  from  the  western  flanks  of  the  Apennines  in  Calabria  Ultra 
to  Messina  in  Sicily,  and  convulsed  the  whole  surface  of  the  country. 
Another  occurred  on  the  28th  of  March,  with  almost  equal  violence. 
The  granitic  chain  which  passes  through  Calabria  from  north  to  south, 
and  attains  the  height  of  many  thousand  feet,  was  shaken  but  slightly 
by  the  first  shock,  but  more  rudely  by  some  which  followed. 

Some  writers  have  anerted  that  the  wave-like  movements  which 
were  propagated  through  the  recent  strata,  from  west  to  east,  became 
very  violent  when  they  reached  the  point  of  junction  with  the  granitei, 
as  if  a  reaction  was  produced  where  the  undulatory  movement  of  the 
soft  strata  was  suddenly  arrested  by  the  more  solid  rocks.  But  the 
statement  <^  Dolomieu  on  this  subject  is  most  interesting,  and  perhaps, 
in  a  geological  point  of  view,  the  most  important  of  all  the  observations 
which  are  recorded.*  The  Apennines,  he  says,  which  consist  in  great 
part  of  hard  and  solid  granite,  with  some  micaceous  and  argillaceous 
schists,  form  bare  mountains  with  steep  sides,  and  exhibit  marks  of 
great  degradation.  At  their  base  newer  strata  are  seen  of  sand  and 
clay,  mingled  with  shells ;  a  marine  deposit  containing  such  ingredients 
as  would  result  from  the  decomposition  of  granite.  The  surface  of  this 
newer  (tertiary)  formation  constitutes  what  is  called  the  plain  of  Cala- 
bria— a  platform  which  is  flat  and  level,  except  where  intersected  by 
narrow  valleys  or  ravines,  which  rivers  and  torrents  have  excavated 
sometimes  to  the  depth  of  six  hundred  feet.  The  sides  of  these  ravines 
are  almost  perpendicular ;  for  the  superior  stratum,  heang  bound  to- 
gether by  tbe  roots  of  trees,  prevents  the  formation  of  a  sloping  bank. 
The  usual  effect  of  the  earthquake,  he  continues,  was  to  disconnect  all 
those  masses  which  either  had  not  sufficient  bases  for  their  bulk,  or 
which  was  supported  only  by  lateral  adherence.  Hence  it  follows  that 
throughout  almost  the  whole  length  of  the  cham,  the  soil  which  adhered 
to  the  granite  at  the  base  of  the  mount^ns  Caulone,  Esope,  Sagra,  and 

*  BiBiertatioii  od  tbe  Calabrisn  Earthquake,  Ao,  tranalated  in  Pinkertoo^ 
Voyages  and  TraveU,  toL  t. 
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Aspramonte,  slid  orer  the  solid  aad  steeply  inclined  nucleus,  and  de- 
scended somewhat  lower,  leaving  almost  uninterrnptedlj  from  St 
George  to  beyond  St.  Christina,  a  distance  of  from  nine  to  ten  miles,  a 
chasm  between  the  solid  graaitio  nucleus  and  the  sandy  sml.  Many 
lands  slipping  thus  were  carried  to  a  considerable  distance  from  their 
former  position,  so  as  entirely  to  cover  others ;  and  disputes  arose  as  to 
whom  the  property  which  had  thus  shifted  its  place  should  belong. 

From  this  account  of  Dolomieu  we  might  anticipate,  as  the  result  of  a 
continuance  of  such  earthquakes,  first,  a  longitudinal  valley  following  the 
line  of  junction  of  the  older  and  newer  rocks ;  secondly,  greater  disturb- 
ance in  the  newer  strata  near  the  point  of  contact  than  at  a  greater  dis- 
tance from  the  mountains ;  phenomena  very  common  in  other  parts  of 
Italy  at  the  junction  of  the  Apennine  and  Sabapennine  formations. 

Mr.  Mallet,  in  his  valuable  essay  on  the  Dynamics  of  Earthquakes,* 
offers  the  following  explanation  of  the  fact  to  which  Dolomieu  has  called 
attention.  When  a  wave  of  elastic  compression,  of  which  he  considers 
the  earth- wave  to  consist,  passes  abruptly  from  a  body  having  an  ex- 
tremely low  elasticity,  such  as  clay  and  gravel,  into  another  like  granite, 
whose  elasticity  is  remarkably  high,  it  changes  not  only  Its  velocity  but 
in  part  also  its  course,  a  portion  being  reflected  and  a  portion  refracted. 
The  wave  being  thus  sent  back  agmn  produces  a  shock  in  the  opposite 
direction,  doing  great  damage  to  buildings  on  the  surface  by  thus  re- 
turning upon  itself.  At  the  same  time,  the  shocks  are  at  once  eased 
when  they  get  into  the  more  elastic  materials  of  the  granitic  mountains. 

The  surface  of  the  country  during  the  Calabrian  earthquakes  often 
heaved  like  the  bDlows  of  a  swelling  sea,  which  produced  a  swimming 
in  the  head,  like  sea-sickness.  It  is  particularly  stated,  m  almost  all  the 
accounts,  that  just  before  each  shock  the  clouds  appeared  motionless ; 
and,  although  no  explanation  is  offered  of  this  phenomenon,  it  is  obvi- 
ously the  same  as  that  observed  in  a  ship  at  sea  when  it  pitches  violently. 
The  clouds  seem  arrested  in  their  career  as  often  as  the  vessel  rises  in  a 
direction  contrary  to  their  course ;  so  that  the  Calabrians  must  hav^  ex- 
perienced precisely  the  same  motion  on  the  land. 

Trees,  supported  by  their  trunks,  sometimes  bent  during  the  shocks 
to  the  earth,  and  touched  it  with  their  tops.  This  is  mentioned  as  a 
well-known  fact  by  Dolomieu ;  and  he  assures  us  that  he  was  always 
on  his  guard  against  the  spirit  of  exaggeration  in  which  the  vulgar  are 
ever  ready  to  indulge  when  relating  these  wonderful  occurrences. 

It  is  impossible  to  suppose  that  these  waves,  which  are  described  in 
Italy  and  other  regions  of  earthquakes  as  passing  along  the  solid  surface 
of  the  earth  m  a  given  direction  like  a  billow  on  the  sea,  have  any  strict 
analogy  with  the  undulations  of  a  fluid.  They  are  doubtless  the  effects 
of  vibrations,  radiating  from  some  deep-seated  point,  each  of  which  on 
reachmg  the  surface  lifts  up  the  ground,  and  then  allows  it  again  to  sub- 
side.   As  the  distance  between  the  source  of  the  subterranean  move- 

•  IVooeed.  Roy.  Irish  Acad.  1846,  p.  26. 
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meat  and  the  surface  must  vary  according  to  the  outline  of  the  countnr, 
so  the  vibratory  jar  will  reach  different  points  in  succession. 

The  Academicians  relate  that  in  some  of  the  cities  of  Calabria  effects 
were  produced  seeming  to  indicate  a  whirling  or  vorticose  movement 
Thus,  for  example,  two  obelisks  (fig.  75  )  placed  at  the  extremities  of  a 

Fig.  78. 


BbiftB  In  the  stones  of  two  obeUeks  in  the  Oonrent  of  St  Brano. 

magnificent  fa9ade  in  the  convent  of  S.  Bruno,  in  a  small  town  called 
Stefano  del  Bosco,  were  observed  to  have  undergone  a  movement  of  a 
smgular  kind.  The  shock  which  agitated  the  building  is  described  as 
having  been  horizontal  and  vorticose.  The  pedestal  of  each  obelisk 
remained  in  its  original  place;  but  the  separate  stones  above  were 
turned  partially  round,  and  removed  sometimes  nine  inches  from  their 
position  without  falling. 

It  has  been  suggested  by  Mr.  Darwin  that  this  kind  of  displacement 
may  be  due  to  a  vibratory  rather  than  a  whirling  motion  ;*  and  more 
lately  Mr.  Mallet,  m  the  paper  already  cited,  has  offered  a  very  inge- 
nious solution  of  the  problem.  He  refers  the  twisting  simply  to  an  elastic 
wave,  which  has  moved  the  pedestal  forwards  and  back  again,  by  an 
alternate  horizontal  motion  within  narrow  limits,  and  he  has  succeeded 
in  showing  that  a  rectilinear  isofement  in  the  ground  may  have  sufficed 
to  cause  an  incumbent  body  to  turn  partially  round  upon  its  bed,  pro- 
vided a  certain  relation  exist  between  the  position  of  the  centre  of  gravity 
of  the  body  and  its  centre  of  adherenccf 

I  shall  now  consider,  in  the  first  place,  that  class  of  physical  changes 
produced  by  the  earthquake  which  are  connected  with  alterations  in  the 
relative  level  of  the  different  parts  of  the  land  ;  and  afterwards  describe 
those  which  are  more  immediately  connected  with  the  derangement  of 
the  regular  drainage  of  the  country,  and  where  the  force  of  running  water 
co-operated  with  that  of  the  earthquake. 

Difficulty  of  ascertaining  changes  of  level. — In  regard  to  alterations  of 

*  Journal  of  a  Naturalist,  p.  876,  and  ii.  ib.  808. 
f  Proceedings  Roj.  Irish  Acad  1846,  pp^  14-16. 
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relative  level,  none  of  the  accounts  establish  that  they  were  on  a  con- 
siderable scale ;  but  it  must  always  be  remembered  that,  in  proportion 
to  the  area  moved  is  the  difficulty  of  proving  that  the  general  level  has 
undergone  any  change,  unless  the  sea-coast  happens  to  have  participated 
in  the  principal  movement.  Even  then  it  is  often  impossible  to  deter- 
mine whether  an  elevation  or  depression  even  of  several  feet  has  occurred, 
because  there  is  nothing  to  attract  notice  in  a  band  of  shingle  and  sand 
of  unequal  breadth  above  the  level  of  the  sea  running  parallel  to  a  coast; 
such  bands  generally  marking  the  point  reached  by  the  waves  during 
spring  tides,  or  the  most  violent  tempests.  The  scientific  investigator 
has  not  sufficient  topographical  knowledge  to  discover  whether  the  ex- 
tent of  beach  has  diminished  or  increased ;  and  he  who  has  the  necessary 
local  information,  scarcely  ever  feels  any  interest  in  ascertaining  the 
amount  of  the  rise  or  fall  of  the  ground.  Add  to  this  the  great  diffi- 
culty of  making  correct  observations,  in  consequence  of  the  enormous 
waves  which  roll  in  upon  a  coast  during  an  earthquake,  and  efface  every 
landmark  near  the  shore. 

Subsidence  of  the  quay  at  Messina, — It  is  evidently  in  seaports  alone 
that  we  can  look  for  very  accurate  indications  of  slight  changes  of  level ; 
and  when  we  find  them,  we  may  presume  that  they  would  not  be  rare 
at  other  points,  if  equal  facilities  of  comparing  relative  altitudes  were 
afforded.  Grimaldi  states  (and  his  account  is  confirmed  by  Hamilton  and 
others),  that  at  Messina,  in  Sicily,  the  shore  was  rent ;  and  the  soil  along 
the  port,  which  before  the  shock  was  perfectly  level,  was  found  afterwards 
to  be  inclined  towards  the  sea, — ^the  sea  itself  near  the  "  Banchina"  be- 
coming deeper,  and  its  bottom  in  several  places  disordered.  The  quay 
also  sunk  down  about  fourteen  inches  below  the  level  of  the  sea,  and  the 
houses  in  its  vicinity  were  much  fissured.     (Phil.  Trans,  1783.) 

Among  various  proofs  of  partial  elevation  and  depression  in  the  inte- 
rior, the  Academicians  mention,  in  their  Survey,  that  the  ground  was 
sometimes  on  the  same  level  on  both  sides  of  new  ravines  and  fissures, 
but  sometimes  there  had  been  a  considerable  shifting,  either  by  the  up- 
heaving of  one  side,  or  the  subsidence  of  the  other.  Thus,  on  the  sides 
of  long  rents  in  the  territory  of  Soriano,  the  stratified  masses  had  altered 
their  relative  position  to  the  extent  of  from  eight  to  fourteen  palms  (six 
to  ten  and  a  half  feet). 

Polistena, — Similar  shifts  in  the  strata  are  alluded  to  in  the  territory 
of  Polistena,  where  there  appeared  innumerable  fissures  in  the  earth. 
One  of  these  was  of  great  length  and  depth ;  and  in  parts  the  level  of 
the  corresponding  sides  was  greatly  changed.     (See  fig.  76.) 

Terranuova, — In  the  town  of  Terranuova  some  houses  were  seen  up- 
lifted above  the  common  level,  and  others  adjoining  sunk  down  into  the 
earth.  In  several  streets  the  soil  appeared  thrust  up,  and  abutted 
against  the  walls  of  houses :  a  large  circular  tower  of  solid  masonry, 
part  of  which  had  withstood  the  general  destruction,  was  divided  by  a 
vertical  rent,  and  one  side  was  upraised,  and  the  foundations  heaved  out 
of  the  ground.     It  was  compared  by  the  Academicians  to  a  great  tooth 
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half  extracted  from  the  alveolus,  with  the  upper  part  of  the  fangs  ex- 
posed.    (See  fig.  77.) 

Along  the  line  of  this  shift,  or  "  fault,"  as  it  would  be  termed  techni- 
cally by  miners,  the  walls  were  found  to  adhere  firmly  to  each  other,  and 
to  fit  so  well,  that  the  only  signs  of  their  having  been  disunited  was  the 
want  of  correspondence  in  the  courses  of  stone  on  cither  side  of  the  rent. 


Fl».7T. 


:?/^p^.i^' 


Shift  or  **flrair  In  the  Bound  Tower  of  Terranuova  In  (hlabrla,  occasioned  by  the  earth  qoake  of 

1T8& 

Dolomteu  saw  a  stone  well  in  the  convent  of  the  Augustins  at  Terra- 
nuovA,  which  had  the  appearance  of  having  been  driven  out  of  the  earth. 
It  resembled  a  small  tower  eight  or  nine  feet  in  height,  and  a  little  in- 
chned.  This  effect,  he  says,  was  produced  by  the  consolidation  and 
consequent  sinking  of  the  sandy  soil  m  which  the  well  was  dug. 
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In  some  walls  which  had  been  thrown  down,  or  violently  shaken,  in 
Monteleone,  the  separate  stones  were  parted  from  the  mortar,  so  as  to 
leave  an  exact  mould  where  they  had  rested ;  whereas  in  other  cases 
the  mcnrtar  was  ground  to  dust  between  the  stones. 

It  appears  that  the  wave-like  motions  often  produced  efifects  of  the 
most  capricious  kind.  Thus,  in  some  streets  of  Montelcone,  every  house 
was  thrown  down  but  one ;  in  others,  all  but  two ;  and  the  buildings 
which  were  spared  were  often  scarcely  in  the  least  degree  injured.  In 
many  cities  of  Calabria,  all  the  most  solid  buildings  were  thrown  down, 
while  those  which  were  slightly  built  escaped ;  but  at  Rosarno,  as  also 
at  Messina  in  Sicily,  it  was  precisely  the  reverse,  the  massive  edifices 
being  the  only  ones  that  stood. 

fissures. — It  appears  evident  that  a  great  part  of  the  rending  and 
fissuring  of  the  ground  was  the  effect  of  a  violent  motion  from  below 
upwards;  and  in  a  multitude  of  cases  where  the  rents  and  chasms 
opened  and  closed  alternately,  we  must  suppose  that  the  earth  was  by 
turns  heaved  up,  and  then  let  fall  ag^in.*  We  may  conceive  the  same 
effect  to  be  produced  on  a  small  scale,  if,  by  some  mechanical  force,  a 
pavement  composed  of  large  flags  of  stone  should  be  raised  up,  and 
then  allowed  to  fall  suddenly,  so  as  to  resimie  its  original  position.  If 
any  small  pebbles  happened  to  be  lying  on  the  line  of  contact  of  two 
flags,  they  would  fall  into  the  opening  when  the  pavement  rose,  and  be 
swallowed  up,  so  that  no  trace  of  them  would  appear  after  the  subn- 
dence  of  the  stones.  In  the  same  manner,  when  the  earth  was  up- 
heaved, large  houses,  trees,  cattle,  and  men  were  engulfed  in  an  instant 
in  chasms  and  fissures ;  and  when  the  ground  sank  down  again,  the 
earth  closed  upon  them,  so  that  no  vestige  of  them  was  discoverable 
on  the  surface.  In  many  instances,  individuals  were  swallowed  up  by 
one  shock,  and  then  thrown  out  again  alive,  together  with  large  jets  of 
water,  by  the  shock  wluch  immediately  succeeded. 

Fig.  78. 


Flceons  nev  Jeroctfne»  in  Galabrta,  csoMd  by  the  eutbqnak*  of  ITsa 
•  See  Mr.  Mallet'a  ftttempt  to  controvert  this  view,  p.  82  ibid. 
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At  Jerocarne,  a  country  which,  according  to  the  Acadenucians,  was 
lacerated  in  a  most  extraordinary  manner,  the  fissures  ran  in  every  direc- 
tion, **  like  cracks  on  a  broken  pane  of  glass"  (see  fig.  78) ;  and  as  a 
great  portion  of  them  remained  open  after  the  shocks,  it  is  very  possible 
that  this  country  was  permanently  upraised.  It  was  usual,  as  we  learn 
from  Dolomieu,  for  the  chasms  and  fissures  throughout  Calabria,  to  run 
parallel  to  the  course  of  some  pre-existing  gorges  in  their  neighborhood. 

ITouses  engulfed, — In  the  vicinity  of  Oppido,  the  central  point  from 
which  the  earthquake  diffused  its  violent  movements,  many  houses  were 
swallowed  up  by  the  yawning  earth,  which  closed  immediately  over 
them.  In  the  adjacent  district,  also,  of  Cannamaria  four  farm-houses, 
several  oil-stores,  and  some  spacious  dwelling-houses  were  so  completely 
engulfed  m  one  chasm,  that  not  a  vestige  of  them  was  afterwards  dis- 
cernible. The  same  phenomena  occurred  at  Terranuova,  S.  Christina, 
and  Sinopoli.  The  Academicians  state  particularly,  that  when  deep 
abysses  had  opened  in  the  argillaceous  strata  of  Terranuova,  and  houses 
had  sunk  into  them,  the  sides  of  the  chasms  closed  with  such  violence, 
that,  on  excavating  afterwards  to  recover  articles  of  value,  the  workmen 
found  the  contents  and  detached  parts  of  the  buildings  jammed  together 
so  as  to  become  one  compact  mass.  It  is  unnecessary  to  accumulate  ex* 
amples  of  similar  occurrences ;  but  so  many  are  well  authenticated  during 
this  earthquake  m  Calabria,  that  we  may,  without  hesitation,  yield  assent 
to  the  accounts  of  catastrophes  of  the  same  kind  repeated  again  and 
again  in  history,  where  whole  towns  are  declared  to  have  been  engulfed, 
and  nothing  but  a  pool  of  water  or  tract  of  sand  left  in  their  place. 

Chasm  formed  near  Oppido. — On  the  slopmg  side  of  a  hill  near 
Oppido  a  great  chasm  opened ;  and,  although  a  large  quantity  of  soil 
was  precipitated  into  the  abyss,  together  with  a  considerable  number 
of  olive-trees  and  part  of  a  vineyard,  a  great  gulf  remained  after  the 
shock,  in  the  form  of  an  amphitheatre,  500  feet  long  and  200  feet  deep. 
(See  fig.  19.) 

Fig.  79. 
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Dimensions  of  new  fissures  and  chasms. — According  to  Grimaldi, 
many  fissures  and  chasms,  formed  by  the  first  shock  of  February  5th» 
were  greatly  widened,  lengthened,  and  deepened  by  the  violent  convul- 
sions of  March  28th.  In  the  territory  of  San  Fili  this  observer  found  a 
new  ravine,  half  a  mile  in  length,  two  feet  and  h  half  broad,  and  twenty- 
five  feet  deep ;  and  another  of  similar  dimensions  in  the  territory  of 
Bosamo.  A  ravine  nearly  a  mile  long,  105  feet  broad  and  thirty  feet 
deep,  opened  in  the  district  of  Plaisano,  where,  also,  two  gulfs  were 
caused— one  in  a  place  called  Cerzulle,  three-quarters  of  a  mile  long, 
150  feet  broad,  and  above  orie  hundred  feet  deep  ;  and  another  at  La 
Fortuna,  nearly  a  quarter  of  a  mile  long,  above  thirty  feet  in  breadth, 
and  no  less  than  225  feet  deep. 

In  the  district  of  Fosolano  three  gulfs  opened :  one  of  these  meas- 
ured 800  feet  square,  and  above  thirty  feet  deep ;  another  was  nearly 
half  a  mile  long,  fifteen  feet  broad>  and  above  thirty-feet  deep ;  the 
third  was  750  feet  square.  Lastly,  a  calcareous  mountain,  called 
Zefirio,  at  the  southern  extremity  of  the  Italian  peninsula,  was  cleft  in 
two  for  the  length  of  nearly  half  a  mile,  and  an  irregular  breadth  of 
many  feet  Some  of  these  chasms  were  in  the  form  of  a  crescent. 
The  annexed  cut  (fig.  80)  represents  one  by  no  means  remarkable  for 

Tig.  80. 
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its  dimensions,  which  remained  open  by  the  side  of  a  small  pass  over 
the  hill  of  St  Angelo,  near  Soriano.  The  small  river  Mesima  is  seen 
in  the  foreground. 

Formation  of  circular  hollows  and  new  lakes, — In  the  report  of  the 
Academy,  we  find  that  some  plfdns  were  covered  with  circular  hollows, 
for  the  most  part  about  the  size  of  carriage- wheels,  but  often  somewhat 
larger  or  smaller.  When  filled  with  water  to  within  a  foot  or  two  erf 
the  surface,  they  appeared  like  wells  ;  but,  in  general,  they  were  filled 
with  dry  sand,  sometimes  with  a  concave  surface,  and  at  other  times 
convex.   (See  ^.  81.)   On  digging  down,  they  found  them  to  be  funpf^- 
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bhaped,  and  the  moist  loose  sand  in  the  centre  marked  the  tube  up 
which  the  water  spouted.  The  annexed  cut  (6g.  82)  represents  a  sec- 
tion of  one  of  these  inverted  cones  when  the  water  had  disappeared,  and 
nothing  but  dry  micaceous  sand  remained. 

Fig.  82. 


Section  of  one  of  the  drcolar  hollows  formed  in  the  plain  of  Booamob 

A  small  circular  pond  of  similar  character  was  formed  not  far  from 
Polistena  (see  ^g,  83) ;  and  in  the  vicinity  of  Seminara,  a  lake  was  sud- 
denly caused  by  the  opening  of  a  great  chasm,  from  the  bottom  of  which 
water  issued.  This  lake  was  called  Lago  del  Tolfilo.  It  extended  1785 
feet  in  length,  by  937  in  breadth,  and  52  in  depth.  The  inhabitants, 
dreading  the  miasma  of  this  stagnant  pool,  endeavored,  at  great  cost,  to 
drain  it  by  canals,  but  without  success,  as  it  was  fed  by  springs  issuing 
from  the  bottom  of  the  de6p  chasm. 

Vivenao  states,  that  near  Sitizzano  a  valley  was  nearly  filled  up  to  a 
level  with  the  high  grounds  on  each  side,  by  the  enormous  masses  de- 
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tached  from  the  boundary  hills,  and.  cast  down  into  the  course  of  two 
streams.  By  this  barrier  a  lake  was  formed  of  great  depth,  about  two 
miles  long  and  a  mile  bmad.  The  same  author  mentions  that^  upon  the 
whole,  there  were  fifty  lakes  occasioned  during  the  convuLsions :  and  he 
assigns  localities  to  all  of  these.  The  government  surveyors  enumerated 
215  lakes ;  but  they  included  in  this  number  many  small  ponds. 

Canes  of  sand  throvm  up.— Many  of  the  appearances  exhibited  in  the 
alluvial  plains,  such  as  springs  spouting  up  Uieir  water  like  fountains  at 
the  moment  of  the  shock,  have  been  supposed  to  indicate  the  alternate 
rising  and  sinking  of  the  ground.  The  first  effect  of  the  more  violent 
shocks  was  usually  to  dry  up  the  rivers,  but  they  immediately  afterwards 
overflowed  their  banks.  In  marshy  places,  an  immense  number  of  cones 
of  sand  were  thrown  up.  These  appearances  Hamilton  explains,  by 
supposing  that  the  first  movement  raised  the  fissured  plain  from  below 
upwards,  sq  that  the  rivers  and  stagnant  waters  in  bogs  sank  down,  or 
at  least  were  not  upraised  with  the  soil.  But  when  the  ground  returned 
with  violence  to  its  former  position,  the  water  was  thrown  up  in  jets 
through  fissures.* 

The  phenomenon,  Hccordmg  to  Mn  Mallet,  maybe  simply  an  accident 
contingent  on  the  principal  cause  of  disturbance,  the  rapid  transit  of  the 
earth- w^ve.  '*  The  sources/'  he  says,  "  of  copious  springs  usually  lie  in 
flat  plates  or  fissures  filled  with  water,  whether  issuing  from  solid  rock, 
or  from  loose  materials ;  now,  if  a  vein,  or  thin  flat  cavity  filled  with 
water,  be  in  such  a  position  that  the  plane  of  the  plate  of  water  or  fis- 
sure be  transverse  to  the  line  of  transit  of  the  earth-wave,  the  effect  of 
the  arrival  of  the  earth- wave  at  the  watery  fissure  will  be,  at  the  instant, 
to  compress  its  walls  more  or  less  together,  and  so  squeeze  out  the  water, 
which  will,  for  a  moment,  gush  up  at  the  spring-head  like  a  fountain,  and 
again  remain  m  repose  after  the  transit  of  the  wave." 

Oradual  closing  iri  of  fissures. -^k  W.  Hamilton  was  shown  several 

♦  Phil.  Trans,  vol  lariii  p.  180. 
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deep  fissures  in  the  yicinity  of  Mileto,  which,  although  not  one  of  them 
was  above  a  foot  in  breadth,  had  opened  so  wide  during  the  earthquake 
as  to  swallow  an  ox  and  nearly  one  hundred  goats.  The  Academicians 
also  found,  on  their  return  through  districts  which  they  had  passed  at 
the  commencement  of  their  tour,  that  many  rents  had,  in  that  short 
interval,  gradually  closed  in,  so  that  their  width  had  diminished  several 
feet,  and  the  opposite  walls  had  sometimes  nearly  met.  It  is  natural 
that  this  should  happen  in  argillaceous  strata,  while,  in  more  solid  rocks, 
we  may  expect  that  fissures  will  remain  open  for  ages.  Should  this  be 
ascertained  to  be  a  general  fact  in  coimtries  convulsed  by  earthquakes, 
it  may  afford  a  satisfactory  explanation  of  a  common  phenomenon  in 
mineral  veins.  Such  veins  often  retain  their  fuU  size  so  long  as  the  rocks 
consist  of  limestone,  granite,  or  other  indurated  materials ;  but  they  con- 
tract their  dimensions,  become  mere  threads,  or  are  even  entirely  cut  off, 
where  masses  of  an  argillaceous  nature  are  interposed.  If  we  suppose 
the  filling  up  of  fissures  with  metallic  and  other  ingredients  to  be  a  pro- 
cess requiring  ages  for  its  completion,  it  is  obvious  that  the  opposite  walls 
of  rents,  where  strata  consist  of  yielding  materials,  must  collapse  or 
approach  very  near  to  each  other  before  sufficient  time  is  allowed  for  the 
accretion  of  a  large  quantity  of  veinstone. 

Thermal  waters  augmented. — It  is  stated  by  Grimaldi,  that  the  ther- 
mal waters  of  St.  Eufemia,  in  Terra  di  Amato,  which  first  burst  out  dur- 
ing the  earthquake  of  1638,  acquired,  in  February,  1783,  an  augmen- 
tation both  in  quantity  and  degree  of  heat.  This  fact  appears  to  indicate 
a  connection  between  the  heat  of  the  interior  and  the  fissures  caused  by 
the  Calabrian  earthquakes,  notwithstanding  the  absence  of  volcanic  rocks, 
either  ancient  or  modem,  in  that  district. 

Bounding  of  detached  masses  into  the  air, — ^The  violence  of  the  move- 
ment of  the  ground  upwards  was  singularly  illustrated  by  what  the 
Academicians  call  the  "  sbalzo,"  or  bounding  into  the  air,  to  the  height 
of  several  yards,  of  masses  slightly  adhering  to  the  surface.  In  some 
towns  a  great  part  of  the  pavement  stones  were  thrown  up,  and  found 
lying  with  their  lower  sides  uppermost.  In  these  cases,  we  must  sup- 
pose that  they  were  propelled  upwards  by  the  momentum  which  they 
had  acquired ;  and  that  Uie  adhesion  of  one  end  of  the  mass  being  greater 
than  that  of  the  other,  a  rotatory  motion  had  been  communicated  to  them. 
When  the  stone  was  projected  to  a  sufficient  height  to  perform  some- 
what more  than  a  quarter  of  a  revolution  in  the  mr,  it  pitched  down  on 
its  edge,  and  fell  with  its  lower  side  uppermost. 

Effects  of  earthquakes  on  the  excavations  of  valleys, — ^The  next  class 
of  effects  to  be  considered,  are  those  more  immediate^  connected  with 
the  formation  of  valleys,  in  which  the  action  of  water  was  often  combined 
with  that  of  the  earthquake.  The  country  agitated  was  composed,  as 
before  stated,  chiefly  of  argillaceous  strata,  intersected  by  deep  narrow 
valleys,  sometimes  from  600  to  600  feet  deep.  As  the  boundary  tlifis 
were  in  great  part  vertical,  it  will  readily  be  conceived  that,  amidst  the 
various  movements  of  the  earth,  the  precipices  overhanging  rivers,  bemg 
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without  support  on  one  side,  were  often  thrown  down.  We  find,  indeed, 
that  inundations  produced  bj  obstructions  in  river-courses  are  among 
the  most  disastrous  consequences  of  great  earthquakes  in  all  parts  of  the 
world,  for  the  alluvial  plains  in  the  bottoms  of  valleys  are  usually  the 
most  fertile  and  well-peopled  parts  of  the  whole  country ;  and  whether 
the  site  of  a  town  is  above  or  below  a  temporary  barrier  in  the  channel 
of  a  river,  it  is  exposed  to  injury  by  the  waters  either  of  a  lake  or  flood. 

Landslips, — ^From  each  side  of  the  deep  valley  or  ravine  of  Terra- 
nuova  enormous  masses  of  the  adjoining  flat  country  were  detached,  and 
cast  down  into  the  course  of  the  river,  so  as  to  give  rise  to  great  lakes. 
Oaks,  olive-trees,  vineyards,  and  corn,  were  often  seen  growing  at  the 
bottom  of  the  ravine,  as  little  injured  as  their  former  companions,  which 
still  continued  to  flourish  in  the  plain  above,  at  least  500  feet  higher, 
and  at  the  distance  of  about  three-quarters  of  a  mile.  In  one  part  of 
this  ravine  was  an  enormous  mass,  200  feet  high  and  about  400  feet  at 
its  base,  which  had  been  detached  by  some  former  earthquake.  It  is 
well  attested,  that  this  mass  travelled  down  the  ravine  nearly  four  miles, 
having  been  put  in  motion  by  the  earthquake  of  the  5th  of  February. 
Hamilton,  after  examining  the  spot,  declared  that  this  phenomenon 
might  be  accounted  for  by  the  declivity  of  the  valley,  the  great  abun- 
dance of  rain  which  fell,  and  the  great  weight  of  the  alluvial  matter 
which  pressed  behind  it.  Dolomieu  also  alludes  to  the  fresh  impulse 
derived  from  other  masses  falling,  and  pressing  upon  the  rear  of  those 
first  set  in  motion. 

The  first  account  sent  to  Naples  of  the  two  great  slides  or  landslips 
above  alluded  to,  which  caused  a  great  lake  near  Terranuova,  was 
couched  in  these  words  : — "  Two  mountains  on  the  opposite  sides  of  a 
valley  walked  from  their  original  position  until  they  met  in  the  middle 
of  the  plain,  and  there  joining  together,  they  intercepted  the  course  of 
a  river,"  <&c.  The  expressions  here  used  resemble  singularly  those 
applied  to  phenomena,  probably  very  anal(^ou8,  which  are  said  to  have 
occurred-  at  Fez,  during  the  great  Lisbon  earthquake,  as  also  in  Jamaica 
and  Java  at  other  periods. 

Not  far  from  Soriano,  which  was  levelled  to  the  ground  by  the  great 
shock  of  February,  a  small  valley,  containing  a  beautiful  olive-grove, 
called  Fra  Ramondo,  imderwent  a  most  extraordinary  revolution.  In- 
numerable fissures  first  traversed  the  river-plain  in  all  directions,  and 
absorbed  the  water  until  the  argillaceous  substratum  became  soaked,  so 
that  a  great  part  of  it  was  reduced  to  a  state  of  fluid  paste.  Strange 
alterations  in  the  outline  of  the  ground  were  the  consequence,  as  the 
soil  to  a  great  depth  was  easily  moulded  into  any  form.  In  addition  to 
this  change,  the  ruins  of  the  neighboring  hills  were  precipitated  into 
the  hollow;  and  while  many  olives  were  uprooted,  others  remained 
growing  on  the  fallen  masses,  and  inclined  at  various  angles  (see  ^.  84). 
The  small  river  Caridi  was  entirely  concealed  for  many  days ;  and  when 
at  length  it  reappeared,  it  had  shaped  for  itself  an  entirely  new  channel. 

Buildings  transported  entire  to  great  distances, — Near  Seminara  an 
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Fig.  84. 


Changes  of  the  sor&ce  at  Fra  Kamondo,  near  Soriano,  In  Calabria. 

8,  Town  of  Soriano. 


1,  Portion  of  a  hill  covered  with  olives  thrown  down. 

2,  New  bed  of  the  river  CaridL 


extensive  olive-ground  and  orchard  were  hui'led  to  a  distance  of  two 
hundred  feet,  into  a  valley  sixty  feet  in  depth.  At  the  same  time  a 
deep  chasm  was  riven  in  another  part  of  the  high  platform  from  which 
the  orchard  had  been  detached,  and  the  river  immediately  entered  the 
fissure,  leaving  its  former  bed  completely  dry.  .  A  small  inhabited 
house,  standing  on  the  mass  of  earth  carried  down  into  the  valley,  went 
along  with  it  entire,  and  without  injury  to  the  inhabitants.  The  olive- 
trees,  also,  continued  to  grow  on  the  land  which  had  slid  into  the  valley, 
and  bore  the  same  year  an  abundant  crop  of  fruit. 

Two  tracts  of  land  on  which  a  great  part  of  the  town  of  Polistena 
stood,  consisting  of  some  hundreds  of  houses,  were  detached  into  a  con- 
tiguous ravine,  and  nearly  across  it,  about  half  a  mile  from  their  original 
site ;  and  what  is  most  extraordinary,  several  of  the  inhabitants  were 
dug  out  from  the  ruins  alive  and  unhurt. 

Two  tenements,  near  Mileto,  called  the  Macini  and  Vaticano,  occu* 
pying  an  extent  of  ground  about  a  mile  long  and  half  a  mile  broad^ 
were  carried  for  a  mile  down  a  valley.  A  thatched  cottage,  together 
with  large  olive  and  mulberry  trees,  most  of  which  remained  erect»  were 
carried  uninjured  to  this  extraordinary  distance.  According  to  Hamil- 
ton, the  surface  removed  had  been  long  undermined  by  rivulets,  which 
were  afterwards  in  full  view  on  the  bare  spot  deserted  by  the  tenements. 
The  earthquake  seems  to  have  opened  a  passage  in  the  adjoining  argil- 
laceous hills,  which  admitted  water  charged  with  loose  soil  into  the 
subterranean  channels  of  the  rivulets  immediately  under  the  tenements, 
so  that  the  foundations  of  the  ground  set  in  motion  by  the  earthquake 
were  loosened.     Another  example  of  subsidence,  where  the  edifices 
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were  Dot  destroyed,  is  mentioned  by  Grimaldi,  as  having  taken  place  in 
the  city  of  Catanzaro,  the  capital  of  the  province  of  that  name.  The 
houses  in  the  quarter  called  San  Giuseppe  subsided  with  the  ground  to 
various  depths  from  two  to  four  feet,  but  the  buildings  remained  unin- 
jured. 

It  would  be  tedious,  and  our  space  would  not  permit  us,  to  follow  the 
diflferent  authors  throi^h  their  local  details  of  landslips  produced  in 
minor  valleys ;  but  they  are  highly  interestmg,  as  showing  to  how  great 
an  extent  the  power  of  rivers  to  widen  valleys,  and  to  carry  away  large 
portions  of  soil  towards  the  sea,  is  increased  where 'earthquakes  are  of 
periodical  occurrence.  Among  other  territories,  that  of  Cmquefrondi, 
was  greatly  convulsed,  various  portions  of  soil  being  raised  or  sunk,  and 
innumerable  fissures  traversing  the  country  in  all  directions  (see  fig.  85). 

Fig.8S. 


Landslips  near  Cinqnefrondif  caosod  by  the  carthquako  of  1788. 


Along  the  flanks  of  a  small  valley  in  this  district  there  appears  to  have 
been  an  almost  uninterrupted  line  of  landslips. 

Currents  of  mud, — Near  S.  Lucido,  among  other  places,  the  soil  is 
described  as  having  been  '*  dissolved,"  so  that  large  torrents  of  mud  in- 
undated all  the  low  grounds,  like  lava.  Just  emerging  from  this  mud, 
the  tops  only  of  trees  and  of  the  ruins  of  farm-houses  were  seen.  Two 
miles  from  Laureana,  the  swampy  soil  in  two  ravines  became  filled  with 
calcareous  matter,  which  oozed  out  from  the  ground  immediately  before 
the  first  great  shock.  This  mud,  rapidly  accumulating,  began,  ere  long, 
to  roll  onward,  like  a  flood  of  lava,  into  the  valley,  where  the  two  streams 
uniting,  moved  forward  with  increased  impetus  from  east  to  west.  It 
now  presented  a  breadth  of  225  feet  by  15  in  depth,  and,  before  it  ceased 
to  move,  covered  a  surface  equal  in  length  to  an  Italian  mile.  In  its 
progress  it  overwhelmed  a  flock  of  thirty  goats,  and  tore  up  by  the  roots 
many  olive  and  mulberry  trees,  which  floated  like  ships  upon  its  surface. 
When  this  calcareous  lava  had  ceased  to  move,  it  gradually  became  dry 
and  hard,  during  which  process  the  mass  was  lowered  seven  feet  and  a 
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half.  It  contained  fragments  of  earth  of  a  fermginous  color,  and  emit- 
ting a  sulphureous  smell. 

Fall  of  the  sea-cliffs. — Along  the  sea-coast  of  the  Straits  of  Mesona, 
near  the  celebrated  rock  of  Bcilla,  the  fall  of  huge  masses  detached  from 
the  bold  and  lofty  cliffs  overwhelmed  many  yillas  and  gardens.  At  Gian 
Greco,  a  continuous  line  of  cliff,  for  a  mile  in  length,  was  thrown  down« 
Great  agitation  was  frequently  observed  in  the  bed  of  the  sea  durii^ 
the  shocks,  and,  on  those  parts  of  the  coast  where  the  movement  was 
most  violent,  all  kinds  of  fish  were  taken  in  abundance,  and  with  unusual 
facility.  Some  rare  species,  as  that  called  Cicirelli,  which  usually  lie 
buried  in  the  sand,  were  taken  on  the  surface  of  the  waters  in  great 
quantity.  The  sea  is  said  to  have  boiled  up  near  Messina,  and  to  have 
been  agitated  as  if  by  a  copious  discharge  of  vapors  from  ts  bottom. 

Shore  near  Scilla  inundated, — ^The  prmce  of  Scilla  had  persuaded  a 
great  part  of  his  vassals  to  betake  themselves  to  their  fishing-boats  for 
safety,  and  he  himself  had  gone  on  board.  On  the  night  of  the  5th  of 
February,  when  some  of  the  people  were  sleeping  in  the  boats,  and  others 
on  a  level  plain  slightly  elevated  above  the  sea,  the  earth  rocked,  and 
suddenly  a  great  mass  was  torn  from  the  contiguous  Mount  Jaci,  and 
thrown  down  with  a  dreadful  crash  upon  the  plain.  Immediately  after- 
wards, the  sea,  rising  more  than  twenty  feet  above  the  level  of  this  low 
tract,  rolled  foaming  over  it,  and  swept  away  the  multitude.  It  then 
retreated,  but  soon  rushed  back  again  with  greater  violence,  bringing 
with  it  some  of  the  people  and  animals  it  had  carried  away.  At  the  same 
time  every  boat  was  sunk  or  dashed  against  the  beach,  and  some  of  them 
were. swept  far  inland.  The  aged  prince,  with  1430  of  his  people,  was 
destroyed. 

State  of  Stroniboli  and  Etna  during  the  shocks. — The  inhabitants  of 
Pizzo  remarked  that  on  the  5th  of  February,  1783,  when  the  first  great 
shock  afilicted  Calabria,  the  volcano  of  Stromboli,  which  is  in  full  view 
of  that  town,  and  at  the  distance  of  about  fifty  miles,  smoked  less,  and 
threw  up  a  less  quantity  of  inflamed  matter  than  it  had  done  for  some 
years  previously.  On  the  other  hand,  the  great  crater  of  Etna  is  said 
to  have  given  out  a  considerable  quantity  of  vapor  towards  the  begrin- 
ning,  and  Stromboli  towards  the  close,  of  the  commotions.  But  as  no 
eruption  happened  from  either  of  these  great  vents  during  the  whole 
earthquake,  the  sources  of  the  Caiabrian  convulsions,  and  of  the  volcanic 
fires  of  Etna  and  Stromboli,  appear  to  be  very  independent  of  each  other; 
unless,  indeed,  they  have  the  same  mutual  relation  as  Vesuvius  and  the 
volcanoes  of  the  Phlegraean  Fields  and  Ischia,  a  violent  disturbance  in 
one  district  serving  as  a  safety-valve  to  the  other,  and  both  never  heang 
in  full  activity  at  once. 

JSxcavaHon  of  valleys, — It  is  hnpossible  for  the  geologist  to  consider 
attentively  the  effect  of  this  single  earthquake  of  1783,  and  to  look  for- 
ward to  the  alterations  in  the  phjrsical  condition  of  the  country  to  which 
a  continued  series  of  such  movements  will  hereafter  give  rise,  without 
perceiving  that  the  formation  of  valleys  by  running  water  can  never  be 
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understood,  if  we  consider  the  question  independently  of  the  agency  of 
earthquakes.  It  must  not  be  imagined  that  rivers  only  begin  to  act  when 
a  country  is  already  elevated  far  above  the  level  of  the  sea,  for  then: 
action  must  of  necessity  be  most  powerful  while  land  is  rising  and  sink- 
ing  by  successive  movements.  Whether  Calabria  is  now  undergoing 
any  considerable  change  of  relative  level,  in  regard  to  the  sea,  or  is,  upon 
the  whole,  nearly  stationary,  is  a  question  which  our  observations,  con- 
fined almost  entirely  to  the  last  half  century,  cannot  posdbly  enable  us 
to  determine.  But  w$  know  that  strata,  containing  species  of  shells 
identical  with  those  now  living  in  the  contiguous  parts  of  the  Mediter- 
ranean, have  been  raised  in  that- country,  as  they  have  in  Sicily,  to  the 
height  of  several  thousand  feet. 

Now,  those  geologists  who  grant  that  the  present  course  of  Nature 
in  the  inanimate  world  haa  continued  the  same  since  the  existing  species 
of  animals  were  in  bemg,  will  not  feel  surprised  that  the  Calabrian  streams 
and  rivers  have  cut  out  of  such  comparatively  modem  strata  a  great  sys- 
tem of  valleys,  varying  in  depth  from  fifty  to  dbc  hundred  feet,  and  often 
several  miles  wide,  if*  they  consider  how  numerous  may  have  been  the 
shocks  which  accompanied  the  uplifting  of  those  recent  marine  strata  to 
so  prodigious  a  height.  Some  speculators,  indeed,  who  disregard  the 
analogy  of  existing  nature,  and  who  are  always  ready  to  assume  that  her 
forces  were  more  energetic  in  by-gone  ages,  may  dispense  with  a  long 
series  of  movements,  and  suppose  that  Calabria  *'  rose  like  an  exhalation" 
from  the  deep,  after  the  manner  of  Milton's  Pandemonium.  But  such 
an  hypothesis  would  deprive  them  of  that  peculiar  removing  force  re- 
quired to  form  a  regular  system  of  deep  and  wide  valleys ;  for  (tW, 
which  they  are  so  unwilling  to  assume,  is  essential  to  l^e  operation. 
Time  must  be  allowed  in  the  intervals  between  distinct  convulsions,  for 
running  water  to  clear  away  the  ruins  caused  by  landslips,  otherwise  the 
foUen  masses  will  serve  as  buttresses,  and  prevent  the  succeeding  earth- 
quake from  exerting  its  full  power.  The  sides  of  the  valley  must  be 
again  cut  away,  by  the  stream,  and  made  to  form  precipices  and  over- 
hanging cliffs,  before  the  next  shock  can  take  effect  in  the  same  manner. 

Possibly  the  direction  of  the  succeeding  shock  may  not  coincide  with 
that  of  the  valley,  a  great  extent  of  adjacent  country  being  equally 
shaken.  Still  it  will  usually  happen  that  no  permanent  geographical 
change  will  be  produced  except  in  valleys.  In  them  alone  will  occur 
landslips  from  the  boundary  clifis,  and  these  will  frequently  divert  the 
stream  from  its  accustomed  course,  causing  the  original  ravine  to  become 
both  wider  and  more  tortuous  in  its  direction. 

If  a  single  convulsion  of  extreme  violence  should  agitate  at  once  an 
entire  hydrographical  basin,  or  if  the  shocks  should  follow  each  other 
too  rapidly,  the  previously  ensting  valleys  would  be  annihilated,  instead 
of  being  modified  and  enlarged.  Every  stream  might  in  that  case  be 
compelled  to  begin  its  operations  anew,  and  to  shape  out  new  channels, 
instea^^  of  contmumg  to  deepen  and  widen  those  already  excavated.  But 
if  the  subterranean  movements  have  been  intermittent,  and  if  sufficient 
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periods  have  alwajs  tntoryeDed  betweei.  the  seyoper  ahocla  to  alloir  the 
dxainage  of  the  country  to  be  nearly  restored  to  its  original  state,  tbes 
are  both  the  kind  and  degree  of  force  supplied  by  wluch  nmnmg  water 
may  hollow  out  ralleya  of  any  depth  or  sise  consistent  with  the  elerfatioii 
above  the  sea  which  the  districts  drained  by  them  may  have  attained. 

When  we  read  of  the  drying  up  and  desertion  of  the  channels  of 
rivers,  the  accounts  most  frequently  refer  to  their  deflection  into  some 
other  part  of  the  same  alluvial  plain^.perhaps  several  miles  distant.  Under 
certain  circumstances  a  change  of  level  may  undoubtedly  force  the  water 
to  flow  over  into  some  distinct  bydrographical  basin ;  but  even  then  it 
will  fall  immediately  into  some  other  system  of  valleys  already  formed. 

We  learn  from  history  that,  ever  since  the  first  Ghreek  colonists  settled 
in  Calabria,  that  region  has  been  subject  to  devastation  by  earthquakes; 
and,  for  the  last  century  and  a  half,  ten  years  have  seldom  elapsed  with- 
out a  shock ;  but  the  severer  convulsions  have  not  only  been  separated 
by  intervals  of  twenty,  fifty,  or  one  hundred  years,  but  have  not  affected 
precisely  the  same  points  when  they  recurred.  Thus  the  earthquake  of 
1763,  fdthough  confined  within  the  same  geo^phical  limits  as  that  of 
1686,  and  not  very  inferior  in  violence,  visited,  according  to  Grimaldi, 
very  different  districts.  The  points  where  the  local  intensity  of  the 
force  is  developed  being  thus  perpetually  varied,  more  time  is  allowed 
for  the  removal  of  separate  mountain  masses  thrown  into  river-channels 
by  each  shock. 

Number  ofperBOM  who  perished  during  the  earlA^tfolv,-— The  number 
of  persons  who  perished  during  the  earthquake  mthe  two  Calabriasaad 
Sicily,  is  estimated  by  Hamilton  at  about  forty  thousand;  and  about 
twenty  thousand  more  died  by  epidemics,  which  weve  caused  by  insuf- 
ficient nourishment^  exposure  to  the  atmosphere,  and  malaria,  arising 
from  the  new  stagnant  lakes  and  pools. 

By  iiar  the  greater  number  were  buried  under  the  ruins  of  their  houses ; 
but  many  were  burnt  to  death  in  the  conflagrations  which  almost  in- 
variably followed  the  shocks.  These  fires  raged  the  more  violently  in 
some  cities,  such  as  Oppido,  from  the  immense  magarines  of  (h1  which 
were  consumed. 

Many  persons  were  engulfed  in  deep  fissures,  especially  the  peasants 
when  flying  across  the  open  country,  and  their  skeletons  may  perhaps 
be  buried  in  the  earth  to  this  day,  at  the  depth  of  several  hundred  feet. 

When  Dolomieu  visited  Measina  after  the  shock  of  Feb.  5th,  he  de- 
scribes the  city  as  still  presenting,  at  least  at  a  distance,  an  imperfect 
image  of  its  ancient  splendor.  Every  house  was  injured,  but  the  walls 
were  standing ;  the  whole  population  had  taken  refuge  in  wooden  huts 
in  the  neighborhood,  and  all  was  solitude  and  silence  in  the  streets :  it 
seemed  as  if  the  city  had  been  desolated  by  the  plague,  and  the  impres- 
non  made  upon  his  feelings  was  that  of  melancholy  and  sadness.  *<But 
when  I  passed  over  to  Calabria,  and  first  beheld  Polistena,  the  scene  of 
horror  almost  deprived  me  of  my  faculties ;  my  mind  was  filled  with 
mingled  compassbn  and  terror;  nothing  had  escaped;  all  was  leveUed 
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widi  the  dust;  not  a  single  house  or  peoe  of  wall  remfdned ;  oBalisides 
were  heaps  of  skme  so  destUute  of  form,  that  they  gave  no  oonceptioD 
of  there  ever  having  been  a  town  on  the  spot.  The  steneh  of  the  dead 
bodies  still  rose  from  the  ruins,  I  conversed  mih  many  pereons  who 
bad  been  buried  for  three,  four»  and  ev&a.  for  five  days ;  I  questioned 
them  respecting  their  sensations  in  so  dreadful  a  situation,  and  they 
agreed  that  of  all  the  physical  evils  they  endured,  thirst  was  the  most 
intolerable;  and  that  their  mental  agony  was  increased  by  the  idea  that 
they  were  abandoned  by  their  iiiends,  who  might  have  rendered  them 
zasastance,'** 

It  is  supposed  that  about  a  fourth  part  of  the  mhabitants  of  Polistenap 
and  of  some  other  towns,  were  buried  alive,  and  might  have  been  saved 
had  there  been  no  want  of  hands ;  but  in  so  general  a  calamity,  where 
each  was  occupied  with  his  own  misfortunes  or  those  of  his  family,  aid 
could  rarely  be  obtained.  Neither  tears,  nor  supplications,  nor  promises 
of  high  rewards  were  listened  to.  Many  acts  of  self-devotion,  prompted 
by  parental  and  conjugal  tenderness,  or  by  friendship,  or  the  gratitude 
of  faithful  servants,  are  recorded ;  but  individual  exertions  were,  for  the 
most  part,  ineflfectual.  It  frequently  happened,  that  persons  in  search 
of  those  most  dear  to  them  could  hear  their  moans,— -could  recognize 
iheir  voices-^were  .certain  of  the  exact  spot  where  they  lay  buried  be- 
neath their  feet,  yet  could  a£ford  them  no  succor.  The  piled  mass 
resisted  all  their  strength,  and  rendered  their  efforts  of  no  avail. 

At  Terranuova,  four  Augustia  monks,  who  had  taken  refuge  m  a 
yaulted  sacristy,  the  arch  of  which  continued  to  support  an  immense  pile 
of  ruins,  made  their  cries  heard  for  the  space  of  four  days.  One  only  of 
the  brethren  of  the  whole  convent  was  saved,  and  "  of  what  avail  was 
his  strength  to  remove  the  enormous  weight  of  rubbish  which  had  over- 
whelmed his  companions  ?"  He  heard  their  voices  die  away  graduaUy ; 
and  when  afterwards  their  four  corpses  were  disinterred,  they  were  found 
clasped  in  each  other's  arms.  Affecting  narratives  are  preserved  of 
mothers  saved  after  the  fifth,  sixth,  and  even  seventh  day  of  their  inter- 
meoi,  when  their  infants  or  children  had  perished  with  hunger. 

It  might  have  been  imagined  that  the  sight  of  sufferings  such  as  these 
would  have  been  sufficient  to  awaken  s^timents  of  humanity  and  pity  in 
the  most  savage  breasts ;  but  while  some  acts  of  heroism  are  related, 
nothing  could  exceed  the  general  atrocity  of  conduct  displayed  by  the 
Calabrian  peasants:  they  abandoned  the  farms,  and  flocked  in  great 
numbers  into  the  towns — ^not  to  rescue  their  countrymen  from  a  linger- 
ing death,  but  to  plunder.  They  dashed  through  the  streets,  fearless  of 
danger,  amid  tottering  walls  and  clouds  of  dust,  trampling  beneath  their 
feet  the  bodies  of  the  wounded  and  half-buried,  and  often  stripping  them, 
while  yet  living,  of  their  clothes.f 

Ccncludirig  remarks^ — ^But  to  enter  more  fully  into  these  details  would 
be  foreign  to  the  pnrpose  of  the  present  work,  and  several  volumes 

•  PinkertoD's  Voyages  and  Travels,  vol  v.  as  cited  ahove,  p.  466,  note. 
f  Dolomien,  ibid. 
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would  be  required  to  give  the  reader  a  just  idea  of  the  sufferings  which 
the  inhabitants  of  many  populous  districts  have  undergone  during  the 
earthquakes  of  the  last  150  years.  A  bare  mention  of  the  loss  of  life — 
as  that  fifty  or  a  hundred  thousand  souls  perished  in  one  catastrophe — 
conveys  to  the  reader  no  idea  of  the  extent  of  misery  inflicted :  we  must 
learn,  from  the  narratives  of  eye-witnesses,  the  various  forms  in  which 
death  was  encountered,  the  numbers  who  escaped  with  loss  of  limbs  or 
serious  bodily  injuries,  and  the  multitude  who  were  suddenly  reduced  to 
penury  and  want.  It  Las  been  often  remarked,  that  the  dread  of  earth- 
auakes  is  strongest  in  the  minds  of  those  who  have  experienced  them 
most  frequently ;  whereas,  in  the  case  of  almost  every  other  danger, 
familiarity  with  peril  renders  men  intrepid.  The  reason  is  obvious — 
scarcely  any  part  of  the  mischief  apprehended  in  this  instance  is  imagin- 
ary ;  the  first  shock  is  often  the  most  destructive ;  and,  as  it  may  occur 
in  the  dead  of  the  night,  or  if  by  day,  without  giving  the  least  warning 
of  its  approach,  no  forethought  can  guard  against  it ;  and  when  the  con- 
vulsion has  begun,  no  skill,  or  courage,  or  presence  of  nund,  can  pcnnt 
out  the  path  of  safety.  During  the  intervals,  of  uncertam  duration, 
between  the  more  fatal  shocks,  slight  tremors  of  the  soil  are  not  unfre- 
quent ;  and  as  these  sometimes  precede  more  violent  convulsions,  they 
become  a  source  of  anxiety  and  alarm.  The  terror  arising  from  thk 
cause  alone  is  of  itself  no  inconsiderable  evil. 

Although  sentiments  of  pure  religion  are  frequently  awakened  by  these 
awful  visitations,  yet  we  more  commonly  find  that  an  habitual  state  of 
fear,  a  sense  of  helplessness,  and  a  belief  in  the  futility  of  all  human  exer- 
tions, prepare  the  minds  of  the  vulgar  for  the  influence  of  a  demoralizing 
superstition. 

Where  earthquakes  are  frequent,  thei-e  can  never  be  perfect  security 
of  property  under  the  best  government ;  industry  cannot  be  assured  of 
reaping  the  fruits  of  its  labor ;  and  the  most  daring  acts  of  outrage  may 
occasionally  be  perpetrated  with  impunity,  when  the  arm  of  the  law  is 
paralysed  by  the  general  consternation.  It  is  hardly  necessary  to  add, 
that  the  progress  of  civilization  and  national  wealth  must  be  retarded  by 
convulsions  which  level  cities  to  the  ground,  destroy  harbors,  render 
roads  impassable,  and  cause  the  most  cultivated  valley-plains  to  be 
covered  with  lakes,  or  the  ruins  of  adjoining  hills. 

Those  geologists  who  imagine  that,  at  remote  periods  ere  man  became 
a  sojourner  on  earth,  the  volcanic  agency  was  more  energetic  than  now, 
should  be  careful  to  found  their  opinion  on  strict  geological  evidence,  and 
not  permit  themselves  to  be  biased,  as  they  have  often  been,  by  a 
notion,  that  the  disturbing  force  would  probably  bo  mitigated  for  the 
sake  of  man. 

I  shall  endeavor  to  point  out  in  the  sequel,  that  the  general  tendency 
of  subterranean  movements,  when  their  effects  are  considered  for  a  suffi- 
cient lapse  of  ages,  b  eminently  beneficial,  and  that  they  constitute  an 
essential  part  of  that  mechanism  by  which  the  integrity  of  the  habitable 
surface  is  preserved,  and  the  very  existence  and  perpetuation  of  dty  land 
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secured.  Why  the  working  of  this  same  machinery  should  be  attended 
with  so  much  evil,  is  a  mystery  far  beyond  the  reach  of  our  philosophy, 
and  must  probably  remain  so  until  we  are  permitted  to  investigate,  not 
our  planet  alone  and  its  inhabitants,  but  other  parts  of  the  moral  and 
material  universe  with  which  they  may  be  connected.  Could  our  sur- 
vey embrace  other  worlds,  and  the  events,  not  of  a  few  centuries  only, 
but  of  periods  as  indefinite  is  those  with  which  geology  renders  us 
familiar,  some  apparent  contradictions  might  be  recondled,  and  some 
difficulties  would  doubtless  be  cleared  up.  But  even  then,  as  our  capa- 
cities are  finite,  while  the  scheme  of  the  universe  may  be  infinite,  both 
in  time  and  space,  it  is  presumptuous  to  suppose  that  all  sources  of  doubt 
and  perplexity  would  ever  be  removed.  On  the  contrary,  they  might, 
perhaps,  go  on  augmenting  in  number,  although  our  confidence  in  the 
wisdom  of  the  plan  of  Nature  should  increase  at  the  same  time ;  for  it 
has  been  justly  said,  that  the  greater  the  circle  of  light,  the  greater  the 
boundary  of  darkness  by  which  it  is  surrounded.* 


CHAPTER  XXIX. 
EABTHQUAEE6 — Continued, 


Earthquake  of  Java,  1'712—TnuQGatioii  of  a  lofty  cone — St  Domingo,  1110 — Lia- 
boD,  1756— Great  area  over  which  the  shocks  extended — Retreat  of  the  sea- 
Proposed  explanations— Conception  Bay,  1760— Permanent  elevation— Peru, 
1746— Java,  1699 — Rivers  obstrnctedby  landslips — Subsidence  in  Sicily,  1698 
— ^Moluccas,  1698 — Jamaica,  1692 — Large  tracts  engulfed- Portion  of  Port 
Boyal  sunk — ^Amount  of  change  in  the  last  150  years — Elevation  and  subsidence 
of  land  in  Bay  of  Baiaa — Evidence  of  the  same  afforded  by  the  Temple  of 
Serapis. 

In  the  preceding  chapters  we  have  considered  a  small  part  only  of 
those  earthquakes  which  have  occurred  during  the  last  seventy  years, 
of  which  accurate  and  authentic  descriptions  happen  to  have  been  re- 
corded*. In  examining  those  of  earlier  date,  we  find  their  number  so  great 
that  allusion  can  be  made  to  a  few  only  respecting  which  information 
of  peculiar  geological  mterest  has  been  obtained. 

Java,  1772. — Truncation  of  a  lofty  cone. — In  the  year  1112,  Papan- 
dayang,  formerly  one  of  the  loftiest  volcanoes  in  the  island  of  Java,  was 
m  eruption.  Before  all  the  inhabitants  on  the  declivities  of  the  moun- 
tam  could  save  themselves  by  flight,  the  ground  began  to  give  way, 
and  a  great  part  of  the  volcano  fell  m  and  disappeared.  It  is  estimated 
that  an  extent  of  ground  of  the  mountain  itself  and  its  immediate  envi- 

*  Sir  H.  Davy's  Oonsolatioos  in  Travel,  p.  246. 
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rons,  fifteen  miles  long  and  full  six  broad,  was  hj  this  commotion  swal- 
lowed up  in  the  bowels  of  the  earth.  Forty  villages  were  destroyed, 
some  being  engulfed  and  some  covered  by  the  substances  thrown  out 
on  this  occasion^and  2957  of  the  inhabitants  perished.  A  proportionate 
number  of  catUe  were  also  killed,  and  most  of  the  plantations  of  oottoo, 
indigo,  and  coffee  in  the  adjacent  districts  were  buried  under  the  vol* 
canic  matter.  This  catastrophe  appears  to  have  res€cnbled,  although  on 
a  grander  soale,  that  of  the  ancient  Vesuvius  in  the  year  79.  The  cone 
was  reduced  in  height  from  9000  to  about  5000  feet ;  and,  as  vapors 
still  escape  from  the  crater  on  its  summit,  a  new  cone  may  one  day  rise 
out  of  the  ruins  of  the  ancient  mountain,  as  the  modem  VesuTius  has 
risen  from  the  remains  of  Somma.* 

St  Domingo,  1770. — ^During  a  tremendous  earthquake  which  de* 
stroyed  a  great  part  of  St  Dommgo,  innumerable  fissures  were  oaused 
throughout  the  bland,  from  which  mephitic  vapors  emanated  and  pro- 
duced an  epidemic.  Hot  springs  burst  forth  in  many  places  wherethere 
had  been  no  water  before ;  but  after  a  time  they  ceased  to  flow.f 

In  a  previous  earthquake,  m  November,  1751,  a  violent  shock  de- 
stroyed the  capital.  Port  au  Prince,  and  part  of  the  coast,  twenty 
leagues  in  length,  sank  down,  and  has  ever  since  formed  a  bay  of  the 
sea.t 

ffindostan,  1762. — The  town  of  Chittagong,  in  Bengal,  was  violently 
shaken  by  an  earthquake,  on  the  2d  of  April,  1762,  the  earth  opening 
in  many  places,  and  throwing  up  water  and  mud  of  a  sulphureous  'smell. 
At  a  place  called  Bardavan,  a  large  river  was  dried  up ;  and  at  Bar 
Charra,  near  the  sea,  a  tract  of  ground  sunk  down,  and  200  people, 
with  all  their  cattle,  were  lost.  It  is  said,  that  sixty  square  miles  of  the 
Chittagong  coast  suddenly  and  permanently  subsided  during  this  earth- 
quake, and  that  Ces-lung-Toom,  one  of  the  Mug  mountains,  entirely  dis- 
appeared, and  another  sank  so  low,  that  its  summit  only  remained  visi- 
ble. Four  hills  are  also  described  as  haying  been  variously  rent  asunder, 
leaving  open  chasms  from  thirty  to  sixty  feet  in  width.  Towns  which 
subsided  several  cubits,  were  overflowed  with  water ;  among  others. 
Deep  Gong,  which  was  submerged  to  the  depth  of  seven  cubits.  Two 
volcanoes  are  said  to  have  opened  in  the  Secta  Cunda  hills.  The  shock 
was  also  felt  at  Calcutta.§  While  the  Chittagong  coast  was  sinking,  a 
corresponding  rise  of  ike  ground  took  place  at  the  island  of  Kamree, 
and  at  Cheduba  (see  Map,  ^g.  39,  p.  S51).| 

Lisbon,  1755. — ^In  no  part  of  the  volcanic  region  of  southern  Europe 

*  Dr.  HorafieH  Batov.  Trans,  vol  YtiL  p.  26.  Br.  H.  iikl<n*m<  me  that  ha  has 
seen  this  truncated  mountain  ;  and,  ihou^  he  did  not  ascend  it,  he  has  oonvened 
with  those  who  have  examined  it  Raffles*  account  (History  of  Java,  voL  L)  is 
derived  from  Horefield. 

i  Eesai  sar  FHist  Nat  de  lisle  de  St  Domiogoe.    Parts,  1776. 

I  Hist  de  I'Acad  des  Sciences.    1752,  Paris. 

%  M'CleUand's  Report  on  Mia  Resources  of  India:  1838,  Calcutta.  For  other 
particulars^  see  Phil.  Trans,  vol  liii. 

I  Joum.  Aaiat  8oc  Benga],  vol  x.  pp.  861,  488. 


O&XXCLX  SABmQTTASB  OF  ZJHBON.  495 

has  80  tremendous  an  earthquake  oeourred  in  modem  times,  as  that 
which  began  on  the  Ist  of  November,  1755,  at  Lisbon.  A  sound  of 
thunder  was  heard  underground^  and  inunediately  afterwards  a  violent 
shock  threw  down  the  greater  part  of  that  city.  In  the  course  of  about 
six  minutes,  sixty  thousand  persons  perished.  The  sea  first  retired  and 
laid  the  bar  dry;  it  then  rolled  in,  rising  fifty  feet  or  more  above  its 
ordinary  level.  The  mountains  of  Arrabida,  Estrella,  Julio,  Marvan, 
and  Cintra,  being  some  of  the  largest  in  Portugal,  were  impetuously 
shaken,  as  it  were,  from  their  very  foundations ;  and  some  of  them 
opened  at  their  summits,  which  were  split  and  rent  in  a  wonderful  man- 
ner, huge  masses  of  them  being  thrown  down  into  the  subjacent  val- 
leys.* Flames  are  related  to  have  issued  from  these  mountains,  which 
are  supposed  to  have  been  electric ;  -  they  are  also  said  to  have  smoked ; 
but  vast  clouds  of  dust  may  have  given  rise  to  this  appearance. 

•The  area  over  which  this  convulsion  extended  is  very  remarkable. 
It  has  been  computed,  says  Humboldt,!  that  on  the  1st  November, 
1755,  a  portion  of  the  earth's  surface  four  times  greater  than  the  ex- 
tent of  Europe  was  simultaneously  shaken.  The  shock  was  felt  in  the 
Alps,  and  on  the  coast  of  Sweden,  in  small  inland  lakes  on  the  shores 
of  the  Baltic,  in  Thuringia,  and  in  the  flat  country  of  northern  Germany. 
The  thermal  springs  of  Toplitz  dried  up,  and  again  returned,  inundating 
every  thing  with  water  discolored  by  ochre.  In' the  islands  of  Antigua, 
Barbadoes,  and  Martinique  in  the  West  Indies,  where  the  tide  usually 
rises  liltle  more  than  two  feet,  it  suddenly  rose  above  twenty  feet,  the 
water  being  discolored  and  of  an  inky  blackness.  The  movement  was 
also  sensible  in  the  great  lakes  of  Canada.  At  Algiers  and  Fez,  in  the 
north  of  Africa,  the  agitation  of  the  earth  was  as  violent  as  in  Spain 
and  Portugal;  and  at  the  distance  of  eight  leagues  from  Morocco,  a 
village  with  the  inhabitants,  to  the  number  of  about. 8000  or  10,000 
persons,  are  said  to  have  been  swallowed  up;  the  earth  soon  i^ter- 
wards  closing  over  them. 

Subsidence  of  the  quay, — Among  other  extraordinary  events  related 
to  halye  occurred  at  Lisbon  during  the  catastrophe  was  the  subsidence 
of  a  new  quay,  built  entirely  of  marble  at  an  immense  expense.  A 
great  concourse  of  people  had  collected  there  for  safety,  as  a  spot  where 
they  might  be  beyond  the  reach  of  falling  nuns;  but  suddenly  the 
quay  sank  down  with  all  the  people  on  it,  and  not  one  of  the  dead 
bodies  ever  floated  to  the  surface.  A  great  number  of  boats  and  small 
vessels  anchored  near  it,  all  full  of  people,  were  swallowed  up,  as  in 
a  whirlpool.^  No  fragments  of  these  wrecks  ever  rose  again  to  the  sur- 
face, and  the  water  in  the  place  where  the  quay  had  stood  is  stated,  in 
many  accounts,  to  be  unfathomable ;  but  Whitehurst  says  he 
tained  it  to  be  one  hundred  fathoms.§ 


•  Hist  and  Philoa.  of  Earthquakes,  p.  817.  +  Ooamoa,  vol.  L 

J  Rev.  0.  Davy*8  Letters,  vol.  ii.  Letter  iL  p.  12,  who  was  at  Lisbon  at  the  time, 
ascertained  that  the  boats  and  vessels  said  to  have  been  swallowed  were 
missing.  §  On  the  Formation  of  the  Earth,  p.  56. 
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Circumstantial  as  are  t]ie  contemporary  narratives,  I  learn  from  a 
correspondent,  Mr.  F.  Freeman,  in  1841,  that  no  part  of  the  Tagna  was 
then  more  than  thirty  feet  deep  at  high  tide,  and  an  examination  of  the 
position  of  the  new  quay,  and  the  memorials  preserved  of  the  time  and 
manner  in  which  it  was  huilt,  rendered  the  statement  of  so  great  a  sub 
sidence  in  1 755  quite  unintelligible.  Perhaps  a  deep  narrow  chasm,  such 
as  was  before  described  in  Calabria  (p.  481),  opened  and  closed  agiun 
in  the  bed  of  the  Tagus,  after  swallowing  up  some  incumbent  buildings 
and  vessels.  We  have  already  seen  that  such  openings  may  collapse 
after  the  shock  suddenly,  or,  m  places  where  the  strata  are  of  soft  and 
yielding  materials,  very  gradually.  According  to  the  observations  made 
at  Lisbon,  in  1837,  by  Mr.  Sharpe,  the  destroying  efiPects  of  this  earth- 
quake were  confined  to  the  tertiary  strata,  and  were  most  violent  on  the 
blue  clay,  on  which  the  lower  part  of  the  city  is  constructed.  Xot  a 
building,  he  says,  on  the  secondary  Ihnestone  or  the  basalt  was  injured.* 

Shocks  felt  at  sea, — ^The  shock  was  felt  at  sea,  on  the  deck  of  a  ship 
to  the  west  of  Lisbon,  and  produced  very  much  the  same  sensation  aa 
on  dry  land.  OS  St.  Lucar,  the  captain  of  the  ship  Nancy  felt  his 
vessel  so  violently  shaken,  that  he  thought  ahe  had  struck  the  ground ; 
but,  on  heaving  the  lead,  found  a  great  depth  of  water.  Captain  Glaik, 
from  Denia,  m  latitude  36^  24'  N.,  between  nine  and  ten  in  the  morn- 
ing, had  his  ship  shaken  and  strained  as  if  she  had  struck  upon  a  rock, 
so  that  the  seams  of  the  deck  opened,  and  the  compass  was  overturned 
in  the  binnacle.  Another  ship,  forty  leagues  west  of  St.  Vincent,  ex- 
perienced so  violent  a  concussion,  that  the  men  were  thrown  a  foot  and 
a  half  perpendicularly  up  from  the  deck. 

Eate  at  which  the  movement  travelled. — The  agitation  of  lakes,  rivers, 
and  springs,  in  Great  Britam,  was  remarkable.  At  Loch  Lomond,  in 
Scotland,  for  example,  the  water,  without  the  least  apparent  cause, 
rose  against  its  banks,  and  then  subsided  below  its  usual  level.  The 
greatest  perpendicular  height  of  this  swell  was  two  feet  four  inches.  It 
is  sud  that  the  movement  of  this  earthquake  was  undulatory,  and  that 
it  travelled  at  the  rate  of  twenty  miles  a  minute,  its  velocity  bdng  cal- 
culated by  the  intervals  between  the  time  when  the  first  shock  was  felt 
at  Lisbon,  and  its  time  of  occurrence  at  other  distant  plaoes.f 

Great  toave  and  retreat  of  the  sea, — ^A  great  wave  swept  over  the 
coast  of  Spain,  and  is  said  to  have  been  sixty  feet  high  at  Cadiz.  At 
Tangier,  m  Africa,  it  rose  and  fell  eighteen  times  on  the  coast.  At 
Funchal,  m  Madeira,  it  rose  full  fifteen  feet  perpendicular  above  high* 
water  mark,  although  the  tide,  which  ebbs  and  flows  there  seven  feet, 
was  then  at  half-ebb.  Besides  entering  the  city,  and  committing  great 
havoc,  it  overflowed  other  seaports  in  the  island.  At  Einsale,  in  Ireland, 
a  body  of  water  rushed  into  the  harbor,  whirled  round  several  vessels^ 
and  poured  into  the  market-place. 

f  Geol  Soc  Proceedioffs,  No.  60,  p.  86.     1888. 

X  Michell  on  Earthquakes,  FhiL  Trans,  vol  IL  p.  566.    1760. 
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'  It  was  before  stated  that  the  sea  first  retired  at  Lisbon ;  and  this  re- 
treat of  the  ocean  from  the  shore,  at  the  cominencement  of  an  earthquake, 
and  its  subsequent  return  in  a  violent  wave,  is  a  common  occurrence. 
In  Older  to  account  for  the  phenomenon,  Michell  inui^ed  a  subsidence 
at  the  bottom  of  the  sea,  from  the  giving  way  of  the  roof  of  some  cav- 
ity in  consequence  of  a  vacuum  produced  by  the  condensation  of  steam. 
Such  condensation,  he  observes,  might  be  the  first  effect  of  the  intro- 
duction of  a  large  body  of  water  into  fissures  and  cavities  already  filled 
with  steam,  before  there  has  been  suflScient  time  for  the  heat  of  the  in- 
candescent lava  to  turn  so  large  a  supply  of  water  into  steam,  which 
bdng  soon  accomplished  causes  a  greater  explosion. 

AjQother  proposed  explanation  is,  the  sudden  rise  of  the  land,  which 
would  cause  the  sea  to  abandon  immediately  the  ancient  line  of  coast ; 
and  if  the  shore,  after  being  thus  heaved  up,  should  fall  again  to  its 
original  level,  the  ocean  would  return.  This  theory,  however,  .will  not 
account  for  the  facts  observed  during  the  Lisbon  earthquake ;  foi  the 
retreat  preceded  the  wave,  not  only  on  the  coast  of  Portugal,  but  also 
at  the  island  of  Madeira,  and  several  other  places.  If  the  upheaving  of 
the  coast  of  Portugal  had  caused  the  retreat,  the  motion  of  the  waters, 
when  propagated  to  Madeira,  would  have  produced  a  wave  previous  to 
the  retreat.  Nor  could  the  motion  of  the  waters  at  Madeira  have  been 
caused  by  a  different  local  earthquake ;  for  the  shock  travelled  from 
Lisbon  to  Madeira  in  two  hours,  which  agrees  with  the  time  which  it 
required  to  reach  other  places  equally  distant.*" 

The  following  is  another  solution  of  the  problem,  which  has  been 
offered : — Suppose  a  portion  of  the  bed  of  the  sea  to  be  suddenly  up- 
heaved ;  the  first  effect  will  be  to  raise  over  the  elevated  part  a  body 
of  water,  the  momentum  of  which  will  carry  it  much  above  the  level  it 
will  afterwards  assume,  causing  a  draught  or  receding  of  the  water  from 
the  neighboring  coasts,  followed  immediately  by  the  return  of  the  dis- 
placed water,  which  will  also  be  impelled  by  its  momentum  much  far- 
ther and  higher  on  the  coast  than  its  former  leveLf 

Mr.  Darwin,  when  alluding  to  similar  waves  on  the  coast  of  Chili, 
states  his  opinion,  that  "  the  whole  phenomenon  is  due  to  a  common  un- 
dulation in  the  water,  proceeding  from  a  line  or  point  of  disturbance 
some  little  way  distant.  If  the  waves,"  he  says,  "  sent  off  from  the 
paddies  of  a  steam-v.essel  be  watched  breaking  on  the  sloping.  shorQ  of 
a  still  river,  the  water  will  be  seen  first  to  retu«  two  or  three  feet,  and 
then  to  return  in  little  breakers,  prec^ely  analogous  to  those  consequent 
on  an  earthquake."  He  also  adds,  that  "  the  earthquake- wave  occurs 
some  time  after  the  shock,  the  water  at  first  retiring  both  from  the 
shores  of  the  mainland  and  of  outlying  islands,,  and  then  returning  ia 
mountainous  breakers.  Their  size  is  modified  by  the  form  of  the  neigb^ 
boring  coast ;  for  it  is  ascertained  in  South  America,  that  places  situft* 

•  BiGchell,  Phil.  Trans,  vol  li.  p.  614* 
t  Quarterly  Review,  No.  Ixzxvl  p.  459. 
82" 
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ted  at  the  head  of  shoalmg  bays  have  suffered  most,  whereas  towns  lik« 
Valparaiso,  seated  close  on  the  border  of  a  profound  ocean,  have  nevm 
been  inundated,  though  severely  shaken  by  earthquakes."* 

More  recently  (February,  1846),  Mr.  Mallet^  in  his  memoir  above 
cited  (p.  475),  has  endeavored  to  bring  to  bear  on  this  difficult  subjeel 
the  more  advanced  knowledge  obtained  of  late  years  respecting  the  tnie 
theory  of  waves.  He  conceived  that  when  the  origin  4>f  the  shock  is  be- 
neath the  deep  ocean,  one  wave  is  propagated  through  the  land,  and 
another  moving  with  inferior  velocity  is  formed  on  the  surface  of  the 
ocean.  This  last  rolls  in  upon  the  land  long  after  the  eaith-wave  has 
arrived  and  spent  itself.  However  irreconcilable  it  may  be  to  our  com- 
mon notions  of  solid  bodies,  to  imagine  them  capable  of  transmittiDg, 
with  such  extreme  velocity,  motions  analogous  to  tidal  waves,  it  seems 
nevertheless  certain  that  such  undulations  are  produced,  and  it  is  siip- 
posed  that  when  the  shock  passes  a  given  point,  each  particle  of  the  solid 
earth  describes  an  ellipse  in  space.  The  facility  with  which  all  the  par* 
tides  of  a  solid  mass  can  be  made  to  vibrate  may  be  illustrated,  says 
Gay  Lussac,  by  many  familiar  examples.  If  we  apply  the  ear  to  one 
end  of  a  long  wooden  beam,  and  listen  attentively  when  the  other  end 
is  struck  by  a  pin's  head,  we  hear  the  shock  distinctly ;  which  shows 
that  every  fibre  throughout  the  whole  length  has  been  made  to  vibrate. 
The  rattling  of  carriages  on  the  pavement  shakes  the  largest  edifices; 
and  in  the  quarries  underneath  some  quarters  in  Paris,  it  is  found  thai 
the  movement  is  communicated  through  a  considerable  thickness  ot 
rock.f 

The  great  sea-wave  originating  directly  over  the  centre  of  disturbance 
is  propagated,  as  Michell  correctly  stated,  in  every  direction,  like  the 
circle  upon  a  pond  when  a  pebble  is  dropped  into  it,  the  different  rates 
at  which  it  moves  depending  (as  he  also  suggested^  on  variations  in  the 
depth  of  the  water.  This  wave  of  the  sea,  says  Mr.  Mallet,  b  raised  by 
the  impulse  of  the  shock  immediately  below  it,  which  in  great  earth- 
quakes lifts  up  the  ground  two  or  three  feet  perpendicvdarly.  The 
velocity  of  the  shock,  or  earth- wave,  is  greater  because  it "  depends  upon 
a  function  of  the  elasticity  of  the  crust  of  the  earth,  whereas  the  velocity 
of  the -sea-wave  depends  upon  a  function  of  the  depth  of  the  sea." 

'*  Although  the  shock  m  its  passage  under  the  deep  ocean  gives  no 
trace  of  its  progress,  it  no  sooner  gets  into  soundings  or  shallow  water, 
than  it  gives  rise  to  another  and  smaller  wave  of  the  sea.  It  carries,  as 
it  were,  upon  its  back,  this  lesser  aqueous  undulation ;  a  long  narrow  ridge 
of  water  which  corresponds  in  form  and  velocity  to  itself,  being  pushed 
up  by  the  partial  elevation  of  the  bottom.  It  is  this  small  wave,  called 
technically  the  'fdrced  sea-wave,'  which  communicates  the  earthquake- 
shock  to  ships  at  sea,  as  if  they  had  struck  upon  a  rock.  It  breaks 
upon  a  coast  at  the  same  moment  that  the  shock  reaches  it,  and  some* 

*  Darwin's  Travels  in  South  America,  ^  1882  to  1886.  Voyage  of  H.  M-SL 
JBeaglo,  voL  iii  p.  877. 

t  Aim.deOh.etdePli.,toiiL3adLp.428. 
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tixhes  it  may  cause  an  apparent  slight  recession  from  the  shore,  followed 
by  its  flowing  np  somewhat  higher  than  t^e  usual  tide  mark :  this  will 
happen  where  the  beach  is  very  doping,  as  is  usual  where  the  sea  is 
shallow,  for  then  the  velocity  of  the  low  flat  earth-wave  is  such,  that  it 
slips  as  it  were,  from  under  the  undulation  in  the  fluid  above.  It  does 
this  at  the  moment  of  reaching  the  beach,  which  it  elevates  by  a  verti- 
cal height  equal  to  its  own»  and  as  instantly  lets  drop  again  to  its  former 
level." 

"  While  the  shock  propagated  through  the  solid  earth  has  thus  trav* 
elled  with  extra  rapidity  to  the  land,  the  great  sea-wave  has  been  fol- 
lowing at  a  slower  pace,  though  advancing  at  the  rate  of  several  miles 
in  a  minute.  It  consists,  in  the  deep  ocean,  of  a  long  low  swell  of  enor- 
mous volume,  having  an  equal  slope  before  and  behind,  and  that  so 
gentle  that  it  might  pass  under  a  ship  without  being  noticed.  But  when 
it  reaches  the  edge  of  soundings,  its  front  slope,  like  that  d  a  tidal  wave 
under  similar  circumstances,  becomes  short  and  steep,  while  its  rear 
slope  is  long  and  gentle.  If  there  be  water  of  some  depth  close  into 
shore,  this  great  wave  may  roll  in  long  after  the  shock,  and  do  little 
damage  ;  but  if  the  shore  be  shelving,  there  will  be  flrst  a  retreat  of  the 
water,  and  then  the  wave  will  break  upon  the  beach  and  roll  in  far 
upon  the  land."* 

The  various  opinions  which  have  been  ofiered  by  Michell  and  later 
writers,  respecting  the  remote  causes  of  earthquake  shocks  in  the  in- 
terior of  the  earth,  will  more  properly  be  discussed  in  the  thirty-second 
chapter. 

Chili,  1761. — On  the  24th  of  May,  1751,  the  ancient  town  of  Con- 
ception, otherwise  called  Pence,  was  totally  destroyed  by  an  earthquake, 
and  the  sea  rolled  over  it.  (See  plan  of  the  bay,  fig.  70,  p.  455.)  The 
ancient  port  was  rendered  entirely  useless,  and  the  inhabitants  built 
another  town  about  ten  miles  from  the  sea-coast,  in  order  to  be  beyond 
the  reach  of  similar  inundations.  At  the  same  time,  a  colony  recently 
settled  on  the  sea-shore  of  Juan  Fernandez  was  almost  entirely  over- 
whelmed by  a  wave  which  broke  upon  the  shore. 

It  has  been  ahready  stated,  that  in  1835,  or  eighty-four  years  after 
the  destruction  of  Penco,  the  same  coast  was  overwhelmed  by  a  similar 
flood  from  the  sea  during  an  earthquake ;  and  it  is  also  known  that 
twenty-one  years  before  (or  in  1730),  a  like  wave  rolled  over  these 
feted  shores,  in  which  many  of  the  mhabitants  perished.  A  series  of 
similar  catastrophes  has  also  been  tracked  back  as  far  as  the  year  1500,f 
beyond  which  we  have  no  memorials  save  those  of  oral  tradition.  Molina, 
who  has  recorded  the  customs  and  legends  of  the  aborigines,  tells  us, 
that  the  Araucanian  Indians,  a  tribe  inhabiting  the  country  between  the 
Andes  and  the  Pacific,  including  the  part  now  called  Chili,  "  had  among 
them  a  tradition  of  a  great  deluge,  in  which  only  a  few  persons  were 
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•  Mallet,  Proceed.  Roy.  Irish  Acad.  1846. 

•  See  Father  Aoosta's  work;  and  Sir  Woodbine  Parish,  OeoL  Soa  Proceedings 
il  p  215. 
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saved,  who  took  refuge  upon  a  high  mountain  called  Thegtheg,  "  th« 
thundering,"  which  had  three  points.  Whenever  a  violent  earthquaks 
occurs,  these  people  fly  for  safety  to  the  mountiuns,  assigning  as  a  rea- 
son, that  they  are  fearful,  after  the  shock,  that  the  sea  will  agun  retain 
and  deluge  the  world.* 

Notwithstanding  the  tendency  of  writers  in  his  day  to  refer  all  tra- 
ditionary inundations  to  one  remote  period,  Molina  remarks  that  this 
flood  of  the  Araucanians  "  was  probably  very  different  from  that  of 
Noah."  We  have,  indeed,  no  means  of  conjecturing  how  long  this  same 
tribe  had  flourished  in  Chili,  but  we  can  scarcely  doubt,  that  if  its  ex- 
perience reached  back  even  for  three  or  four  centuries,  several  inroads 
of  the  ocean  must  have  occurred  within  that  period.  But  the  memory 
of  a  succession  of  physical  events,  similar  in  kind,  though  distmct  in 
time,  can  never  be  preserved  by  a  people  destitute  of  written  annals. 
Before  two  or  three  generations  have  passed  away  all  dates  are  forgot- 
ten,  and  even  the  events  themselves,  unless  they  have  given  origin  to 
some  customs,  or  religious  rites  and  ceremonies.  Oftentimes  the  inci- 
dents of  many  different  earthquakes  and  floods  become  blended 
together  in  the  same  narrative;  and  in  such  cases  the  single  ca- 
tastrophe is  described  in  terms  so  exaggerated,  or  is  so  disused  by 
mythological  fictions,  as  to  be  utterly  valueless  to  the  antiquary  or  phi- 
losopher. 

Proofs  of  elevation  of  twenty-four  feet, — ^During  a  late  survey  of  Con- 
ception Bay,  Captain  Beechey  and  Sir  £.  Belcher  discovered  that  the 
ancient  harbor,  which  formerly  admitted  all  large  merchant  vessels 
which  went  round  the  Cape,  is  now  occupied  by  a  reef  (^  sandstone, 
certain  points  of  which  project  above  the  sea  at  low  water,  the  greater 
part  being  very  shallow.  A  tract  of  a  mile  and  a  half  in  length,  where, 
according  to  the  report  of  the  inhabitants,  the  water  was  formerly  four 
or  five  fathoms  deep,  is  now  a  shoal ;  consisting,  as  our  hydrographers 
found,  of  hard  sandstone,  so  that  it  cannot  be  supposed  to  have  be^ 
formed  by  recent  deposits  of  the  river  Biobio,  an  arm  of  which  carries 
down  loose  micaceous  sand  into  the  same  bay. 

It  is  impossible  at  this  distance  of  time  to  affirm  that  the  bed  of  the 
sea  was  uplifted  at  once  to  the  hdght  of  twenty-four  feet,  during  the 
single  earthquake  of  1751,  because  other  movements  may  have  occurred 
subsequently;  but  it  is  said,  that  ever  since  the  shock  of  1751,  no  ves- 
sels have  been  able  to  approach  within  a  mile  and  a  half  of  the  ancient 
port  of  Penco.  (See  Map,  p.  455.)  In  proof  of  the  former  elevation 
of  the  coast  near  Penco  om*  surveyors  found  above  high-water  mark  an 
enormous  bed  of  shells  of  the  same  species  as  those  now  living  in  the 
bay,  filled  with  micaceous  sand  like  that  which  the  Biobio  now  conve}^ 
to  the  bay.  These  shells,  as  well  as  others,  which  cover  the  adjoining 
hills  of  mica-schist  to  the  height  of  several  hundred  feet,  have  lately 
been  examined  by  experienced  conchologists  in  London,  and  identified 

*  Molina,  Hist,  of  ChUi,  voL  iL 
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with  those  taken  at  the  same  time  in  a  living  state  from  the  bay  and  its 
neighborhood.* 

Ulloa,  therefore,  was  perfectly  correct  in  his  statement  that,  at  various 
heights  above  the  sea  between  Talcahuano  and  Conception,  "mines 
were  found  of  various  sorts  of  shells  used  for  lime  of  the  very  same  kinds 
as  those  found  in  the  adjoining  sea.'*  Among  them  he  mentions  the 
great  mussel  called  Choros,  and  two  others  which  he  describes.  Some 
of  these,  he  says,  are  entire,  and  others  broken ;  they  occur  at  the  bot- 
tom of  the  sea,  in  four,  six,  ten,  or  twelve  fathom  water,  where  they  ad- 
here to  a  sea-plant  called  Cochayuyo.  They  are  taken  in  dredges,  and 
have  no  resemblance  to  those  found  on  the  shore  or  in  shallow  water ; 
yet  beds  of  them  occur  at  various  heights  on  the  hilU  ''  I  was  the 
more  pleased  with  the  sight,"  he  adds,  **  as  it  appeared  to  me  a  con- 
vincing proof  of  the  universality  of  the  deluge,  although  I  am  not  igno- 
rant that  some  have  attributed  their  position  to  other  causes,  "f  It  has, 
however,  been  ascertained  that  the  foundation  of  the  Castle  of  Penco 
was  so  low  in  1885,  or  at  so  inconsiderable  an  elevation  above  the  high- 
est spring  tides,  as  to  discountenance  the  idea  of  any  permanent  upheaval 
in  modem  times,  on  the  site  of  that  ancient  port ;  but  no  exact  measure- 
ments or  levellings  appear  as  yet  to  have  been  made  to  determine  this 
point,  which  is  the  more  worthy  of  investigation,  because  it  may  throw 
some  light  on  an  opinion  often  promulgated  of  late  years,  that  there 
is  a  tendency  in  the  Chilian  coast,  after  each  upheaval,  to  sink  gradually 
and  return  towards  its  former  position. 

Peru,  1746. — ^Peru  was  visited,  on  the  28th  of  October,  1746,  by  a 
tremendous  earthquake.  In  the  first  twenty- four  hours,  two  hundred 
shocks  were  experienced.  The  ocean  twice  retired  and  returned  impetu- 
ously upon  the  land :  Lima  was  destroyed,  and  part  of  the  coast  near 
Callao  was  converted  into  a  bay :  four  other  harbors,  among  which  were 
Cavalla  and  Guanape,  shared  Uie  same  fate.  There  were  twenty-three 
ships  and  vessels,  great  and  small,  in  the  harbor  of  Callao,  of  which 
nineteen  were  sunk ;  and  the  other  four,  among  which  was  a  frigate 
called  St.  Fermin,  were  carried  by  the  force  of  the  waves  to  a  great  dis- 
tance up  the  country,  and  left  on  dry  ground  at  a  considerable  height 
above  the  sea.  The  number  of  inhabitants  in  this  city  amounted  to  four 
thousand.  Two  hundred  only  escaped,  twenty-two  of  whom  were  saved 
on  a  small  fragment  of  the  fort  of  Vera  Cruz,  which  remained  as  the  only 
memorial  of  the  town  after  this  dreadful  inundation.  Other  portions  of 
its  site  were  completely  covered  with  heaps  of  sand  and  gravel. 

A  volcano  in  Lucanas  burst  forth  the  same  night,  and  such  quanti- 
ties of  water  descended  from  the  cone  that  the  whole  country  was  over- 
flowed ;  and  in  the  mountain  near  Pataz,  called  Conversiones  de  Caxa- 
marquilla,  three  other  volcanoes  burst  out,  and  frightful  torrents  of  water 
swept  down  their  sides.^ 

*  Captain  Belcher  hae  ehown  me  these  shells,  and  the  collection  has  been 
examined  by  Mr.  Broderip. 

f  UUoa's  Vojage  to  South  America,  voL  ii.  book  viii  ch.  vi 
t  Ibid.  ToL  iL  book  vil  ch.  vil 
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There  are  fieveral  records  of  prior  convulsions  in  Peru,  accompanied  by 
similar  inroads  in  the  sea,  one  of  which  happened  fifty-nine  years  before 
(in  1687),  when  the  ocean,  according  to  Ulloa,  first  retired  and  then  re- 
turned in  a  mountainous  wave,  overwhelming  Callao  and  its  environs, 
with  the  miserable  inhabit<ints.*  This  same  wave,  according  to  Lionel 
Wafer,  carried  ships  a  league  into  the  country,  and  drowned  man  and 
beast  for  fifty  leagues  along  the  shore.f  Inundations  of  still  earlier  dates 
are  carefully  recorded  by  Ulloa,  Wafer,  Acosta,  and  various  writers,  who 
describe  them  as  having  expended  their  chief  fuiy,  some  on  one  part  of 
the  coast  and  some  on  another. 

But  all  authentic  accounts  cease  when  wc  ascend  tc  the  em  of  the 
conquest  of  Peru  by  the  Spaniards.  The  ancient  Peruvians*  although 
far  removed  from  barbarism,  were  without  written  annals,  i(nd  therefore 
unable  to  preserve  a  distinct  recollection  of  a  long  series  of  natural 
events.  They  had,  however,  according  to  Antomo  de  Herrera,  who,  in 
the  beginning  of  the  seventeenth  century,  investigated  their  antiqui- 
ties, a  tradition,  '*  that  many  years  before  the  reign  of  the  Incas,  at  a 
time  when  the  country  was  very  populous,  there  happened  a  great  flood ; 
the  sea  breaking  out  beyond  its  bounds,  so  that  the  land  was  covered 
with  water  and  all  the  people  perished.  To  this  the  Guacas,  inhabiting 
the  vale  of  Xausca,  and  the  natives  of  Chiquito,  in  the  province  of  Cal- 
lao, add  that  some  persons  remained  in  the  hollows  and  caves  of  the 
highest  mountains,  who  again  peopled  the  land.  Others  of  the  moun- 
tain people  affirm  that  all  perished  in  the  deluge,  only  six  persons  being 
saved  on  a  float,  from  whom  descended  all  the  inhabitants  of  that  ooun- 
try."! 

On  the  munland  near  Lima,  and  on  the  neighboring  island  of  San 
Lorenzo,  Mr.  Darwin  found  proofs  that  the  ancient  bed  of  the  sea  had 
been  raised  to  the  height  of  more  than  eighty  feet  above  water  within 
the  human  epoch,  strata  having  been  discovered  at  that  altitude,  con- 
taining pieces  of  cotton  thread  and  plaited  rush,  together  with  sea- weed 
and  marine  shells.§  The  same  author  learnt  from  Mr.  Gill,  a  dvil 
engineer,  that  he  discovered  in  the  interior  near  Lima,  between  Oasma 
and  Huaraz,  the  dried-up  channel  of  a  large  river,  sometimes  worn 
through  solid  rock,  which,  instead  of  continually  ascending  towards  its 
source,  has,  in  one  place,  a  steep  downward  slope  in  that  direction,  for  a 
ridge  or  line  of  hills  has  been  uplifted  directly  across  the  bed  of  the 
stream,  which  is  now  arched.  By  these  changes  the  water  has  been 
turned  into  some  other  course ;  and  a  district,  once  fertile,  and  still  cov- 
ered with  ruins,  and  bearing  the  marks  of  ancient  cultivation,  has  been 
converted  into  a  desert.) 

Java,  1600. — On  the  5th  of  January,  1699,  a  terrible  earthquake 
visited  Java,  and  no  less  than  208  considerable  shocks  were  reckoned. 

♦  Ulloa'B  Voyage,  vol.  ii.  p.  82. 

!  Wafer,  cited  bj  Sir  W.  Parish,  Geol.  Soc.  ProceediDgs,  vol  ii.  p.  216. 
Hist  of  America,  decad.  ill  book  zL  ch.  L 
g  Darwin*8  Journal,  p.  461.  |  Ibid.  p.  418. 
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Many  houses  in  Batavia  were  oyerturned»  and  the  flame  and  noise  of  a 
volcanic  eraption  were  seen  and  heard  in  that  city,  which  were  after- 
wards found  to  proceed  from  Mount  Salek,*  a  volcano  six  days'  journey 
distant.  Next  morning  the  Batavian  river,  which  has  its  rise  from  that 
mountain,  became  very  high  and  muddy,  and  brought  down  abundance 
of  bushes  and  trees,  half  burnt  The  channel  of  the  river  being  stopped 
up,  the  water  overflowed  the  country  round  the  gardens  about  the  town, 
and  some  of  the  streets,  so  that  fishes  lay  dead  in  them.  All  the  fish 
tn  the  river,  except  the  carps,  were  killed  by  the  mud  and  turbid  water. 
A  great  number  of  drowned  bufhloea,  tigers,  rhinoceroses,  deer,  apes, 
and  other  wild  beasts,  were  brought  down  by  the  current ;  and,  "  not- 
withstanding," observes  one  of  the  writers,  '*  that  a  crocodile  is  amphib- 
ious, several  of  them  were  found  dead  among  the  rest."f 

It  is  stated  that  seven  hills  bounding  the  river  sank  down ;  by  which 
is  merely  meant,  as  by  similar  expressions  in  the  description  of  the  Cala- 
brian  earthquakes,  seven  great  landslips.  These  hills,  descending  some 
from  one  side  of  the  vaUey  and  some  from  the  other,  filled  the  channel, 
and  the  waters  then  finding  their  way  under  the  mass,  flowed  out  thick 
and  muddy.  The  Tangaran  river  was  also  dammed  up  by  nine  hills, 
and  in  its  channel  were  large  quantities  of  drift  trees.  Seven  of  its 
tributaries  also  are  said  to  have  been  "  covered  up  with  earth."  A  high 
tract  of  forest  land,  between  the  two  great  rivers  before  mentioned,  is 
described  as  having  been  changed  into  an  open  country,  destitute  of 
trees,  the  surface  being  spread  over  with  fine  red  clay.  This  part  of 
the  account  may,  perhaps,  merely  refer  to  the  sliding  down  of  woody 
tracts  into  the  valleys,  as  happened  to  so  many  extensive  vineyards  and 
olive-grounds  in  Calabria,  in  1783.  The  ckise  packing  of  large  trees  in 
the  Batavian  river  is  represented  as  very  remarkable,  and  it  attests  in  a 
striking  manner  the  destruction  of  soil  bordering  the  valleys  which  had 
been  caused  by  floods  and  landslips.^ 

Quito,  1698. — ^In  Quito,  on  the  19th  of  July,  1698,  during  an  earth- 
quake, a  great  part  of  the  crater  and  summit  of  the  volcano  Carguairazo 
fell  in,  and  a  stream  of  water  and  mud  issued  from  the  broken  sides  of 
the  hill.§ 

Sicily,  1698. — Shocks  of  earthquakes  spread  over  all  Sicily  in  1693, 
and  on  the  11th  of  January  the  city  of  Catania  and  forty -nine  other 
places  were  levelled  to  the  ground,  and  about  one  hundred  thousand 
people  killed.  The  bottom  of  the  sea,  says  Vicentino  Bonajutus,  sank 
down  considerably,  both  in  ports,  inclosed  bays,  and  open  parts  of  the 
coast,  and  water  bubbled  up  along  the  shores.  Numerous  long  fissures 
of  various  breadths  were  caused,  which  threw  out  sulphurous  water ; 
and  one  of  them,  in  the  plain  of  Catania  (the  deita  of  the  Simeto),  at 
the  dbtance  of  four  miles  from  the  sea,  sent  forth  water  as  salt  as  the 
aea.    The  stone  buildings  of  a  street  in  the  city  of  Noto,  for  the  length 

•  MiMpelt  "  QaletT  in  Hooke's  Aocoant 

+  Hooke'8  Porthnmous  Works,  p.  187.    1705.  }  PhiL  Trtnt.  1700. 

g  Humboldt,  AtL  Pit  p.  106. 
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of  half  a  mile,  sank  into  the  ground,  and  remained  hanging  on  one  ada 
In  another  street,  an  opening  lai^e  enough  to  swallow  a  man  and  hone 
appeared.* 

Moluccas,  1693. — ^The  small  Isle  of  Sorea,  which  oonsbts  of  one 
great  volcano,  was  in  eruption  in  the  year  1693.  Different  parts  of  the 
cone  fell,  one  after  the  other,  into  a  deep  crater,  until  almost  half  the 
space  of  the  island  was  converted  into  a  fiery  lake.  Most  of  the  inhab- 
itants  fled  to  Banda ;  but  great  pieces  of  the  mountain  continued  to 
fall  down,  so  that  the  lake  of  lava  became  wider ;  and  finally  the  whole 
population  was  compelled  to  emigrate.  It  is  stated  that,  in  proportion 
as  the  burning  lake  increased  in  size,  the  earthquakes  were  less  to- 
^  hement.f 

Jamaica^  1692. — In  the  year  1602,  the  island  of  Jamaica  was  viated 
by  a  violent  earthquake ;  the  ground  swelled  and  heaved  like  a  rolling 
sea,  and  was  traversed  by  numerous  cracks,  two  or  three  hundred  of 
which  were  often  seen  at  a  time,  opening  and  then  closing  rapidly 
again.  Many  people  were  swallowed  up  in  these  rents ;  some  the  earth 
caught  by  the  middle,  and  squeezed  to  death ;  the  heads  of  others  only 
appeared  above  ground ;  and  some  were  first  engulfed,  and  then  cast 
up  again  with  great  quantities  of  water.  Such  was  the  devastation, 
that  even  in  Port  Royal,  then  the  capital,  where  more  houses  are  said 
to  have  been  left  standing  than  in  the  whole  island  besides,  three-qnar* 
ters  of  the  buildings,  tc^ether  with  the  ground  they  stood  on,  sank  down 
with  their  inhabitants  entirely  under  water. 

Subsidence  in  the  harbor. — ^The  large  storehouses  on  the  harbor  ade 
subsided,  so  as  to  be  twenty-four,  thirty-six,  and  forty-eight  feet  under 
water ;  yet  many  of  them  appear  to  have  remained  standing,  for  it  is 
stated  that,  after  the  earthquake,  the  mast-heads  of  several  ships 
wrecked  in  the  harbor,  together  with  the  chimney-tops  of  houses,  were 
just  seen  projecting  above  the  waves.  A  tract  of  land  round  the  tows, 
about  a  thousand  acres  in  extent,  sank  down  in  less  than  one  minute, 
during  the  first  shock,  and  the  sea  immediately  rolled  in.  The  Swan 
frigate,  which  was  repairing  in  the  wharf,  was  driven  over  the  tops  of 
many  buildings,  and  then  thrown  upon  one  of  the  roofs,  through  which 
it  broke.  The  breadth  of  one  of  the  streets  is  said  to  have  been  doubled 
by  the  earthquake. 

According  to  Sir  H.  De  la  Beche,  the  part  of  Port  Royal  described 
as  having  sunk  was  built  upon  newly  formed  land,  consisting  of  sand, 
in  which  piles  had  been  driven ;  and  the  settlement  of  this  loose  sand, 
charged  with  the  weight  of  heavy  houses,  may,  he  suggests,  have  given 
rise  to  the  subsidence  alluded  to.J 

There  have  undoubtedly  been  instances  in  Calabria  and  elsewhere 
of  slides  of  land  on  which  the  houses  have  sUU  remained  standing ;  and 
it  is  possible  that  such  may  have  been  the  case  at  Port  RoyaL    The 

*  PhiL  TruDB.  1698-4.  f  FhiL  naii&  1698. 

X  Manual  of  Geol  p.  188,  second  edition. 
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fact  at  least  of  Btibmergeiice  is  VDqtieBtionable,  for  I  was  informed  hj 
tbe  late  Admiral  Sir  Cfaaiies  Hamilton  that  ho  frequently  saw  the  suIh 
merged  houses  of  Port  Royal  in  the  year  1780,  in  that  part  of  the  har- 
bor which  lies  between  the  town  and  the  usual  anchorage  of  men-of- 
war.  Bryan  Edwards  also  says,  in  his  history  of  the  W^st  Indies,  that 
in  1793  the  ruins  were  visible  in  clear  weather  from  the  boats  which 
sailed  over  them.*  Lastly,  Lieutenant  B.  Jeffery,  R.  N.,  tells  me  that^ 
being  engaged  in  a  sury^  between  the  years  1824  and  1836,  he  re- 
peatedly visited  the  site  in  question,  where  the  depth  of  the  water  is 
from  foon*  to  six  fathoms,  and  whenever  there  was  but  little  wind  per- 
ceived distinct  traces  of  houses.  He  saw  these  more  clearly  when  he 
used  the  instrument  called  the  "  diver's  eye,'*  which  is  let  down  below 
the  ripple  of  the  wave.f 

At  several  thousand  places  in  Jamuca  the  earth  is  related  to  havd 
opened.  On  the  north  of  the  island  several  plantations,  with  their  in* 
habitants,  were  swallowed  up,  and  a  lake  appeared  in  their  place,  cover- 
bg  above  a  thousand  acres,  which  afterwards  dried  up,  leaving  nothing 
but  sand  and  gravel,  without  the  least  sign  that  there  had  ever  been  a 
house  or  a  tree  there.  Several  tenements  at  Tallows  were  buried  under 
land^slips  ;  and  one  plantation  was  removed  half  a  mile  from  its  place, 
the  crops  continuing  to  grow  upon  it  uninjured.  Between  Spanish  Town 
and  Stzteeu-mile  Walk,  the  high  and  perpendicular  clifis  bounding  the 
river  fell  in,  stopped  the  passage  of  the  river  and  flooded  the  latter  place 
for  nine  days,  so  that  the  people  "  concluded  it  had  been  sunk  as  Port 
Royal  WHS."  But  the  flood  at  length  subsided,  for  the  river  had  found 
some  new  passage  at  a  great  distance. 

Mountains  shattered, — ^The  Blue  and  other  of  the  highest  mountains 
are  declared  to  have  been  strangely  torn  and  rent.  They  appeared 
shattered  and  half-naked,  no  longer  affording  a  flne  green  prospect,  aa 
before,  but  stripped  of  their  woods  and  natural  verdure.  The  rivers  on 
these  mountains  first  ceased  to  flow  for  about  twenty-four  hours,  and 
then  brought  down  into  the  sea,  at  Port  Royal  and  other  places,  several 
hundred  thousand  tons  of  timber,  which  looked  like  floating  islands  on 
the  ocean.  The  trees  were  in  general  barked,  most  of  their  branches 
having  been  torn  off  in  the  descent.  It  is  particularly  remarked  in  this, 
as  in  the  narratives  of  so  many  earthquakes,  that  fish  were  taken  m  great 
numbers  on  the  coast  during  the  shocks.  The  correspondents  of  Sir 
Hans  Sloane,  who  collected  with  care  the  accounts  of  eye-witnesses  of 
the  catastrophe,  refer  constantly  to  subsidences,  and  some  supposed  the 
whole  of  Jamaica  to  have  sunk  down.| 

Rejlections  on  the  amount  of  change  in  the  last  one  hundred  and  sixty 
fears. — ^I  have  now  only  enumerated  some  few  of  the  earthquakes  of  the 
last  160  years,  respecting  which  facts  illustrative  of  geological  inquiries 
are  on  record.    Even  if  my  limits  permitted,  it  would  be  an  unprofit* 

♦  Vol  i  p.  286,  8to  ed.  8  vok  1801.        f  Letter  to  the  Author,  May,  1888. 
X  nul  Traii&  1694. 
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able  task  tq  examine  all  the  obscure  and  amlHguoua  namtives  of  aimilar 
erents  of  earlier  epochs ;  although,  if  the  places  weae  now  examined  by 
geologists  well  practised  in  the  art  of  interpreting^  the  monutnenis  ci 
physical  changes,  many  events  which  have  happened  within  the  histor- 
ical era  might  doubtless  be  still  determined  with  precision.  It  must 
not  be  imagined  that,  in  the  above  sketch  of  the  occurrences  of  a  short 
period,  I  have  given  an  account  of  all,  or  even  the  greater  part»  of  the 
mutations  which  the  earth  has  undergone  by  the  agency  of  subterra- 
nean^movements.  Thus,  for  example,  the  earthquake  of  Aleppo,  in  the 
present  century,  and  of  Syria,  m  the  middle  of  the  eighteenth,  would 
doubtless  have  afiforded  numerous  phenomena,  of  great  geological  ho* 
portance,  had  those  catastrophes  been  described  by  scientific  observers. 
The  shocks  in  Syria  in  1759,  were  protracted  for  three  months,  through- 
out a  space  of  ten  thousand  square  leagues :  an  area  ccxnpared  to  which 
that  of  the  Calabrian  earthquake  in  1788  was  insignificant.  Aeeon, 
Saphat,  Balbeck,  Damascus,  Sidon,  Tripoli,  and  many  other  places,  were 
almost  entirely  leveUed  to  the  ground.  Many  thousands  of  the  inhabit- 
ants perished  in  each ;  and,  in  the  valley  of  Balheck  alone,  20,000  men 
are  said  to  have  been  victims  to  the  convulsion.  In  the  absence  of 
scientific  accounts,  it  would  be  as  irrelevant  to  our  present  purpose  to 
enter  into  a  detailed  account  of  such  calamities,  as  to  follow  the  tract  of 
an  invading  army,  to  enumerate  the  cities  burnt  or  rased  to  the  ground, 
and  reckon  the  number  of  individuals  who  perished  by  famine  or  the 
sword. 

Deficiency  of  kistarical  records. — ^If  such,  then,  be  the  amount  of 
ascertained  changes  in  the  last  160  years,  notwithstanding  the  extreme 
deficiency  of  our  records  during  that  brief  period,  how  important  must 
we  presume  the  physical  revolutions  to  have  been  in  the  course  of  thirty 
or  forty  centuries,  during  which  some  countries  habitually  convulsed  by 
earthquakes  have  been  peopled  by  civilised  nations !  Towns  engulfed 
during  one  earthquake  may,  by  repeated  shocks,  have  sunk  to  great 
depths  beneath  the  surface,  while  the  ruins  remain  as  imperishable  as 
the  hardest  rocks  in  which  they  are  inclosed.  Buildings  and  cities,  sub- 
merged, for  a  time,  beneath  seas  or  lakes,  and  covered  with  sedimentary 
deposits,  must,  in  some  places,  have  been  re-elevated  to  considerable 
heights  above  the  level  of  the  ocean.  The  signs  of  these  events  have, 
probably,  been  rendered  visible  by  subsequent  mutations,  as  by  the  en- 
croachments of  the  sea  upon  the  coast,  by  deep  excavations  made  by 
torrents  and  rivers,  by  the  opening  of  new  ravines^  and  chasms,  and  other 
effects  of  natural  agents,  so  active  in  districts  agitated  by  subterranean 
movements. 

If  it  be  asked  why,  if  such  wonderful  monuments  enst,  so  few  haive 
hitherto  been  brought  to  %ht,  we  reply — because  they  have  not  been 
searched  for.  In  order  to  rescue  from  oblivion  the  memorials  of  former 
occurrences,  the  inquirer  must  know  what  he  may  reasonably  expect  to 
discover,  and  under  what,  peculiar  local  circumstances.  He  must  >be 
acquainted  with  the  action  and  effect  of  physical  causes,  in  order  to  reo^ 
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ognize,  explam,  and  describe  correctly  the  phenomena  when  they  pre- 
Bent  themselves. 

The  best  known  of  the  great  volcanic  regions,  of  which  the  boundaries 
were  sketched  in  ihe  twenty-second  chapter,  is  that  which  includes 
Southern  Europe,  Northern  Africa,  and  Central  Aua ;  yet  nearly  the 
whole,  even  of  this  region,  must  be  liud  down,  in  a  geological  map,  as 
*'  Terra  Incognita."  Even  Calabria  may  be  regarded  as  unexplored,  as 
also  Spain,  Portugal,  the  Barbary  States,  the  Ionian  Isles,  Asia  Minor, 
Cyprus,  Syria,  and  the  countries  between  the  Caspian  and  Black  seas. 
We  are,  in  truth,  beginning  to  obtam  some  insight  into  one  small  spot 
of  that  great  zone  of  volcanic  disturbance,  the  district  around  Naples ;  a 
tract  by  no  means  remarkable  for  the  violence  of  the  earthquakes  which 
have  convulsed  it. 

If,  in  this  part  of  Campania,  we  are  enabled  to  establish  thai  oonsider- 
aUe  changes  in  the  relative  level  of  land  and  sea  have  taken  place  since 
the  Christian  era,  it  is  all  that  we  could  have  expected ;  and  it  is  to  re- 
cent antiquarian  and  geological  research,  not  to  history,  that  we  are 
principally  indebted  for  the  information.  I  shall  now  proceed  to  lay 
before  the  reader  some  of  the  results  of  modem  investigations  in  the 
Bay  of  BaicB  and  the  adjoining  coast. 

PROOFS  OF  ELEVATION  AND  SUBSIDENCE  IN  THE  BAY  OF  BALE. 

Ten^le  of  Jupiier  SerapU. — ^This  celebrated  monument  of  antiquity, 
a  representation  of  which  is  given  in  the  frontispiece,*  affords  in  itself 


GrooBd  plaa  of  th«  eoast  of  the  Baj  of  Bala,  in  the  enylranB  ot  PnzznoIL 

alone,  unequivocal  evidence  that  the  relative  level  of  land  and  sea  has 
changed  twice  at  Puzzuoli  since  the  Christian  era ;  and  each  movement, 

*  This  view  of  the  temple  (Bnhetituted  for  one  by  A.de  Jorio,  given  in  the  ear- 
lier editions)  has  been  reduced  from  part  of  a  beaatifol  colored  drawing  taken  in 
1886,  with  the  aid  of  tho  camera  luada,  by  Mr.  I'Anson,  to  illustrate  a  paper  by 
Mr.  Babbaee  on  the  temple,  read  March,  1884,  and  published  in  the  Quart  Joum. 
of  the  GeoT.  Soc.  of  London,  vol.  iil  1847. 
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both  of  elevation  and  subsidence,  has  exceeded  twenty  feet  Before 
examining  these  proofs,  I  may  observe,  that  a  geological  examination  of 
the  coast  of  Baiae,  both  on  the  north  and  south  of  Puzzuoli,  establishes, 
m  the  most  satisfactory  manner,  an  elevation,  at  no  remote  period,  of 
more  than  twenty  feet,  and,  at  one  point,  of  more  than  tlurty  feet ;  and 
the  evidence  of  this  change  would  have  b^'^m  complete,  if  even  the  tem- 
ple had,  to  this  day,  remained  undiscovered. 

Coast  south  of  Puzzuoli,-^\l  we  coast  along  the  shore  from  Naples 
k>  Puzzuoli,  we  find,  on  approaching  the  latter  place,  that  the  lofty  and 
orecipitous  clifi&  of  indurated  tuff,  resembling  that  of  which  Naples  is 
built,  retire  slightly  from  the  sea ;  and  that  a  low  level  tract  of  fertile 
land,  of  a  very  different  aspect,  intervenes  between  the  present  sea-beach 
and  what  was  evidently  the  ancient  line  of  coast. 

The  inland  cliff  may  be  seen  opposite  the  small  island  of  Nisida,  about 
two  miles  and  a  half  southeast  of  Puzzuoli  (see  Map,  fig.  40,  p.  361), 
where,  at  the  height  of  thirty-two  feet  above  the  level  of  the  sea,  Mr. 
Babbage  observed  an  ancient  mark,  such  as  might  have  been  worn  by 
the  waves ;  and,  upon  farther  examination,  discovered  that,  along  that 
Hue,  the  face  of  the  perpendicular  rock,  consisting  of  very  hard  tuff,  was 
covered  with  barnacles  {Balanus  sulcatus,  Lamk.),  and  drilled  by  boring 
''^stacea.  Some  of  the  hollows  of  the  lithodomi  contsuned  the  shells  ; 
JV.  «T.  a     while  others  were  filled  with  the  valves  of 

a  species  of  Axcsl.*  Nearer  to  Puzzuoli, 
the  inland  cM  is  dghty  feet  h^h,  and  as 
perpendicular  as  if  it  wa&  still  undermined 
by  tb3  waives.  At  its  base,  a  new  depodt, 
conetituting  the  fertile  tract  above  alluded 
to,  attains  a  height  of  about  twenty  feet 
5ibcve  the  sea ;  and,  since  it  is  composed 
i,  AntiQnities  on  bill  s.  E.  of  PuziuoU  of  regular  Sedimentary  deposits,  containing 
5,  i^iSrcfiff  S^^LS^-  "marine  sheUs,  its  position  proves  that,  sub- 

'''  ^^^t^SSSr^  ""^  '*^*  '"^*"  sequently  to  ite  formation,  there  has  been  a 

change  of  more  than  twenty  feet  in  the 
relative  level  of  land  and  sea. 

The  sea  encroaches  on  these  new  incoherent  strata ;  and  as  the  soil  is 
valuable,  a  wall  has  been  built  for  its  protection  ;  but  when  I  visited  the 
spot  in  1828,  the  waves  had  swept  away  part  of  this  rampart,  and  ex- 
posed to  view  a  regular  series  of  strata  of  tuff,  more  or  less  argillaceous, 
alternating  with  beds  of  pumice  and  lapilli,  and  containing  great  abun- 
dance of  marine  shells,  of  species  now  common  on  this  coast,  and  amongst 
them  Cardium  rusticum,  Ostrea  edulia,  Donax  trunculus,  Lamk.,  and 
others.  The  strata  vary  from  about  a  foot  to  a  foot  and  a  half  in  thick- 
ness, and  one  of  thepa  contcuns  abundantly  remains  of  works  of  art,  tiles, 
squares  of  mosaic  pavement  of  different  colors,  and  small  sculptured  or- 

*  Mr.  Babbage  esamined  this  spot  in  company  with  Sir  Edmund  Head  in  Jane^ 
1828,  and  has  wown  me  numerous  specimens  of  the  shells  collected  there,  and  ia 
the  Temple  of  Serapis. 
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namentSy  perfectly  wunjored.  Intermixed  with  these  I  collected  some 
teeth  of  the  pig  and  ox.  These  fragments  of  huildug  occur  belotr  as 
well  as  abore  strata  containing  marine  shells.  Pozznoli  itself  stands 
chieflj  on  a  promontorj  of  the  older  to&ceous  formatacm,  which  cuts  off 
the  new  deposit,  although  I  detected  a  small  patch  of  the  latter  in  a  gar- 
den under  the  town. 

From  the  town  the  ndns  of  a  mole,  called  Caligula^s  Bridge,  run  out 
bto  the  sea  (see  fig.  68,  p.  509).*  This  mole,  which  is  beliered  to  be 
eighteen  centuries  old,  consists  of  a  number  of  piers  and  arches,  thirteen 
of  which  are  now  standing,  and  two  others  appear  to  have  been  over- 
thrown. Mr.  Babbage  found,  on  the  sixth  pier,  perforatiocis  of  litho- 
domi  four  feet  above  the  level  of  the  sea ;  and,  near  the  terminatbn  of 
the  mole  on  the  last  pier  but  one,  marks  of  the  same,  ten  feet  above  the 
level  of  the  sea,  together  with  great  numbers  of  balani  and  flustra.  Hie 
depth  of  the  sea,  at  a  very  small  distance  from  most  of  the  piers,  is 
from  thirty  to  fifty  feet. 

Coast  north  ofPuzzuoli, — ^If  we  then  pass  to  the  north  of  Puzzuoli, 
and  examine  the  coast  between  that  town  and  Monte  Nuovo,  we  find  a 
repetition  of  analogous  phenomena.  The  sloping  sides  of  Monte  Barbaro 
slant  down  within  a  short  distance  of  the  coast,  and  terminate  m  an 
inland  cliff  of  moderate  elevation,  to  which  the  geologist  p^tseives  at 


Fig.  8ft. 


a,  BenutiDB  of  Cieero't  villa.  K.  dde  of  PnnaoILt  &,  Ancient  cliff  now 

Terrace  (called  La  Starat)  compoeed  of  recent  tabmafln*  depoatte. 
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once  that  the  sea  must,  at  some  former  period,  have  extended.  Between 
this  cliff  and  the  sea  is  a  low  plain  or  terrace,  called  La  Starza  (c,  ^g,  89), 
corresponding  to  that  before  described  on  the  southeast  of  the  town ; 
and  as  the  sea  encroaches  rapidly,  fresh  sections  of  the  strata  may  readily 
be  obtained,  of  which  the  annexed  is  an  example. 

Section  on  the  shore  north  of  the  town  ofPuzzuoli : — 

Ft  In. 

1.  Vegetable  soil 10 

2.  Horizontal  beds  of  pumice  and  flQorisa,  with  broken  fragments  of  un- 

rolled bricks,  bones  of  animaU,  and  marine  shells  -       -       -       -    1    6 
8.  Beds  of  lapiUi,  containing  abundance  of  marine  shelly  principally  Car- 
diwn  rustieumyDonax  truncnlut.  Lam.,  Otina  eMit,  TkiUm  eutneeum. 
Lam.,  and  Buednvm  9erratm%  Brocchi,  the  beds  varying  in  thickness 
from  one  to  eighteen  inches  -       •       -       -       -       •       •       -10    0 
4.  ArgiUaoeons  tuS;  containing  bricks  and  firagments  of  buildings  not 

roonded  by  attriuoo    •       -       -       - le 


*  This  view  is  taken  ttam  Sir  W.  Hamilton,  Campi  Phlegran,  plate  2S. 

f^  This  spot  heri  indicatedjon  the  summit  of  the  cliff  is  thai  firom  wluoh  Hamil- 

'  —  '^ ^     --      509)  is  taken,  and  o« 

'  stood. 


too^s  view,  plate  26,  Oampi  Phlegraei  (reduced  in  fig.  8S,  p.  600)  is 
which,  he  says,  Cicero's  yilla,  called  the  Academia,  anciently  stood 
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The  thickness  of  many  of  these  beds  varies  greatly  as  we  trace  them 
along  the  shore,  and  sometimes  the  whole  group  rises  to  a  grreater  height 
than  at  the  point  above  described.  The  smfsce  of  the  tract  which 
they  compose  appears  to  slope  gently  upwards  towards  the  base  of  the 
old  clifis* 

Now,  if  such  appearances  presented  themselves  on  the  coast  of  Eng- 
land, a  geologist  might  endeavor  to  seek  an  explanation  in  some  local 
change  in  the  set  of  the  tides  and  currents :  but  there  are  scarce  any 
tides  in  the  Mediterranean ;  and,  to  suppose  the  sea  to  have  sunk  gen- 
erally from  twenty  to  twenty-five  feet  since  the  shores  of  Campania  were 
covered  with  sumptuous  buildings  is  an  hypothesis  obviously  untenable. 
The  observations,  indeed,  made  during  modem  surveys  on  the  moles 
and  cotbons  (docks)  constructed  by  the  ancients  in  various  ports  of  the 
Mediterranean,  have  proved  that  there  has  been  no  sensible  variation  of 
level  in  that  sea  during  the  last  two  thousand  years.* 

Thus  we  arrive,  without  the  aid  of  the  celebrated  temple,  at  the  con- 
clusion, that  the  recent  marine  deposit  at  Pazsuoli  was  upraised  in 
modem  times  above  the  level  of  the  sea,  and  that  not  only  this  change 
of  position,  but  the  accumulation  of  the  modem  strata,  was  posterior  to 
the  destraction  of  many  edifices,  of  which  they  contain  the  imbedded 
remains.  If  we  next  examine  the  evidence  afforded  by  the  temple 
itself,  it  appears,  from  the  most  authentic  accounts,  that  the  three  pillars 
now  standing  erect  continued,  down  to  the  middle  of  the  last  century, 
almost  buried  in  the  new  marine  strata  (c,  fig.  89).  The  upper  part  of 
each  protmding  several  feet  above  the  surface  was  concealed  by  bushes, 
and  had  not  attracted,  until  the  year  1749,  the  notice  of  antiquaries; 
but,  when  the  soil  was  removed  in  1760,  they  were  seen  to  form  part 
of  the  remains  of  a  splendid  edifice,  the  pavement  of  which  was  still 
preserved,  and  upon  it  lay  a  number  of  columns  of  African  breccia  and 
of  granite.  The  original  plan  of  the  building  could  be  traced  distinctly : 
it  was  of  a  quadrangular  form,  seventy  feet  in  diameter,  and  the  roof 
had  been  supported  by  forty-six  noble  columns,  twenty-four  of  granite 
and  the  rest  of  marble.  The  large  court  was  surrounded  by  apart- 
ments, supposed  to  have  been  used  as  bathing-rooms ;  for  a  therm^ 
spring,  still  used  for  medicmal  purposes,  issues  just  behind  the  building, 
and  the  water  of  this  spring  appears  to  have  been  originally  conveyed 
by  a  marble  duct,  still  extant,  into  the  chambers,  and  then  across  the 
pavement  by  a  groove  an  inch  or  two  deep,  to  a  conduit  made  of  Roman 
brickwork,  by  which  it  gained  the  sea. 

Many  antiquaries  have  entered  into  elaborate  discussions  as  to  the 
deity  to  which  this  edifice  was  consecrated.  It  is  admitted  that,  among 
other  images  found  in  excavating  the  ruins,  there  was  one  of  the  god 
Serapis ;  and  at  Puzzuoli  a  marble  column  was  dug  up,  on  which  was 
carved  an  ancient  inscription,  of  the  date  of  the  building  of  Rome  648 
(or  B.  0.  105),  entitled  "  Lex  parieti  faciundo."    This  inscription,  written 

•  On  the  authority  of  Oaptain  W.  H.  Smyth,  KIT. 
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in  very  obscure  Latin*  sets  forth  a  contract  between  the  mtmidpality'  of 
the  town,  and  a  company  of  builders  who  undertook  to  keep  in  repak 
certain  public  edifices,  the  Temple  of  Serapis  beii^  mentioned  amongst 
the  rest,  and  described  as  being  near  or  towards  the  sea>  **  mare  Torsum." 
Sir  Edmund  Head,  after  studying,  in  1828,  the  topography  and  anti- 
quities of  this  district,  and  the  Greek,  Roman,  and  Italian  writers  on  the 
subject,  informed  me,  that  at  Alexandria^  on  the  Nile,  the  chief  seat  of 
the  worship  of  Serapis,  there  was  a  Serapeum  of  the  same  form  as  this 
temple  at  Pmszuoli,  and  surrounded  in  like  manner  by  chambers,  in 
which  the  devotees  were  accustomed  to  pass  the  n^t,  in  the  hope  of 
receiving  during  sleep  a  revelation  from  the  god,  as  to  the  nature  and 
cure  of  their  diseases.  Hence  it  was  very  natural  that  the  priests  of 
Serapb,  a  pantheistic  divinity,  who,  am(mg  other  usurpations,  had  ap* 
propriated  to  himself  the  attributes  of  Esculapius,  should  regard  the 
hot  spring  as  a  suitaUe  appendage  to  the  temple,  although  the  original 
Serapeum  of  Alexandria  could  boast  no  such  medicinal  waters.  Signor 
Carelli*  and  others,  in  objecting  to  these  views,  have  insisted  on  the 
fact,  that  the  worship  of  Serapis,  which  we  know  prevailed  at  Rome  in 
the  days  of  Catullus  (in  the  first  century  before  Christ),  was  prohibited 
by  the  Roman  Senate,  during  the  reign  of  the  Emperor  Tiberius.  But 
there  is  little  doubt  that,  during  the  reigns  of  that  emperor's  successors, 
the  shrines  of  the  Egyptian  god  were  again  thronged  by  sealous  vota- 
ries ;  and  in  no  place  more  so  than  at  Puteoli  (now  Puzsuoli),  one  of 
the  principal  marts  for  the  produce  of  Alexandria. 

Without  entering  feurther  into  an  inquiry  which  is  not  strictly  geolo- 
gical, I  shall  designate  this  valuable  relic  oi  antiquity  by  its  geamWj 
received  name,  and  proceed  to  consider  the  memorials  of  physicd 
changes  inscribed  on  the  three  standing  columns  in  most  legible  charac- 
ters by  the  hand  of  Nature.  (See  Frontispiece.)  These  pillars,  which 
have  been  carved  each  out  of  a  single  block  of  marble,  are  forty  feet 
three  inches  and  a  half  in  height  A  horizontal  fissure  nearly  inter- 
sects one  of  the  columns;  the  other  two  are  entire.  They  are  all 
slightly  out  of  the  perpendicukr,  inclining  somewhat  to  the  southwest, 
t)iat  is,  towards  the  8ea.f  Their  surface  is  smooth  and  uninjured  to  the 
height  of  about  twelve  feet  above  their  pedestals.  Above  this  is  a  zone, 
about  nine  feet  in  height,  where  the  marble  has  been  pierced  by  a  spe- 
cies of  marine  perforating  bivalve — Lithodomus,  Cuv.|  The  holes  of 
these  animals  are  pear-shaped,  the  external  opening  being  minute,  and 
gradually  increasing  downwards.  At  the  bottom  of  the  cavities,  many 
shells  are  still  found,  notwithstanding  the  great  numbers  that  have  been 

*  Dissertazione  suUa  Sagra  Archittetura  degli  AntichL 

f  This  appears  from  the  measurement  of  Captain  Basil  Hall,  R.  N.,  Proceed- 
ings of  Geol.  Soc.,  Na  88,  p«  1 14 ;  seo  also  Patchwork,  hy  the  same  antlMir,  vol  iiL 
p.  158.  The  fact  of  the  three  standing  columns  haying  been  each  formed  oat  of 
a  8injg;le  stone  was  first  pointed  out  to  me  by  Mr.  James  Hall,  and  is  important,  aa 
helping  to  explain  why  they  were  not  shaken  down. 

X  Modiola  lithopKapa,  LanL    Mytilui  lUftophaffut,  Linn. 
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taken  out  by  Tssitors ;  in  many  the  valTes  of  a  Bpeoies  of  area,  an  ani- 
mal wbich  oonceals  itself  in  small  hollows,  occur.  The  perforations  afe 
so  considerable  in  depth  and  size,  that  they  manifest  a  long-continued 
abode  of  the  lithodomi  in  the  columns,  for,  as  the  inhabitant  grows 
older  and  increases  in  size,  it  bores  a  larger  cayity,  to  correspond  with 
the  increased  magnitude  of  its  shell.  We  must,  consequently,  infer  a 
long-continued  immersion  of  the  pillars  in  sea-water,  at  a  time  when  the 
lower  part  waa  covered  up  and  protected  by  marine,  fresh^water,  and 
Yolcanic  stratf^  afterwards  to  be  described,  and  by  the  rubbish  of  buiM- 
ings ;  the  highest  part,  at  the  same  time,  projecting  above  the  waters, 
and  being  consequently  weathered,  but  not  materially  injured.  (Bee  fig. 
»0,  p.  614.) 

On  the  pavement  of  the  temple  lie  some  columns  of  marble,  which  are 
also  perforated  in  certain  parts;  one,  for  example,  to  the  length  of  eight 
feet)  while,  for  the  length  of  four  feet,  it  is  uninjured.  Several  of  these 
Inaoken  columns  are  eaten  into,  not  only  on  the  exterior,  but  on  the  cross 
fracture,  and,  on  some  of  them,  other  marine  animals  (serpulse,  &c.)  have 
fixed  themselves.*  All  the  granite  pillara  are  untouched  by  hthodomi. 
The  platform  of  the  temple,  which  is  not  perfectly  even,  was,  when  I 
visited  it  in  1828,  about  one  foot  below  high-water  mark  (for  there  are 
small  tides  in  the  bay  of  Naples) ;  and  the  sea,  which  was  only  one  hun- 
dred feet  distant,  soaked  through  the  intervening  soil  The  upper  part 
oi  the  perforati(»i8,  therefore,  were  at  least  twenty-thiee  feet  above  high- 
water  mark ;  and  it  is  dear  that  the  columns  must  have  continued  for  a 
long  time  in  an  erect  position,  immersed  in  salt  water,  and  then  the  sub- 
merged portion  must  have  been  upraised  to  the  height  of  about  twenty- 
three  feet  above  the  level  of  the  sea. 

By  excavations  carried  on  in  1828,  below  the  marble  pavement  on 
which  the  colunms  stand,  another  costly  pavement  of  mosaic  was  found, 
at  the  depth  of  about  five  feet  below  the  upper  one  (a,  fr,  fig.  90).  The 
existence  of  these  two  pavements,  at  different  levels,  clearly  implies  some 
subsidence  previously  to  the  building  of  the  more  modem  temple  which 
had  rendered  it  necessary  to  construct  the  new  floor  at  a  higher  level. 

We  have  already  seen  (p.  512)  that  a  temple  of  Serapia  existed  long 
before  the  Christian  era.  The  change  of  level  just  mentioned  must  have 
taken  place  some  time  before  the  end  of  the  second  century,  for  inserip* 
tions  have  been  found  in  the  temple,  from  which  we  learn  that  Septimiua 
Severua  adorned  its  walls  with  precious  marbles,  between  the  yean  104 
and  211  of  our  era,  and  the  emperor  Alexander  Sevema  displayed  the 
like  munificence  between  the  years  222  and  2d6.f  From  that  era  there 
is  an  entire  dearth  of  historical  information  for  a  period  of  more  than 
twelve  centuries,  except  the  significant  fact  that  Alaric  and  his  Goths 
sacked  Puzzuoli  in  456,  and  that  Genseric  did  the  like  in  545,  a.  d.  Yet 
we  have  fortunately  a  series  of  natural  archives  selfrregistered  during  the 

♦  Berpvla  eotUfyrhudicatOy  Linn,  and  Vmnilia  triquetra,  Lapa.    These  specie^ 
as  well  as  the  LitKoaomuSj  are  now  inhabitants  of  the  neighboring  sea. 
t  Brieslak,  Yoy.  dana  la  Gampame,  torn.  IL  p.  167. 
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dark  ages,  bj  vhich  many  eyento  which  occurred  in  and  about  the  tem- 
ple are  reyealed  to  ua.  These  natural  records  consist  partly  of  depodtas, 
which  envelop  the  pillars  below  the  zone  of  lithodomous  peiforation8»  and 
partly  of  those  which  surround  the  outer  walls  of  the  tempk.  Mr. 
Babbage,  after  a  minute  examination  of  these,  has  shown  (see  p.  507,  note) 
that  incrustations  on  the  walls  of  the  exterior  chambers  and  on  the  fiocnr 
of  the  buildmg  demonstrate  that  the  pavement  did  not  sink  down  sud- 
denly, but  was  depressed  by  a  gradual  movement  The  sea  first  entered 
the  court' or  atrium  and  mingled  its  waters  partially  with  those  of  the 
hot  spring.  From  this  brackish  medium  a  dark  calcareous  precipitate 
(c  Cf  fig.  00)  was  thrown  down,  which  became,  m  the  course  of  time. 


T1»Ml 


Temple  of  Berapls  at  its  period  of  greateat  aapiMdoii. 


If  ft,  Ancient  moMio  peTement 
ecL  Dark  marine  incroBtatlon. 
da,  Flnt  mUng  vp,  ahower  of 


4  A  FraahwatBT  eatoaieoiis  depotft 
//  Second  filling  np. 
i,  Stadlun. 


more  than  two  feet  thick,  including  some  serpulse  in  it  The  presence  of 
these  annelids  teaches  us  that  the  water  was  salt  or  brackish.  After  this 
period  the  temple  was  filled  up  with  an  irregular  mass  of  volcanic  toff 
(d  d,  fig.  00),  probably  derived  from  an  eruption  of  the  neighboring 
crater  of  the  Solfatara,  to  the  height  of  from  five  to  nine  feet  above  the 
pavement.  Over  this  again  a  purely  freshwater  deposit  of  carbonate  of 
lime  (e  e,  fig.  00)  accumulated  with  an  uneven  bottom  ance  it  necessarily 
accommodated  itself  to  the  irregular  outline  of  the  upper  surface  of  the 
volcanic  shower  before  thrown  down.  The  top  of  the  same  depoat  (a 
freshwater  limestone)  was  perfectly  even  and  flat,  bespeaking  an  andent 
water  level.  It  is  suggested  by  Mr.  Babbage  that  this  freshwater  Jake 
may  have  been  caused  by  the  fall*  of  ashes  which  choked  up  the  chann^ 
previously  communicating  with  the  sea,  so  that  the  hot  spring  threw 
down  calcareous  matter  in  the  atrium,  without  any  marine  intermixture. 
To  the  freshwater  limestone  succeeded  another  irregular  mass  of  volcanic 
ashes  and  rubbish  (//,  fig.  00),  some  of  it  perhaps  washed  in  by  the 
waves  of  the  sea  during  a  storm,  its  surface  rising  to  ten  or  eleven  feet 
above  the  pavement.  And  thus  we  arrive  at  the  period  of  greatest 
depression  expressed  in  the  accompanying  diagram,  when  the  lower  half 
of  the  pillars  were  enveloped  in  the  deposits  above  enumerated,  and  the 
uppermost  twenty  feet  were  exposed  in  the  atmosphere,  the  remaining 
or  middle  portion,  about  nine  feet  long,  being  for  years  immersed  m  salt 
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water  and  driDed  by  perforating  biyalres.  After  this  period  other  strata^ 
consistmg  of  showers  of  yoleamo  ashes  and  materials  washed  in  during 
storms,  covered  up  the  pillars  to  the  height  in  some  places  of  thirty-five 
feet  above  the  pavement.  The  exact  time  when  these  enveloping  masses 
were  heaped  up,  and  how  much  of  them  were  formed  during  submer- 
gence, and  how  much  after  the  re-elevation  of  the  temple,  cannot  be 
made  out  with  certainty. 

The  period  of  deep  submergence  was  certamly  antecedent  to  the  close 
of  the  fifteenth  century.  Prc^essor  James  Forbes*  has  reminded  us  of 
a  passage  in  an  old  Italian  writer  Loffredo,  who  says  that  in  1680,  or 
fifty  years  before  he  wrote,  which  was  m  1580,  the  sea  washed  the  base 
of  the  hills  which  rise  from  the  flat  land  called  La  Staraa,  as  represented 
in  fig.  90,  so  that,  to  quote  his  words,  "  a  person  might  then  have  fished 
from  the  site  of  those  ruins  which  are  now  called  the  stadium"  (A, 
fig.  90). 

But  we  know  from  other  evidence  that  the  upward  movement  had 
begun  before  1580,  for  the  Canonico  Andrea  di  Jorio  cites  two  authen- 
tic documents  in  illustration  of  this  point  The  first,  dated  Oct.  1508, 
is  a  deed  written  in  Italian,  by  which  Ferdinand  and  Isabella  grant  to 
the  University  of  Puzzuoli  a  portion  of  land,  "  where  the  sea  is  drying 
up"  (che  va  seccando  el  mare) ;  the  second,  a  document  in  Latin,  dated 
Hay  28,  1511,  or  nearly  eight  years  after,  by  which  Ferdinand  grants 
to  the  city  a  certain  territory  around  Puzzuoli,  where  the  ground  Mc^nei 
up  from  the  sea  (desiccatum).f 

The  principal  elevation,  however,  of  the  low  tract  unquestionably  took 
place  at  the  time  of  the  great  eruption  of  Monte  Nuovo  in  1588.  That 
event  and  the  earthquakes  which  preceded  it  have  been  already  de- 
scribed (p.  868) ;  and  we  have  seen  that  two  of  the  eye-witnesses  of  the 
convulsion,  Falconi  and  Giacomo  di  Toledo,  agree  in  declaring  that  the 
sea  abandoned  a  considerable  tract  of  the  shore,  so  that  fish  were  taken 
by  the  inhabitants ;  and,  among  other  things,  Falconi  mentions  that  he 
saw  two  springs  in  the  newly  discovered  ruins. 

The  flat  land,  when  first  upnused,  must  have  been  more  extensive  than 
DOW,  for  the  sea  encroaches  somewhat  rapidly,  both  to  the  north  and 
southeast  of  Puzzuoli.  The  coast  had,  when  I  examined  it  in  1828,  given 
way  more  than  a  foot  in  a  twelvemonth ;  and  I  was  assured,  by  fisher- 
men in  the  bay,  that  it  has  lost  ground  near  Puzzuoli,  to  the  extent  of 
thirty  feet,  within  their  memory. 

It  is,  moreover,  very  probable  that  the  land  rose  to  a  grreater  height 
at  first  before  it  ceased  to  move  upwards,  than  the  level  at  which  it  was 
observed  to  stand  when  the  temple  was  rediscovered  in  1749,  for  we 
learn  from  a  memoir  of  Niccolini,  published  in  1838,  that  since  the  be- 
ginning of  the  nineteenth  century,  the  temple  of  Serapis  has  subsided 
more  than  two  feet.  That  learned  architect  visited  the  ruins  frequently, 
for  the  sake  of  making  drawings,  in  the  beginning  of  the  year  1807,  and 

*  Sd  Joorn.  of  Science,  new  series^  Na  IL  y.  281. 
t  Sol  Tempio  di  Serap.  ch.  viil 
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iras  in  the  heiii  of  remaining  tliere  tbroughout  the  day,  yet  never  saw 
the  pavement  overflowed  by  the  sea,  except  Qcca»onally  when  the  south 
wiad  blew  violently.  On  his  return,  ^teep  years  after,  to  suptsrintend 
some  excavations  ordered  by  the  king  of  Naples,  he  found  the  pavement 
covered  by  sea-water  twioe  eveiy  day  at  high  tide,  so  that  he  was 
obliged  to  place  there  a  line  of  stones  to  stand  upon.  This  bduced  him 
to  make  a  series  of  observations  from  Oct.  1822  to  July  1838,  by  which 
means  he  ascertained  that  the  ground  had  been  and  was  sinking,  at  the 
average  rate  of  about  seven  millimetres  a  year,  or  about  one  inch  in  four 
years;  so  that,  in  1838,  fish  were  caught  every  day  on  that  part  of  the 
pavement  wh«re,  in  1807,  there  waa  never  a  drop  of  water  in  calm 
weather.* 

On  inquiring  still  more  recently  as  to  the  condition  of  the  temple  and 
the  continuance  of  the  sinking  of  the  ground,  I  learn  from  Signor 
Scaccbi  in  a  letter,  dated  June  1852,  that  the  downward  movement  has 
ceased  for  several  years,  or  has  at  least  become  almost  inappreciable. 
During  an  examination  undertaken  by  him  at  my  request  in  the  summer 
of  that  year  (1852),  he  observed  that  the  rising  tide  spread  first  over  the 
seaward  side  of  the  flat  surface  of  the  pedestals  of  each  column  (con- 
firming the  fact  previously  noticed  by  others,  that  they  are  out  oi  the 
perpendicular) ;  and  he  also  remarked  l^at  the  water  gained  unequally 
on  the  base  of  each  pillar,  in  such  a  manner  as  to  prove  that  they  have 
neither  the  same  amount  of  inclinaticm,  nor  lean  precisely  in  the  same 
direction. 

From  what  was  said  before  (p.  510),  we  saw  that  the  marine  shells 
in  the  strata  forming  the  plam  called  La  Starza,  considered  separately, 
establish  the  fact  of  an  uphiBaval  of  the  ground  to  the  height  of  twenty- 
three  feet  and  upwards.  The  temple  proves  much  more,  because  it 
could  not  have  been  built  originally  tmder  water,  and  must  therefore 
first  have  sunk  down  twenty  feet  at  least  below  the  waves,  to  be  after- 
wards restored  to  its  ori^nal  position.  Yet  if  such  was  the  order  of 
events  we  ought  to  meet  with  other  independent  signs  of  a  like  subsi- 
dence round  the  margm  of  a  bay  once  so  studded  with  buildings  as  the 
Bay  of  Baise.  Accordingly  memorials  of  such  submergence  are  not 
wanting.  About  a  mile  northwest  ci  the  temple  of  Serapis,  and  about 
£00  feet  from  the  shore,  are  the  rums  of  a  temple  of  Neptune  and  others 
of  a  temple  of  the  Nymphs,  now  under  water.  The  columns  of  the 
former  edifice  stand  erect  in  five  feet  water,  their  upper  po^ons  just 
rising  to  the  surface  of  the  sea.  The  pedestals  are  doubtless  buried  in 
the  sand  or  mud ;  so  that,  if  this  part  of  the  bottom  of  the  bay  should 
hereafter  be  elevated,  the  exhumation  of  these  temples  might  take  place 
i^ter  the  manner  of  that  of  Serapb.  Both  these  buildings  probably  par- 
ticipated in  the  movement  which  raised  the  Staraa ;  but  either  they  were 
deeper  under  water  than  the  temple  of  Serapis,  or  they  were  not  raised 

*  Tavola  Metrica  ChroQologica,  4fca  Napoli,  1888.*  Mr.  Smith,  of  Jordan  Hili 
writing  in  1847,  estimated  the  rate  of  subaideooei  at  that  period,  at  one  inch  an* 
nualljr.    Quart.  Joura  GeoL  Soc.  vol  ia  p.  287. 
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up  again  to  so  great  a  height.  There  are  also  two  Roman  roads  under 
water  in  the  baj,  one  reaching  from  Pnzzuoli  to  the  Lacrine  Lake,  which 
may  still  be  seen,  and  the  other  near  the  castle  of  Baise  (No.  8,  fig.  88, 
p.  609).  The  ancient  mole,  too,  of  Puzzuoli  (No.  4,  ibid.)  before  alluded 
to,  has  the  water  np  to  a  considerable  height  of  the  arches ;  whereas 
Brieslak  justly  observes,  it  is  next  to  certain  that  the  piers  must  formerly 
have  reached  the  surface  before  the  springing  of  the  arches  ;*  so  that, 
although  the  phenomena  before  described  prove  that  this  mole  has  been 
uplifted  ten  feet  above  the  level  at  which  it  once  stood,  it  is  still  evident 
that  it  has  not  yet  been  restored  to  its  original  position. 

A  modem  writer  also  reminds  us,  that  these  effects  are  not  so  local 
as  some  would  have  us  to  believe ;  for  on  the  opposite  side  of  the  Bay 
of  Naples,  on  the  Sorrentine  coast,  which,  as  well  as  Puzsuoli,  is  sub- 
ject to  earthquakes,  a  road,  with  some  fragments  of  Roman  buildings, 
is  covered  to  some  depth  by  the  sea.  In  the  island  of  Capri,  also, 
which  is  situated  some  way  out  at  sea,  in  the  openbg  of  the  Bay  of 
Naples,  one  of  the  palaces  of  Tiberius  is  now  covered  with  water.f 

That  buildings  should  have  been  submerged,  and  afterwards  up- 
heaved, without  bemg  entirely  reduced  to  a  heap  of  ruins,  will  appear 
no  anomaly,  when  we  recollect  that,  in  the  year  1819,  when  the  delta 
of  the  Indus  sank  down,  the  houses  within  the  fort  of  Sindree  subsided 
beneath  the  waves  without  being  overthrown.  In  like  manner,  in  the 
year  1692,  the  bmldings  round  the  harbor  of  Port  Royal,  in  Jamaica^ 
descended  suddenly  to  the  depth  of  between  thirty  and  fifty  feet  under 
the  sea  without  falling.  Even  on  small  portions  of  land  transported  to 
a  distance  of  a  mile  down  a  declivity,  tenements,  like  those  near  Mileto, 
in  Calabria,  were  carried  entire.  At  Valparaiso  buildings  were  left 
standing  in  1822,  when  their  foundations,  together  with  a  long  tract  of 
the  Chilian  coast,  were  permanently  upraised  to  the  height  of  several 
feet.  It  is  still  more  easy  to  conceive  that  an  edifice  may  escape  fallmg 
during  the  upheaval  or  subsidence  of  land,  if  the  walls  are  supported 
on  the  exterior  and  interior  with  a  deposit  like  that  which  surrounded 
and  filled  to  the  height  of  ten  or  eleven  feet  the  temple  of  Serapis  all 
the  time  it  was  sinking,  and  which  enveloped  it  to  more  than  twice 
that  height  when  it  was  rising  again  to  its  original  level. 

We  can  scarcely  avoid  the  conclusion,  as  Mr.  Babbage  has  hinted, 
*'  that  the  action  of  heat  is  in  some  way  or  other  the  cause  of  the  phe- 
nomena of  the  change  of  level  of  the  temple.  Its  own  hot  spring,  its 
immediate  contiguity  to  the  Solfatara,  its  nearness  to  the  Monto  Nuovo, 
the  hot  spring  at  the  baths  of  Nero  (No.  6,  fig.  88),  on  the  opposite 
side  of  the  Bay  of  Baise ;  the  boiling  springs  and  ancient  volcanoes  of 
Ischia  on  one  side  and  Vesuvius  on  the  other,  are  the  most  prominent 

*  Voy.  dans  la  Campanie,  tome  ii.  p.  162.  . 

f  Mr.  Forbes,  Physical  Notices  of  the  Bay  of  Naples.  Ed,  Joum.  of  Sci.,  Na 
II.,  new  series,  p.  280.  October,  182t.  When  I  visited  Pnunoli,  and  »"'»^®2  *J 
the  above  conclasions,  I  knew  nothing  of  Mr.  Forbes's  observations,  which  X  first 
aaw  on  my  return  to  England  the  year  following. 
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of  a  multitude  of  facts  which  point  to  that  concluaon.'**  And  when 
we  reflect  on  the  dates  of  the  principal  oscillations  of  lerel,  and  the 
Tolcanic  history  of  the  country  before  described  (chap.  23),  we  seem  to 
discover  a  connection  between  each  era  of  upheaval  and  a  local  devel- 
opment of  volcanic  heat,  and  again  between  each  era  of  depressicHi  and 
the  local  quiescence  or  dormant  condition  of  the  subterranean  igneous 
causes.  Thus  for  example,  before  the  Christian  era,  when  so  ma&j 
vents  were  in  frequent  eruption  in  Ischia,  and  when  Avemus  and  other 
points  in  the  Phlegroean  Fields  were  celebrated  for  their  volcanic  aspect 
and  character^  the  ground  on  which  the  temple  stood  was  several  feet 
above  water.  Vesuvius  was  then  regarded  as  a  spent  volcano ;  but 
when,  after  the  Christian  era,  the  fires  of  that  mountain  were  rekindled, 
scarcely  a  single  outburst  was  ever  witnessed  in  Ischia,  or  around  the 
Bay  of  Baise.  Then  the  temple  was  sinking.  Vesuvius,  at  a  subsequ^t 
period,  became  nearly  dormant  for  five  centuries  preceding  the  great 
outbreak  of  1631  (see  p.  874),  and  in  that  interval  the  Solfatara  was 
in  eruption  a.  d.  1198,  Ischia  in  1302,  and  Monte  Nuovo  was  formed  in 
1538.  Then  the  foundations  on  which  the  temple  stood  were  riang 
again.  Lastly,  Vesuvius  once  more  became  a  most  active  vent,  and  has 
been  so  ever  since,  and  during  the  same  lapse  of  time  the  area  of  the 
temple,  so  far  as  we  know  any  thing  of  its  history,  has  been  subsiding. 

These  phenomena  would  agree  well  with  the  hypothesis,  that  when 
the  subterranean  heat  is  on  the  increase,  and  when  lava  is  forming 
without  obtaining  an  easy  vent,  like  that  afforded  by  a  great  habitual 
chimney,  such  as  Vesuvius,  the  incumbent  surface  is  uplifted ;  but  when 
the  heated  rocks  below  are  cooling  and  contracting,  and  sheets  of  lava 
are  slowly  consolidating  and  diminishing  in  volume,  then  the  incumbent 
land  subsides. 

Signor  Niccolini,  when  he  ascertmned  in  1838  that  the  relative  levels 
of  the  floor  of  the  temple  and  of  the  sea  were  slowly  changing  frcrai 
year  to  year,  embraced  the  opinion  that  it  was  the  sea  which  was  rising. 
But  Signor  Capocci  successfully  controverted  this  view,  appealing  to 
many  appearances  which  attest  the  local  character  of  the  movements  of 
the  adjoining  country,  besides  the  historical  fact  that  in  1538,  when 
the  sea  retired  permanently  200  yards  from  the  ancient  shore  at  Puz- 
zuoli,  there  was  no  simultaneous  retreat  of  the  waters  from  Naples, 
Castelamare,  and  Ischia.f 

Permanence  of  the  ocean*s  level. — ^In  concluding  this  subject  I  may 
observe,  that  the  interminable  controversies  to  which  the  phenomena  of 
the  Bay  of  Baiee  gave  rise,  have  sprung  from  an  extreme  reluctance  to 
admit  that  the  land,  rather  than  the  sea,  is  subject  alternately  to  rise 
and  fall.  Had  it  been  assumed  that  the  level  of  the  ocean  was  invaria- 
ble, on  the  ground  that  no  fluctuations  have  as  yet  been  clearly  estab- 
lished, and  that,  on  the  other  hand,  the  continents  are  inconstant  in 

*  Quart.  Jouro.  Geol.  Soa  1847,  vol.  iii.  p.  208. 
f  Nuove  Ricerche  buI  Temp,  di  Scrap. 
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tlieir  level,  as  has  been  demonstrated  by  the  most  unequivocal  proofs 
again  and  again,  from  the  time  of  Strabo  to  our  own  times,  the  appear- 
ances of  the  temple  atPuzzuoli  could  never  have  been  r^rarded  as 
enigmatical  Even  if  contemporary  accounts  had  not  distinctly  attested 
the  upraising  of  the  coast»  this  explanation  should  have  been  proposed  m 
the  first  instance  as  the  most  natural,  instead  of  being  now  adopted 
unwillingly  when  all  others  have  failed. 

To  the  strong  prejudices  still  existing  m  regard  to  the  mobility  of  the 
land,  we  may  attribute  the  rarity  of  such  discoveries  as  have  been  re- 
cently brought  to  light  in  the  Bay  of  Bai»  and  the  Bay  of  Conception. 
A  false  theory,  it  is  well  known,  may  render  us  blind  to  facts  which  are 
opposed  to  our  prepossessions,  or  may  conceal  from  us  their  true  im- 
port when  we  b^old  them.  But  it  is  ^ime  that  the  geologist  should,  in 
some  degree,  overcome  those  first  and  natural  impressions,  which  induced 
the  poets  of  old  to  select  the  rock  as  the  emblem  of  firmness — the  sea 
as  the  image  of  inconstancy.  Our  modem  poet,  in  a  more  philosophical 
spirit,  saw  in  the  sea  "  The  image  of  eternity,"  and  has  finely  contrasted 
the  fleeting  existence  of  the  successive  empires  which  have  flourished  and 
fallen  on  the  borders  of  the  ocean  with  its  own  unchanged  stability. 

^-^—  Tbair  decay 

Has  dried  up  reahns  to  deserte^-not  so  thon, 

Uncfaangeable,  aave  to  thy  wild  wave's  play : 

Time  writes  no  wrinkle  on  thine  azure  brow ; 

Siieh  as  ereatioo'a  dawn  beheld,  thon  roUest  now. 

Childb  Habold,  Canto  iv. 


CHAPTER  XXX. 


BUEVATIOK   AND   8TTB8IDSNCS   OF  LAND   WTTBOITT  EARTHQUAKES. 

Changes  in  the  relative  level  of  land  and  sea  in  regions  not  yolcanio— Opinion  of 
Celsius  that  the  waters  of  the  Baltic  Sea  and  Northern  Ocean  were  sinkings — 
Objections  raised  to  his  opinion — Proofii  of  the  stability  of  the  sea  level  in  the 
Baltio— Plajfiur's  hypothesis  that  the  land  was  rising  in  Sweden— Opinion  ot 
Yon  Buch— Marks  cut  on  the  rooks — Survey  of  these  in  1820^Facility  of  de- 
tecting slight  alterations  of  level  on  coast  of  Sweden — Shores  of  the  ocean  also 
rising — Area  upheaved — Shelly  deposits  of  Uddevalla — Of  Stockholm,  contain- 
ing fossil  shells  characteristic  of  the  Baltic — Subsidence  in  south  of  Sweden — 
Fishing-hut  buried  under  marine  strata— Upheaval  in  Sweden  not  always  in 
horizontal  planes-— Sinking  of  land  in  Greenland — ^Bearing  of  these  facts  on 
geology. 

We  have  now  considered  the  phenomena  of  volcanoes  and  earthquakes 
according  to  the  division  of  the  subject  before  proposed  (p.  345),  and 
have  next  to  turn  our  attention  to  those  slow  and  insensible  changes  in 
the  relative  level  of  land  and  sea  which  take  place  in  countries  remote 
from  volcanoes,  and  where  no  violent  earthquakes  have  occurred  within 
the  period  of  human  observation.    Early  in  the  last  century  the  Swedish 
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naturalist,  Celsius,  expressed  his  opinion  that  the  waters,  both  of  the 
Baltic  and  Northern  Ocean,  were  gradually  subsiding.  From  numerous 
observations,  he'  inferred  that  the  tate  of  depression  was  about  §[ty 
Swedish  inches  in  a  century.*  In  support  of  this  position,  he  alleged 
that  there  were  many  zocks  both  on  the  shores  of  the  Baltic  and  the 
ocean  known  to  have  been  once  sunken  reefe,  and  dangerous  to  nav^a- 
tors,  but  which  were  in  his  time  above  water — ^that  the  waters  of  the 
Gulf  of  Bothnia  had  been  gradually  converted  into  land,  several  andent 
ports  having  been  changed  into  inland  cities,  small  islands  jmned  to  the 
continent,  and  old  fishing-grounds  deserted  as  being  too  shallow,  or  en- 
tirely dried  up.  Celsius  also  maintained,  that  the  evidence  of  the  change 
rested  not  only  on  modem  observations,  but  on  the  authority  of  the 
ancient  geographers,  who  had  stated  that  Scandinavia  was  formerly  an 
island.  This  island,  he  argued,  must  in  the  course  of  centuries,  by  the 
gradual  retreat  of  the  sea,  have  become  connected  with  the  continent; 
an  event  which  he  supposed  to  have  happened  after  the  time  of  Pliny» 
and  before  the  ninth  century  of  our  era. 

To  this  argument  it  was  objected  that  the  ancients  were  so  ignonmt 
of  the  geography  of  the  most  northern  parts  of  Europe,  that  their  au* 
thority  was  entitled  to  no  weight ;  and  that  their  representation  of  Scan- 
dinavia  as  an  island,  might  with  more  propriety  be  adduced  to  prove 
the  scantiness  of  their  information,  than  to  confirm  so  bold  an  hypoth- 
esb.  It  was  also  remarked  that  if  the  land  which  connected  Scan- 
dinavia with  the  main  continent  was  laid  dry  between  the  time  of  Pliny 
and  the  ninth  century,  to  the  extent  to  which  it  is  known  to  have  risen 
above  the  sea  at  the  latter  period,  the  rate  of  depression  could  not  have 
been  uniform,  as  was  pretended  ;  for  it  ought  to  have  fallen  much  more 
rapidly  between  the  ninth  and  eighteenth  centuries. 

Many  of  the  proofs  relied  on  by  Celsius  and  his  followers  were  im- 
mediately controverted  by  several  philosophers,  who  saw  clearly  ihat  a 
fall  of  the  sea  in  any  one  region  could  not  take  place  without  a  general 
sinking  of  the  waters  over  the  whole  globe :  they  denied  that  this  was 
the  fact,  or  that  the  depression  was  universal,  even  in  the  Baltic.  In 
proof  of  the  stability  of  the  level  of  that  sea,  they  appealed  to  the  posi- 
tion of  the  island  of  Saltholm,  not  far  from  Copenhagen.  This  island  b 
so  low,  that  in  autumn  and  winter  it  is  permanently  overflowed ;  and  it 
is  only  dry  in  summer,  when  it  serves  for  pasturing  cattle.  It  appears, 
from  the  documents  of  the  year  1280,  that  Saltholm  was  then  also  in 
the  same  state,  and  exactly  on  a  level  with  the  mean  height  of  the  sea, 
instead  of  having  been  about  twenty  feet  under  water,  as  it  ought  to 
have  been,  accordmg  to  th^  computation  of  Celsius.  Several  towns,  also, 
on  the  shores  of  the  Baltic,  as  Lubeck,  Wismar,  Rostock,  Stralsund,  and 
others,  after  six  and  even  eight  hundred  years,  are  as  little  elevated 
above  the  sea  as  at  the  era  of  their  foundation,  being  now  close  to  the 
water's  edge.    The  lowest  part  of  Dantac  was  no  higher  than  the  mean 

*  The  Swedish  measure  scarcely  differs  from  oors ;  the  foot  being  divided  into 
twelve  inches,  and  being  less  than  ours  by  three-eighths  of  an  indb  ooly. 
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level  of  the  sea  in  the  year  1000 ;  and  after  eight  centuries  its  relative 
position  remains  exactly  the  same.* 

Several  of  the  examples  of  the  gain  of  land  and  shallowing  of  the  sea 
pointed  out  by  Celsius,  and  afterwards  by  Linnaeus,  who  embraced  the 
same  opimons,  were  ascribed  by  others  to  the  deposition  of  sediment  at 
points  where  rivers  entered ;  and,  undoubtedly,  Celsius  had  not  suffi- 
ciently distinguished  between  changes  due  to  these  causes  and  such  as 
would  arise  if  the  waters  of  the  ocean  itself  were  dimmishing.  Many 
large  rivers  descending  from  a  mountainous  country,  at  the  head  of  the 
Otdf  of  Bothnia,  enter  the  sea  charged  with  sand,  mud,  and  pebbles ; 
and  it  was  said  that  in  these  places  the  low  land  had  advanced  rapidly, 
especially  near  Tomeo.  At  Piteo  also,  half  a  mile  had  been  gained  in 
forty-five  years ;  at  Luleo,f  no  less  than  a  mile  m  twenty-eight  years ; 
facts  which  might  all  be  admitted  consistently  with  the  assumption  that 
the  level  of  the  Baltic  has  remained  unchanged,  like  that  of  the  Adriatic, 
during  a  period  when  the  plains  of  the  Po  and  the  Adige  have  greatly 
extended  their  area. 

It  was  also  alleged  that  certdh  insular  rocks,  once  entirely  covered 
with  water,  had  at  length  protruded  themselves  above  the  waves,  and 
grown,  in  the  course  of  a  century  and  a  half,  to  be  eight  feet  high. 
The  following  attempt  was  made  to  explun  away  this  phenomenon : — 
In  the  Baltic,  large  erratic  blocks,  as  well  as  sand  and  smaller  stones 
which  lie  on  shoals,  are  liable  every  year  to  be  frozen  into  the  ice,  where 
the  sea  freezes  to  the  depth  of  five  or  six  feet.  On  the  melting  of  the 
snow  in  spring,  when  the  sea  rises  about  half  a  fathom,  numerous  ice- 
islands  float  away,  bearing  up  these  rocky  fragments  so  as  to  convey 
them  to  a  distance ;  and  if  they  are  driven  by  the  waves  upon  shoals, 
they  may  convert  them  into  islands  by  depositing  the  blocks ;  if  stranded 
upon  low  islands,  they  may  considerably  augment  their  height. 

Browallius,  also,  and  some  other  Swedish  naturalists,  affirmed  that 
some  islands  were  lower  than  formerly ;  and  that,  by  reference  to  this 
kind  of  evidence,  there  was  equally  good  reason  for  contendmg  that  the 
level  of  the  Baltic  was  gradually  rising.  They  also  added  another 
curious  proof  of  the  permanency  of  the  water  level,  at  some  points  at 
least,  for  many  centuries.  On  the  Finland  coast  were  some  large  pmes, 
growing  close  to  the  water's  edge ;  these  were  cut  down,  and,  by 
counting  the  concentric  rings  of  annual  growth,  as  seen  in  a  transverse 
section  of  the  trunk,  it  was  demonstrated  that  they  had  stood  there  for 
four  hundred  years.  Now,  according  to  the  Celsian  hypothesis,  the 
sea  had  sunk  about  fifteen  feet  during  that  period,  in  which  case  the 
germmation  and  early  growth  of  these  pines  must  have  been,  for  many 
seasons,  below  the  level  of  the  water.  In  like  manner  it  was  asserted, 
that  the  lower  walls  of  many  ancient  castles,  such  as  those  of  Sonder- 

♦  For  a  full  aoeonnt  of  the  C^laian  controversy,  we  may  refer  our  readen  to 
VoQ  Hofl^  Geschichte,  4a  vol  I  p  489. 

t  Piteo,  Loleo,  and  Oho  are  spelt^  in  many  English,  maps,  Pitea,  Lulea,  Aho; 
the  a  IB  not  rounded  In  the  Swedish  diphthong  aoot  a. 
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burg  and  Abo,  reached  then  to  the  water's  edge,  and  inust»  therefore* 
according  to  tl^e  theory  of  Celsius,  have  been  originally  constructed 
below  the  level  of  the  sea. 

In  reply  to  this  last  argument,  Colonel  HftUstrom,  a  Swedish  engi- 
neer, well  acquainted  with  the  Finland  coast,  assured  me,  that  the  base 
of  the  wallo  of  the  castle  of  Abo  is  now  ten  feet  above  the  water,  so 
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that  there  may  hare  been  a  conaiderable  rise  of  the  land  at  that  point 
since  the  building  was  erected. 

Playfair,  in  his  "  Illnstrations  of  the  Huttonian  Theory/'  m  1802» 
admitted  the  sufficiency  of  the  proofs  adduced  by  Celsius,  but  attributed 
the  change  of  level  to  the  morement  of  the  land,  rather  than  to  a 
diminution  of  the  waters.  He  observed,  "  that  in  order  to  depress  or 
elevate  the  absolute  level  of  the  sea,  by  a  given  quantity,  in  any  one 
place,  we  must  depress  or  elevate  it  by  the  same  quantity  over  the 
whole  surface  of  the  earth ;  whereas  no  such  necessity  exists  with  re- 
spect to  the  elevation  or  depression  of  the  land."*  The  hypothesis  of 
the  rising  of  the  land  he  adds,  "  agrees  well  with  the  Huttonian  theory, 
which  holds,  that  our  continents  are  subject  to  be  acted  upon  by  the  ex- 
pansive forces  of  the  mineral  regions ;  that  by  these  forces  they  have  been 
actually  raised  up,  and  are  sustained  by  them  in  their  present  situation.f 

In  the  year  1807,  Yon  Buch,  after  returning  from  a  tour  in  Scan- 
dinavia, announced  his  conviction,  "  that  the  whole  country,  from  Fred- 
erickshall  in  Norway  to  Abo  in  Fmland,  and  perhaps  as  far  as  St. 
Petersburgh,  was  slowly  and  insensibly  rising."  He  also  suggested 
*'  that  Sweden  may  rise  more  than  Norway,  and  the  northern  more  than 
the  southern  part."|  He  was  led  to  these  conclusions  principally  by 
information  obtained  from  the  inhabitants  and  pilots,  and  in  part  by  the 
occurrence  of  marine  shells  of  recent  species,  which  he  had  found  at 
several  points  on  the  coast  of  Norway  above  the  level  of  the  sea.  He 
also  mentions  the  marks  set  on  the  rocks.  Yon  Buch,  therefore,  has  the 
merit  of  being  the  first  geologist  who,  after  a  peiBonal  examination  of  the 
evidence,  declared  in  favor  of  the  rise  of  land  in  Scandinavia. 

The  attention  excited  by  this  subject  in  the  early  part  of  the  last 
century,  induced  many  philosophers  in  Sweden  to  endeavor  to  deter- 
mine, by  accurate  observations,  whether  the  standard  level  of  the  Baltic 
was  really  subject  to  periodical  variations ;  and  under  their  direction, 
lines  or  grooves,  indicating  the  ordinary  level  of  the  water  on  a  calm 
day,  together  with  the  date  of  the  year,  were  chiselled  out  upon  the 
rocks.  In  1820-21,  all  the  marks  made  before  those  years  were  ex- 
amined by  the  officers  of  the  pilotage  establishment  of  Sweden ;  and  in 
their  report  to  the  Royal  Academy  of  Stockholm  they  declared,  that 
on  comparing  the  level  of  the  sea  at  the  time  of  their  observations  with 
that  indicated  by  the  ancient  marks,  they  found  that  the  Baltic  was 
lower  relatively  to  the  land  in  certain  places,  but  the  amotmt  of  change 
during  equal  periods  of  time  had  not  been  everywhere  the  same.  Dur- 
ing their  survey,  they  cut  new  marks  for  the  guidance  of  future  ob- 
servers, several  of  which  I  had  an  opportunity  of  examining  fourteen 
years  after  (in  the  summer  of  1834),  and  in  that  interval  the  land  ap- 
peared to  me  to  have  risen  at  certain  places  north  of  Stockholm  four 
or  five  inches,  I  also  convinced  myself,  daring  my  visit  to  Sweden, 
after  conversing  with  many  civil  engineers,  pilots,  and  fishermen,  and 

♦  Sect  898.  t  Sect  898.  J  TraiuL  of  hiB  Tr»veto,  p.  887, 
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after  examining  some  of  the  ancient  mailcB,  that  the  evidence  formerly 
adduced  in  favor  of  the  change  of  level,  both  on  the  coasts  of  Sweden 
and  Finland,  was  fiill  and  satisfactory;*  The  alteration  of  level  evi- 
dently diminishes  as  w^  proceed  from  the  northern  parts  of  the  Golf  of 
Bothnia  towards  the  south,  being  veiy  slight  around  Stockholm.  Some 
writers  have  indeed  represented  the  rate  of  depression  of  the  waters  at 
Stocldiolm  as  very  considerable,  beciiuse  certain  houses  in  that  city 
wkch  are  built  on  piles  have  sunk  down  within  the  memory  of  persons 
stiL  living,  so  as  to  be  out  of  the  perptodicular ;  and  this  in  conse- 
quence of  the  tops  of  the  piles  giving  way  and  decaying,  owhig  to  a  fall 
of  the  waters  which  has  exposed  them  to  be  alternately  wet  and  dry. 
The  houses  alluded  to  are  situated  on  the  borders  of  Lake  Maeler,  a 
large  lake,  the  outlet  of  which  jdn6  the  Baltic,  in  the  middle  of  Stock- 
holm. This  lake  is'  certainly  lower  than  formerly ;  but  the  principal 
cause  of  the  change  is  not  the  elevation  of  the  land,  but  the  removal  of 
two  old  bridges  built  on  piles,  which  formerly  obstnicted  the  disehaige 
of  the  fresh  water  into  the  sea.  Another  cause  is  the  opening,  in  the 
year  1819,  of  a  new  canal  at  SOdertelje,  a  place  south  of  Stockholm,  by 
means  of  which  a  new  line  of  communication  was  formed  between  Lake 
Maeler  and  the  Baltic.f 

It  will  naturally  be  asked,  whether  the  mean  level  of  a  sea  like  the 
Baltic  can  ever  be  determined  so  exactly  as  to  permit  us  to  appreciate 
a  variation  of  level,  amounting  only  to  one  or  two  feet.  In  reply,  I 
may  observe,  that,  except  near  the  Cattegat,  there  are  no  tides  in  the 
Baltic ;  and  it  ia  only  v^en  particular  winds  have  prevailed  for  several 
days  in  succession,  or  at  cert^n  seasons  when  there  has  been  an  tm- 
usually  abundant  influx  of  river  water,  or  when  these  causes  have  com- 
bined, that  this  sea  is  made  to  rise  two  or  three  feet  above  its  standard 
level.  The  fluctuations  due  to  these  causes  are  nearly  the  same  from 
year  to  year;  so  that  the  pilots  and  fishermen  believe  and  apparently 
with  reason,  that  they  can  mark  a  deviation,  even  of  a  few  inches,  from 
the  ordinary  or  mean  height  of  the  waters. 

There  are,  moreover,  peculiarities  in  the  configuration  of  the  shores 
of  Norway  and  Sweden,  which  facilitate  in  a  remarkable  degree  the 
appreciation  of  slight  changes  in  the  relative  level  of  land  and  water. 
It  has  often  been  said,  that  there  are  two  coasts,  an  inner  and  an 
outer  one ;  the  inner  being  the  shore  of  the  miun  land ;  the  outer 
one,  a  fringe  of  countless  rocky  islands  of  all  dimensions,  called  the 
skSLr  {skair).  Boats  and  small  vessels  make  their  coasting  voyages 
within  this  sk&r :  for  here  they  may  sail  in  smooth  water,  even  when 
the  sea  without  is  strongly  agitated.     But  the  navigation  is  very  intri- 

*  Id  the  earUer  editiona  I  expressed  many  doubts  as  to  the  validity  of  the 
})roo&  of  a  gradual  rise  of  land  in  Sweden.  A  detailed  statement  of  the  observft- 
tioDs  which  I  made  in  1884,  and  which  led  me  to  change  mj  opinion,  wiU  be 
found  in  the  Philosophical  Transactions  for  1885,  part  L 

+  See  Professor  Johnston's  Paper,  Ed.  New  PhiL  Joum.  No.  29,  July  1SS8 ; 
and  my  remarks,  PhiL  Trans.  1885,  p.  12. 
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cate,  and  the  pilot  must  possess  a  perfect  acquainta«oe  with  the  breadth 
and  depth  of  every  narrow  chaonel,  and  the  portion  of  innumeraUe 
sunken  rocks.  If  on  such  a  coast  the  land  rises  one  or  two  feet  in  the 
course  of  half  a  century,  the  minute  topography,  of  th^  skav  is  entirely 
altered.  To  a  stranger,  indeed,  who  revisits  it  aifter  an  interval  of  many 
years,  its  general  aspect  remains  the  same ;  l^ut  the  idiabitant  finds 
that  he  can  no  longer  penetrate  with  his  boat  through  channels  where 
he  formerly  passed,  and  he  can  tell  of  countless  other  changes  in  the 
height  and  breadth  of.  isolated  rocks^  now  expose^*  but  onee  only  veen 
through  the  clear  water. 

The  rocks  of  gneiss,  mica-schist,  and  quarts  are  usually  veiy  hard  on 
this  coast,  slow  to  decompose^  and,  when  protected  from  the  breakers^ 
remainii^g  for  ages  unaltered  in  their  form.  Hence  it  is  easy  to  mark 
the  stages  of  thehr  progressive  eme3:gence  by  the  aid  of  natural  and  arti-^ 
ficial  marks  imprinted  on  them.  Besides,  the  summits  of  Jixed  rocks^ 
there  are  numerous  erratic  blocks  of  vast  size  jstrewed  over  the  shoals 
and  islands  in  the  skar,  which  have  been  probably  drifted  by  ice  in.  the 
manner  before  suggested.*  All  these  are  observed  .to  have  increased 
in  height  and  dimenaon  with  the  last  half  qentury.  Some,  which  were 
formerly  known  as  dangerous  sunken  rocks,  are  now  only  hidden  when 
the  water  is  behest.  On  their  first  appearance,  they  usually  present  a 
smooth,  bare,  rounded  protuberance,  a  feiv^feet  or  yards  in  diameter ; 
and  a  single  sea-gull  often  appropriates  to  itself  the  restiog-place,  re- 
sorting there  to  devour  its  prey.  Similar  poihts,  in  the  mean  time,  have 
grown  to  long  reefSs,  and  are  constantly  whitened  by  a  multitude  of  sea- 
fowl  ;  while  others  have  been  changed  from  a  reef,  annually  submei^ged, 
to  a  small  islet,  on  which  a  few  lichens,  a  fir-seedling,  and  a  few  blades 
of  grass,  attest  that  the  shoal  has  at  length  been  fairly  changed  into  dry 
land.  Thousands  of  wooded  islands  around  show  the  great  alterations 
which  time  can  work.  .  In  the  course  of  centuries  also,  the  spaces  inter- 
vening between  the  existing  islands  m^y  be  Imd  dry,  and  become  grassy 
plains  encircled  by  heights  well  clothed  with  lofty  firs.  This  last  step 
of  the  process,  by  which  long  fiords  and  narrow  channels,  once  separating 
wooded  islands,  are  deserted  by  the  sea,  has  been  exemplified  within  the 
memory  of  living  witnesses  on  several  parts  of  the  coast. 

Had  the  apparent  fall  of  the  waters  been  observed  in  the  Baltic  only, 
we  might  have  endeavored  to  exphun  the  phenomenon  by  local  causes 
afiectiog  that  sea  alone.  For  mstance,  the  channel  by  which  the  Baltic 
discharges  its  surplus  waters  into  the  Atlantic,  might  be  supposed  to 
have  been  gradually  widened  and  deepened  by  the  waves  and  currents, 
in  which  case  a  faJl  of  the  water  like  that  before  alluded  to  in  Lake 
Maeler,  might  have  occurred.  But  the  lowering  of  level  would  in  that 
case  have  been  uniform  and  universal,  and  the  waters  could  not  have 
sunk  at  Tomeo,  while  they  retained  their  former  level  at  Copenhagen. 
Such  an  explanation  is  also  untenable  on  other  grounds ;  for  it  is  a  fact^ 


*  See  pc  622 ;  also  chap.  15,  tupra. 
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as  Celsiius  long  ago  aflinned,  that  the  alteration  of  lerd  extends  to  the 
western  shores  of  Sweden,  bordering  the  ocean.  The  signs  of  elevatioD 
observed  between  Uddeyalla  and  Gothenbni^  are  as  well  established  as 
those  on  the  shores  of  the  Bothnian  Gnlf.  Among  the  places  where 
they  may  be  studied,  are  the  islands  of  Marstrand  and  Gidholmen,  the 
last-mentioned  locality  being  one  of  those  partienlarly  pointed  out  by 
Celsius. 

The  inhabitants  there  and  elsewhere  affirm,  that  the  rate  of  the  sink- 
ing of  the  sea  (or  eleration  of  land)  Taries  in  different  and  adjoinmg  dis- 
tricts, being  greatest  at  points  where  the  land  is  low.  Bat  in  this  they 
are  deceived ;  for  they  measure  the  amount  of  nse  by  the  area  gained, 
which  is  most  considerable  where  the  land  descends  with  a  gentle  slope 
mto  the  sea.  In  the  same  manner,  some  advocates  of  the  Celsian  the- 
ory formerly  appealed  to  the  increase  of  lands  near  the  mouths  of  rivers, 
not  sufficiently  adverting  to  the  fact»  that  if  the  bed  of  the  sea  is  rising, 
the  change  will  always  be  most  sensible  where  the  bottom  has  been 
previously  rendered  shallow ;  whereas,  at  a  distance  from  these  points 
where  the  scarped  granitio  clifis  plunge  at  once  into  deep  water,  a  much 
greater  amount  of  elevation  is  necessary  to  produce  an  equally  conspicu- 
ous change. 

As  to  the  area  in  northern  Europe  which  is  subject  to  this  slow  up- 
heaving movement,  we  have  not  as  yet  sufficient  data  for  estimating  it 
correctly.  It  seems  probable,  however,  that  it  reaches  from  Gothen- 
burg to  Tomeo,  and  from  thence  to  the  North  Cape,  the  rate  of  eleva- 
tion increasing  always  as  we  proceed  farther  northwards.  The  two 
extremities  of  this  Une  are  more  than  a  thousand  geographical  miles 
distant  from  each  other ;  and  as  both  terminate  in  the  ocean,  we  know 
not  how  much  farther  the  motion  may  be  prolonged  under  water.  As 
to  the  breadth  of  the  tract,  its  limits  are  equally  uncertain,  though  it 
evidently  extends  across  the  widest  parts  of  the  Gulf  of  Bothnia,  and 
may  probably  stretch  far  into  the  interior,  both  of  Sweden  and  Finland. 
Now  if  the  elevation  continue,  a  larger  part  of  the  Gulf  of  Bothnia  will 
be  turned  into  land,  as  also  more  of  the  ocean  off  the  west  coast  of  Swe- 
den between  Gothenburg  and  Uddevalla ;  and  on  the  other  hand,  if  the 
change  has  been  going  on  for  thousands  of  years  at  the  rate  of  several 
feet  in  a  century,  large  tracts  of  what  is  now  land  must  have  been  sub- 
marine at  periods  comparatively  modem.  It  is  natural  therefore  to 
inquire  whether  there  are  any  signs  of  the  recent  sojourn  of  the  sea  on 
districts  now  inknd  ?  The  answer  b  most  satisfactory.— Near  Udde- 
^la  and  the  neighboring  coastiand,  we  find  upraised  deposits  of  shells 
belonging  to  species  such  as  now  live  in  the  ocean ;  while  on  the  oppo- 
•  fj®^*".®^*®™  Mde  of  Sweden,  near  Stockholm,  Gefle,  and  other  places 
bordering  the  Bothnian  Gulf,  there  are  analogous  beds  containmg  shells 
of  species  characteristic  of  the  Baltic. 

jjTa  ^^^^  *^ounood  in  1807,  that  he  had  discovered  in  Norway  and 
at  Uddevalla  in  Sweden,  beds  of  shells  of  existing  species,  at  considerable 

Sfhte  above  the  sea.     Since  that  time,  other  naturalists  have  confirmed 
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his  observation ;  and,  according  to  Strom,  deposits  occur  at  an  elevation 
of  more  than  400  feet  above  the  sea  in  the  northern  part  of  Norway. 
M.  Alex.  Brongniart,  when  he  visited  Uddevalla,  ascertained  that  one  of 
the  principal  masses  of  shells,  that  of  CapeUbacken,  is  raised  more  than 
200  feet  above  the  sea,  resting  on  rocks  of  gneiss,  all  the  species  being 
identical  with  those  now  inhabiting  the  contiguous  ocean.  The  same 
naturalist  also  stated,  that  on  examining  with  care  the  surface  of  the 
gneiss,  immediately  above  the  ancient  shelly  deposit,  he  found  barna- 
cles (balarU)  adhering  to  the  rocks,  showing  that  the  sea  had  remained 
there  for  a  long  time.  I  was  fortunate  enough  to  be  able  to  verify  this 
observation  by  finding  in  the  sununer  of  1834,  at  Kured,  about  two 
miles  north  of  Uddevalla,  and  at  the  height  of  more  than  100  feet  above 
the  sea,  a  surface  of  gneiss  newly  laid  open  by  the  partial  removal  of  a 
mass  of  shells  used  largely  in  the  district  for  making  lime  and  repairing 
the  roads.  So  firmly  did  these  barnacles  adhere  to  the  gneiss,  that  I 
broke  off  portions  of  the  rock  with  the  shells  attached.  The  face  of  the 
gneiss  was  also  incrusted  with  small  zoophytes  {Cdleporaf  Lam.) ;  but 
had  these  or  the  barnacles  been  exposed  in  the  atmosphere  ever  nnce  the 
elevation  of  the  rocks  above  the  sea,  they  would  doubtless  have  decom- 
posed and  been  obliterated. 

The  town  of  Uddevalla  (see  Map,  p.  528)  stands  at  the  head  of  a 
narrow  creek  overhung  by  steep  and  barren  rocks  of  gneiss,  of  which 
all  the  adjacent  country  is  composed,  except  in  the  low  grounds  and 
bottoms  of  valleys,  where  strata  of  sand,  clay,  and  marl  frequently  hide 
the  fundamental  rocks.  To  these  newer  and  horizontal  depodts  the 
fosnl  shells  above  mentioned  belong,  and  similar  marine  remains  are 
found  at  various  heights  above  the  sea  on  the  opposite  island  of  Orust 
The  extreme  distance  from  the  sea  to  which  such  fossils  extend  is  as  yet 
unknown ;  but  they  have  been  already  found  at  TroUhattan  in  digging 
the  canal  there,  and  still  farther  inland  on  the  northern  borders  of  Lake 
Wener,  fifty  miles  from  the  sea,  at  an  elevation  of  200  feet  near  Lake 
Rogvarpen. 

To  pass  to  the  Baltic :  I  observed  near  its  shores  at  SMertelje,  six- 
teen miles  S.  W.  of  Stockholm,  strata  of  sand,  clay,  and  marl,  more  than 
100  feet  high,  and  containing  shells  of  species  now  inhabiting  the  Both- 
nian  Gulf.  These  consist  partly  of  marine  and  partly  of  freshwater  spe- 
cies ;  but  they  are  few  in  number,  the  brackishness  of  the  water  appear- 
ing to  be  very  unfavorable  to  the  development  of  testacea.  The 
most  abundant  species  are  the  common  cockle  and  the  common  mussel 
and  periwinkle  of  our  shores  {Cardium  edule,  Mytilus  edulis,  and  Lit- 
iarina  Uttorea),  together  with  a  small  tellina  {T,  Baltica)  and  a  few 
minute  univalves  allied  to  Faludina  ulva.  These  live  in  the  same 
water  as  a  Lymneus,  a  NeriUna  (N,  fluviatilis),  and  some  other  fresh- 
water shells. 

But  the  marine  mollusks  of  the  Baltic  above  mentioned,  although  rery 
numerous  in  individuals,  are  dwarfish  in  size,  scarcely  ever  attaining  a 
third  of  the  average  dimensions  which  they  acquire  in  the  Salter  waters  of 
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the  ocean*  By  this  character  alone  a,  geologist  would  genemllj  be  aUo 
to  recogni^  an  assemblage  of  Baltic  fossils  as  di^tingqisbed  from  those 
derived  from  a  depout  in  the  Qceao.  The  absence  also  of  oystera,  bar- 
naclpsy  whelks,  scc^lops,  limpets  {oftrea,  bakmus,  kucdnum,  pecUn,  pa^ 
tdla),  and  many  other  fonns  abounding  alike  in  the  sea  near  UddeT^la, 
and  in  the  fos^erous  deposits  of  modan  date  on  that  coast»  supplies 
an  additional  negative  character. of  tbe  greatest  value,  distingukjiing 
assemblages  of  Baltic  from  those  of  oceanic  shells.  Now  the  strata  con- 
taining Baltic  shells  are  found  ifx  many  localities  near  Stockholm,  Upsala, 
and  Oefle*  and  wiU  probably  be  discovered  evezywheie  around  the  bor- 
ders of  the  Bothnian  Gulf ;  for  I  have  seen  similar  remains  brought  from 
Finland,  m  marl  resemblii^  that  fDund  near  Stockhobn.  Tlie  utmost 
distance  to  which  these  deposits  have  yet  been  traced  inland,  is  on  the 
southern  shores  of  Lake  Maeler,  at  a  place  seventy  miles  from  the  sea.* 
Hence  it  appears  from  the  distinct  assemblage  of  fossil  shells  found  on 
the  eastern  and  western  coasts  of  Sweden^  that  the  Baltic  has  been  for 
a  long  period  separated  as  now  from  the  ocean,  although  the  intervening 
tract  of  land  was  once  much  narrower,  even  after  botliBeas  had  beoome 
mhabited  by  all  the  existing  species  of  testacea. 

As  no  accui'ate  observations  on  the  rise  of  the  Swedish  coast  refer  to 
periods  more  remote  than  a  century  and  a  half  from  the  present  time, 
and  as  traditional  information,  and  that  derived  from  ancient  buildings 
on  the  coast,  do  not  enable  the  antiquary  to  trace  back  any  monuments 
of  change  for  more  than  five  or  six  centuries,  we  cannot  declare  whether 
the  rate  of  the  upheaving  force  is  uniform  during  very  long  periods. 
In  those  districts  where  the  fossil  shells  are  found  at  the  height  of  more 
than  200  feet  above  the  ocean,  as  at  UddevallSi  Orust,  and  Lake  Rog- 
varpen,  the  present  rate  of  rise  seems  less  than  four  feet  in  a  century. 
Even  at  that  rate  it  would  have  required  five  thousand  years  to  lift  up 
those  deposits.  But  as  the  movement  is  now  very  different  in  different 
places,  it  may  also  have  varied  much  in  intensity  at  different  eras. 
•  We  have,  moreover,  yet  to  learn  not  only  whether  the  motion  pro- 
ceeds always  at  the  same  rate,  but  aljso  whether  it  has  been  uniformly  in 
one  direction.  The  level  of  the  land  may  oscillate ;  and  for  centuries  there 
may  be  a  depression,  and  afterwards  a  re-elevation,  of  the  same  district. 
Some  phenomena  in  the  neighborhood  of  Stockholm  appear  to  me  only 
explicable  on  the  supposition  of  the  alternate  rising  and  sinking  of  the 
ground  since  the  country  was  inhabited  by  man.  In  digging  a  canal, 
m  1819,  at  Sodertelje,  about  sixteen  miles  to  the  south  of  Stockholm,  to 
unite  Lake  Maeler  with  the  Baltic,  marine  strata,  conttuning  fossil  shells 
of  Baltic  species,  were  passed  through.  At  a  depth  of  about  sixty  feet, 
they  came  down  upon  what  seems  to  have  been  a  buried  fishing-hut, 
constructed  of  wood  in  a  state  of  decomposition,  which  soon  crumbled 
away  on  exposure  to  the  air.  The  lowest  part,  however,  which  had  stood 
on  a  level  with  the  sea,  was  m  a  more  perfect  state  of  preservation.     On 

*  See  a  paper  Ij  the  Author,  PhiL  Trana.  1885,  part  i 
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the  floor  of  this  hut  was  a  rude  fireplace,  consisting  of  a  ring  of  stones, 
and  within  this  were  cinders  and  charred  wood.  On  the  outside  lay 
boughs  of  the  fir,  cut  as  with  an  axe,  with  the  leaves  or  needles  still 
attached.  It  seems  very  difficult  to  explain  the  position  of  this  buried 
hut,  without  imagining,  as  in  the  case  of  the  temple  of  Serapis  (see  p. 
486),  first  a  subsidence  to  the  depth  of  more  than  sixty  feet,  then  a  re- 
elevation.  During  the  period  of  submergence,  the  hut  must  have  be- 
come covered  over  with  gravel  and  shelly  marl,  imder  which  not  only  . 
the  hut,  but  several  vessels  also  were  found,  of  a  very  antique  form,  and 
having  their  timbers  fastened  together  by  wooden  pegs  instead  of 
nails.* 

Whether  any  of  the  land  in  Norway  is  now  rising,  must  be  deter- 
mined by  future  investigations.  Marine  fossil  shells,  of  recent  species, 
have  been  collected  from  bland  places  near  Drontheim ;  but  Mr.  Ever- 
est, in  his  "  Travels  through  Norway,"  informs  us  that  the  small  island 
of  Munkholm,  which  is  an  insulated  rock  in  the  harbor  of  Drontheim, 
affords  conclusive  evidence  of  the  land  having  in  that  region  renudned 
stationary  for  the  last  eight  centuries.  The  area  of  ibis  isle  does  not 
exceed  that  of  a  small  village,  and  by  an  o^cial  survey,  its  highest 
point  has  been  determined  to  be  twenty-three  feet  above  the  mean  high- 
water  mark,  that  is,  the  mean  between  neap  and  spring  tides.  Now,  a 
monastery  was  founded  there  by  Canute  the  Great,  a.  d.  1028,  and 
thirty-three  years  before  that  time  it  was  in  use  as  a  common  place  of 
execution.  According  to  the  assumed  average  rate  of  rise  in  Sweden 
(about  forty  inches  in  a  century),  we  should  be  obliged  to  suppose  that 
this  island  bad  been  three  feet  eight  inches  below  high- water  mark  when 
it  was  originally  chosen  as  the  site  of  the  monastery. 

Professor  Eeilhau  of  Christiania,  after  collecting  the  observations  of 
his  predecessors  respecting  former  changes  of  level  in  Norway,  and  com? 
bining  them  with  his  own,  has  made  the  fact  of  a  general  change  of  level 
at  a  modem  period,  that  is  to  say,  within  the  period  of  the  actual  testa-, 
ceous  fauna,  very  evident.  He  infers  that  the  whole  country  from  Cape 
Lindesnses  to  Cape  North,  and  beyond  that  as  far  as  the  fortress  of 
Vardhuus,  has  been  gradually  upraised,  and  on  the  southeast  coast  the 
elevation  has  amounted  to  more  than  600  feet.  The  marks  which  de- 
note the  ancient  coast-line  are  so  nearly  horizontal  that  the  deviation 
from  horizontality,  although  the  measurements  have  been  made  at  a 
great  number  of  points,  is  top  small  to  be  appreciated. 

More  recently  (1844),  however,  it  appears  from  the  researches  of  M. 
bravais,  member  of  the  French  scientific  commission  of  the  North,  that 
in  the  Gulf  of  Alten  in  Finmark,  the  most  northerly  part  of  Norway, 

*  See  my  paper  before  referred  to,  PhiL  Trans.  1886,  part  L  p.  8,  9.  Attempts 
have  been  since  made  to  explain  away  the  position  of  this  hut,  bv  conjecturing 
that  a  more  recent  trench  had  been  previously  dug  here,  which  had  become  filled 
up  in  time  by  sand  drifted  by  the  wind.  The  engineers  who  superintended^  the 
works  in  1819,  and  with  whom  I  conversed,  had  considered  eveiy  bypothesia  of 
the  kind,  but  eould  not  so  explain  the  facts. 

34 


580  GKADUAL  SIHE  OF  [Cb. 

there  are  two  distinct  lines  of  upraised  ancient  sea-coast,  one  above  the 
other,  which  are  not  parallel,  and  both  of  them  imply  that  within  a  dis- 
tance of  fifty  miles  a  considerable  slope  can  be  detected  in  snch  a  direc- 
tion as  to  show  that  the  ancient  shores  have  undeigcme  a  greater  amoimt 
of  upheaval  in  proportion  as  we  advance  inland.* 

It  has  been  already  stated,  that,  in  proceeding  from  the  North  Cape 
to  Stockholm,  the  rate  of  upheaval  diminishes  from  several  feet  to  a  few 
inches  in  a  century.  To  the  south  of  Stockholm,  the  upward  movement 
ceases,  and  at  length  in  Scania,  or  the  southernmost  part  of  Sweden^  it 
appears  to  give  place  to  a  movement  in  an  opposite  direction.  In  prmrf 
of  this  fact.  Professor  Nilsson  observes,  in  the  first  place,  that  there  are 
no  elevated  beds  of  recent  marine  shells  in  Scania  hke  those  farther  to 
the  north.  Secondly,  Linnaeus,  with  a  view  of  ascertaining,  whether  the 
waters  of  the  Baltic  were  retiring  from  the  Scanian  shore,  measured,  in 
1749,  the  distance  between  the  sea  and  a  laxge  stone  near  Trelleboig. 
This  same  stone  was,  in  1836,  a  hundred  feet  nearer  the  water's  edge 
than  in  linnaeus's  time,  or  eighty-seven  years  before.  Thirdly,  there  is 
also  a  submerged  peat  moss,  consisting  of  land  and  freshwater  plants, 
beneath  the  sea  at  a  ][y>int  to  which  no  peat  could  have  been  drifted 
down  by  any  river.  Fourthly,  and  what  is  still  more  conclusive,  it  is 
found  that  in  seaport  towns,  all  along  the  coast  of  Scania,  there  are 
streets  below  the  high-water  level  of  the  Baltic,  and  in  some  cases  below 
the  level  of  the  lowest  tide.  Thus,  when  the  wind  is  high  at  Malmo, 
the  water  overflows  one  of  the  present  streets,  and  some  years  ago  some 
excavations  showed  an  ancient  street  in  the  same  place  eight  feet  lower, 
and  it  was  then  seen  that  there  had  been  an  artificial  raising  ci  the 
ground,  doubUess  in  consequence  of  that  subsidence.  There  is  also  a 
street  at  Trelleborg,  and  another  at  Skan5r,  a  few  inches  below  high- 
water  mark,  and  a  street  at  Ystad  is  exactly  on  a  level  with  the  sea»  at 
which  it  could  not  have  been  originally  built 

The  inferences  deduced  from  the  foregoing  facts  are  m  perfect  har- 
mony with  the  proofs  brought  to  light  by  two  Danish  invesiigators.  Dr. 
Pingel  and  Captain  Graah,  of  the  sinking  down  of  part  of  the  west  coast 
of  Greenland,  for  a  space  of  more  than  600  miles  from  north  to  south. 
The  observations  of  Captain  Graah  were  made  during  a  survey  of 
Greenland  in  1823-24;  and  afterwards  in  1828-29 ;  those  by  Dr.  Pin- 
gel  were  made  in  1830-32.  It  appears  from  various  signs  and  tradi- 
tions, that  the  coast  has  been  subsiding  for  the  last  four  centuries  from 
the  firth  called  Igaliko,  m  lat  60^  43'  N.  to  Disco  Bay,  extending  to 
nearly  the  69th  degree  of  north  latitude.  Ancient  buildings  on  low 
rocky  islands  and  on  the  shore  of  the  main  land  have  been  graduaUy 
submerged,  and  experience  has  taught  the  aboriginal  Greenlander 
never  to  build  his  hut  near  the  water's  edge.  In  one  case  the  Moravian 
settiers  have  been  ob%edmore  than  once  to  move  inland  the  poles  upon 

*  Quart  Joom.  of  Oeol  Soa  Ko.  4,  p  684.  M.  Bravau*  obeerratknis  were  veri- 
•fied  in  1S49  by  Mr.  R.  Chambers  m  his  <*  Tracings  of  K  of  Stirope,**  p  20& 
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vbicb  tbeir  large  boats  were  set,  and  tbe  old  poles  still  remain  beneatb 
the  water  as  sileot  witnesses  of  tbe  cbange."* 

He  probable  cause  of  tbe  movements  above  alluded  to,  wbetber  of 
elevation  or  depression,  will  be  more  appropriately  discussed  in  tbe  fol- 
lowing cbapters,  wben  tbe  origin  of  subterranean  beat  is  considered. 
But  I  may  remark  bere,  tbat  tbe  rise  of  Scandinavia  bas  naturally  been 
regarded  as  a  very  singular  and  scarcely  credible  pbenomenon,  because 
no  region  on  tbe  globe  bas  been  more  free  witbin  tbe  times  of  autbentic 
bistory  from  violent  eartbquakes.  In  common,  indeed,  witb  our  own 
island  and  witb  almost  every  spot  on  tbe  globe,  some  movements  bave 
been,  at  different  periods,  experienced,  botb  in  Norway  and  Sweden. 
But  some  of  tbese,  as  for  example  during  tbe  Lisbon  earthquake  in  1755, 
may  bave  been  mere  vibrations  or  undulatory  movements  of  tbe  eartb's 
crust  prolonged  from  a  great  distance.  Otbers,  bowever,  bave  been  suf- 
ficiently local  to  indicate  a  source  of  disturbance  immediately  under  tbe 
eountry  itself.  Notwithstanding  tbese  sbocks,  Scandinavia  bas,  upon 
tbe  wbole,  been  as  tranquil  in  modern  times,  and  as  free  from  subter- 
ranean convulsions,  as  any  region  of  equal  extent  on  tbe  globe.  Tbere 
is  also  anotber  circumstance  wbicb  bas  made  tbe  cbange  of  level  in 
Sweden  appear  anomalous,  and  bas  for  a  long  time  caused  tbe  proofs  of 
tbe  fact  to  be  received  witb  reluctance.  Volcanic  action,  as  we  bave 
seen,  is  usually  intermittent:  and  tbe  variations  of  level  to  wbicb  it 
has  given  rise  bave  taken  place  by  starts,  not  by  a  prolonged  and 
insensible  movement  similar  to  tbat  experienced  in  Sweden.  Yet,  as 
we  enlarge  our  experience  of  modem  changes,  we  discover  instances 
in  wbicb  the  volcanic  eruption,  the  earthquake,  and  tbe  permanent  rise 
or  fall  of  land,  whether  slow  or  sudden,  are  all  connected.  Tbe  union 
of  tbese  various  circumstances  was  exemplified  in  the  case  of  tbe  temple 
of  Serapis,  described  in  the  last  chapter,  and  we  might  derive  other 
illustrations  from  the  events  of  the  present  century  in  South  America. 

Some  writers,  indeed,  have  imagined  that  tbere  is  geological  evidence 
in  Norway,  of  the  sudden  upheaval  of  land  to  a  considerable  height 
at  successive  periods,  since  the  era  when  the  sea  was  inhabited  by  tbe 
living  species  of  testacea.  They  point  in  proof  to  certain  horizontal 
lines  of  inland  clifis  and  sea-beaches  containing  recent  shells  at  various 
heights  above  tbe  level  of  the  sea.f  But  tbese  appearances,  when  truly 
interpreted,  simply  prove  that  there  have  been  long  pauses  in  the  pro- 
cess of  upheaval  or  subsidence.  They  mark  eras  at  which  tbe  level  of 
the  sea  has  remtuned  stationary  for  ages,  and  during  which  new  strata 
were  deposited  near  the  shore  in  some  places,  while  in  others  the 
waves  and  currents  had  lime  to  hollow  out  rocks,  undermine  cliffs, 
and  throw  up  long  ranges  of  shingle.  They  undoubtedly  show  that 
tbe  movement  bas  not  been  always  uniform  or  continuous,  but  they  do 
not  establish  the  fact  of  any  sudden  alterations  of  level. 

♦  S«ePh)ceediiig«ofGeol8ocNa42,p,208.    I  also  cooverwd  with  Dr.  Pin- 
gel  OD  the  •abject  at  Gopenhagen  in  1884. 
f  Keilhauy  Bulletin  d^  la  Soc  04oL  de  France,  torn.  viL  p.  18. 
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When  we  are  once  assured  of  the  reality  of  the  gradual  rise  of  a 
large  region,  it  enables  us  to  account  for  many  geological  appearances 
otherwise  of  very  difficult  explanation.  There  are  lai^  continental  tracts 
and  high  table-lands  where  the  strata  are  nearly  horizontal,  beaiing  no 
marks  of  having  been  thrown  up  by  violent  convulsions,  nor  by  a  series 
of  movements,  such  as  those  which  occur  in  the  Andes,  and  cause  tho 
earth  to  be  rent  open,  and  raised  or  depressed  from  time  to  time,  while 
large  masses  are  engulfed  in  subterranean  cavities.  The  result  of  a  aeiks 
of  such  earthquakes  might  be  to  produce  in  a  great  lapse  of  ages  a 
coimtry  of  shattered,  inclined,  and  perhaps  vertical  strata.  But  a  move- 
ment like  that  of  Scandinavia  would  cause  the  bed  of  the  sea,  and  all 
the  strata  recently  formed  in  it,  to  be  upheaved  so  gradually,  tiiat  it 
would  merely  seem  as  if  the  ocean  had  formerly  stood  at  a  higher  level, 
and  had  slowly  and  tranquilly  sunk  down  into  its  present  bed. 

The  fact  also  of  a  very  gradual  and  insensible  elevation  of  land  may 
expliun  many  geological  movements  of  denudation,  on  a  grand  scale. 
If,  for  example,  instead  of  the  hard  granitic  rocks  of  Norway  and  Swe- 
den, a  large  part  of  the  bed  of  the  Atlantic,  consisting  chiefly  of  soft 
strata,  should  rise  up  century  after  century,  at  the  rate  of  about  half  an 
inch,  or  an  inch,  in  a  year,  how  easily  might  oceanic  currents  sweep 
away  the  thin  film  of  matter  thus  brought  up  annually  vrithm  the  sphere 
of  aqueous  denudation  I  The  tract,  when  it  finally  emerged,  might  pre- 
sent table-lands  and  ridges  of  horizontal  strata,  vrith  intervening  valleys 
and  vast  plains,  where  originally,  and  during  its  period  of  submergence, 
the  surface  was  level  and  nearly  uniform. 

These  speculations  relate  to  superficial  changes ;  but  others  must  be 
continually  in  progress  in  the  subterranean  regions.  The  foondations  of 
the  country,  thus  gradually  uplifted  in  Sw^en,  must  be  undeigoing 
important  modifications.  Whether  we  ascribe  these  to  the  expansion  of 
solid  matter  by  continually  inoreasmg  heat,  or  to  the  liquefaction  of 
rock,  or  to  the  crystallization  of  a  dense  fluid,  or  the  aocumulatioa  of 
pent-up  gases,  in  whatever  conjectures  we  indulge,  we  can  never  doubt 
for  a  moment,  that  at  some  unknown  depth  beneath  Sweden  and  the 
Baltic,  the  structure  of  the  globe  b  in  our  own  times  becoming  changed 
from  day  to  day,  throughout  a  space  probably  more  than  a  thousuid 
miles  in  length,  and  several  hundred  in  breadth. 


CHAPTER  XXXI. 

CAUSES   OF   EARTHQUAKES   AND   VOLCANOES. 

iKtimate  coimection  between  the  causes  of  ydcaaoes  and  earthqaakes — Supposed 
original  state  of  fusion  of  the  planet— Umversal  fioidtty  not  proved  by  sphe- 
roidal figure  of  the  earth — Attempt  to  calculate  the  thidmess  of  the  solid  crust 
of  the  earth  by  precessional  motion^-Heat  in  mines  increasing  with  the  depth 
— Objections  to  the  supposed  intense  heat  of  a  central  fluid— Whether  chemical 
changes  may  produce  volcanic  heat — Currents  of  electricity  circulating  in  the 
earth's  crust 

It  will  hardly  be  questioned,  after  the  description  before  given  of  the 
phetiomena  of  earthquakes  and  volcanoes,  that  both  of  these  agents  have, 
to  a  certain  extent,  a  common  origin ;  and  I  may  now,  therefore,  pro- 
ceed to  inquire  into  their  probable  catises.  But  first,  it  may  be  well  to 
recapitulate  some  of  those  points  of  relation  and  analogy  which  lead 
naturally  to  the  conclusion  that  they  spring  from  a  common  source. 

The  regions  convulsed  by  violent  earthquakes  include  within  them 
the  site  of  all  the  active  volcanoes.  Earthquakes,  sometimes  local,  some- 
times extending  over  vast  areas,  often  precede  volcanic  eruptions.  The 
subterranean  movement  and  the  eruption  return  again  and  again,  at 
irregular  intervals  of  time,  and  with  unequal  degrees  of  force,  to  the 
same  spots.  The  action  of  either  may  continue  for  a  few  hours,  or  for 
several  consecutive  years.  Paroxysmal  convulsions  are  usually  followed, 
in  both  cases,  by  long  periods  of  tranquillity.  Thennal  and  mineral 
springs  are  abundant  in  countries  of  earthquakes  and  active  volcanoes. 
Lastly,  hot  springs  situated  in  districts  considerably  distant  from  vol- 
canic vents  have  been  observed  to  have  thdr  temperature  suddenly 
raised,  and  the  volume  of  their  water  augmented,  by  subterranean  move- 
ments. 

AH  these  appearances  are  evidentiy  more  or  less  connected  with  the 
passage  of  heat  from  the  interior  of  the  earth  to  the  surface ;  and  where 
there  are  active  volcanoes,  there  must  exist,  at  some  unknown  depth  be- 
low, enormous  masses  of  matter  intensely  heated,  and,  in  many  instances, 
in  a  constant  state  of  fusion.  We  have  first,  then,  to  inquire,  whence  is 
this  heat  derived  ? 

It  has  long  been  a  favorite  conjecture,  that  the  whole  of  our  planet 
was  or^ally  in  a  state  of  igneous  fusion,  and  that  the  central  parts 
still  retmn  a  great  portion  of  their  primitive  heat  Some  have  imagmed, 
with  the  late  Sir  W.  Herschel,  that  the  elementary  matter  of  the  earth 
may  have  been  first  in  a  gaseous  state,  resembling  those  nebulse  which 
we  behold  in  the  heavens,  and  which  are  of  dimensions  so  vast,  that  some 
of  them  would  fill  the  orbits  of  the  remotest  planets  of  our  system.  The 
increased  power  of  the  telescope  has  of  late  years  resolved  the  greater 
number  of  these  nebulous  appearances  into  clusters  of  stars,  but  so  long 
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as  thej  were  confidenUy  suppoeed  to  eonwt  of  aeriform  matter  it  was  a 
iiaTorite  coDJectoie  that  thej  might,  if  coneentrated,  fonn  ao&d  spheres ; 
and  it  was  also  imagined  that  the  erolotioD  of  heat^  attendant  on  eon- 
deosation,  m%ht  retain  the  maieiiak  of  the  new  ^hes  in  a  state  of 
igneous  fusion. 

Without  dwelUng  on  such  speculations,  which  can  only  bare  a  dis- 
tant bearing  on  geology,  we  may  consider  how  far  the  spheroidal  form 
of  the  earth  affords  sufficient  ground  for  presuming  that  its  piimitire 
condition  was  one  of  univ^sal  fluidity.  The  djaemsion  of  this  quesCioa 
would  be  superfluous,  were  the  doctrine  of  original  fluidity  less  popular ; 
for  it  may  well  be  asked,  why  the  globe  should  'Se  supposed  to  have 
had  a  pristine  shape  different  finom  the  present  one? — why  the  ter- 
restrial materials,  when  first  called  into  existence,  or  assembled  to- 
gether in  one  phuse,  should  not  hare  been  subject  to  rotation,  so  as  to 
assume  at  once  that  form  which  alone  could  retain  their  aereral  parts  in 
a  state  of  equilibrium  ? 

Let  us,  howerer,  concede  that  the  statical  figure  may  be  a  modifica- 
tion of  some  other  pre-existing  form,  and  suppose  the  globe  to  hare  been 
at  first  a  perfect  and  quiescent  sphere,  corered  with  a  uniform  ocean — 
what  would  happen  when  it  was  made  to  turn  round  on  its  axis  with  its 
present  relocity  ?  This  problem  has  been  cooadered  by  Playfeur  in  he 
Illustrations,  and  he  has  decided,  that  if  the  surface  of  Uie  euth,  as  laid 
down  in  Button's  theory,  has  been  repeatedly  changed  by  the  trsnspw- 
tation  of  the  detritus  of  the  land  to  the  bottom  of  the  sea^  the  figure  of 
the  planet  must  in  that  case,  whaterer  it  may  hare- been  ori^nally,  he 
brought  at  length  to  ccHndde  with  the  spheroid  of  equilibrium.*  Sir 
John  Herschel  also,  in  reference  to  the  same  hypothesis,  obserres,  "  a 
centrifugal  force  would  in  that  case  be  generated,  whose  general  tend- 
ency would  be  to  uige  the  water  at  erery  point  of  the  sur^ice  to  recede 
from  the  axis.  A  rotation  might  indeed  be  conceired  so  swift  as  to  flirt 
the  whole  ocean  from  the  surface,  like  water  from  a  mop.  But  this  would 
require  a  far  greater  relocity  than  what  we  now  spesJc  of.  In  the  esse 
supposed,  the  weight  of  the  water  would  still  keep  it  on  the  earth ;  and 
the  tendency  to  recede  from  the  axis  c(mld  only  be  satisfied  therefore  by 
the  water  learing  the  poles,  and  flowing  towards  the  equator;  there 
heaping  itself  up  in  a  ridge,  and  being  retained  in  opposition  to  its  weight 
or  natural  tendency  towards  the  centre  by  the  pressure  thus  caused. 
This,  howerer,  could  not  take  place  without  laying  dry  the  polar  r^ons, 
so  that  protuberant  land  would  appear  at  the  poles,  and  a  zone  of  ocean 
be  disposed  around  the  equator.  This  would  be  the  first  or  immediate 
effect.  Let  us  now  see  what  would  afterwards  happen  if  things  were 
allowed  to  take  their  natural  course. 

"  The  sea  is  constantly  beating  on  the  land,  grinding  it  down,  and 
scattering  its  wom-off  particles  and  fragments,  in  the  state  of  sand  and 
pebbles,  orer  its  bed.     Geolo^cal  facts  afford  abundant  proof  that  the 

♦  niust.  of  Hutt.  Theory,  §  486-448. 
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existing  continents  have  all  of  them  undergone  this  process  even  more 
than  once,  and  been  entirely  torn  in  fragments,  or  reduced  to  powder, 
and  sabmerged  and  reconstructed.  Land,  in  this  view  of  the  subject, 
loses  Its  attribute  of  fixity.  As  a  mass  it  might  hold  together  in  oppo- 
sition to  forces  which  the  water  freely  obeys ;  but  in  its  state  of  succes- 
siye  or  simultaneous  degradation,  when  disseminated  through  the  water, 
in  the  state  of  sand  or  mud,  it  is  subject  to  all  the  impulses  of  that  fluid. 
In  the  lapse  of  time,  then,  the  protuberant  land  would  be  destroyed,  and 
spread  over  the  bottcmi  of  the  ocean,  filling  up  the  lower  parts,  and  tend- 
ing continually  to  remodel  the  surface  of  the  solid  nucleus,  in  corre- 
spondence with  the /orm  of  equUibrium,  Thus  after  a  sufficient  lapse  of 
time,  in  the  case  of  an  eurth  in  rotation,  the  polar  protuberances  would 
gradually  be  cut  down  and  disappear,  being  transferred  to  the  equator 
(as  being  then  the  deepest  eea),  till  the  earth  would  assume  by  de- 
grees the  f<Nrm  we  observe  it  to  have — ^that  of  a  flattened  or  oblate 
ellipsoid. 

"  We  are  far  from  meamng  here  to  trace  the  process  by  whkh  the 
earth  really  assumed  its  actual  form ;  all  we  intend  is  to  show  that  this 
is  the  form  to  which,  under  a  condition  of  a  rotation  on  its  axis,  it  must 
tend,  and  which  it  would  attain  even  if  originally  and  (so  to  speak)  per- 
versely constituted  otherwise."* 

In  this  passage,  the  author  has  contemplated  the  superficial  effects  of 
aqueous  causes  only ;  but  neither  he  nor  Playfair  seem  to  have  followed 
out  the  same  inquiry  with  reference  to  another  part  of  Hutton's  system; 
namely,  that  wlidch  assumes  the  successive  fusion  by  heat  of  different 
parts  of  the  solid  earth.  Yet  the  progress  of  geology  has  continually 
strengthened  the  evidence  in  favor  of  the  doctrine  that  local  variations  of 
temperature  have  melted  one  part  after  another  of  the  earth's  crust,  and 
this  influence  has  perhaps  extended  downwards  to  the  very  centre.  If, 
therefore^  before  the  globe  had  assumed  its  present  form,  it  was  made 
to  revolve  on  its  axis,  all  matter  to  which  freedom  of  motion  was  given 
by  fusion,  must  before  consolidaUng  have  been  impelled  towards^  the 
equatorial  regions  in  obedience  to  the  centrifugal  force.  Thus  lava  flow- 
ing out  in  superficial  streams  would  have  its  motion  retarded  when  its 
dbection  was  towards  the  pole,  accelerated  when  towards  the  equator ; 
or  if  lakes  and  seas  of  lava  existed  beneath  the  earth's  ciusi  m  equato- 
rial regions,  as  probably  now  beneath  the  Peruvian  Andes,  the  impris- 
oned fluid  would  force  outwards  and  permanently  upheave  the  over- 
lying rocks.  The  statical  figure,  therefore,  of  the  terrestrial  spheroid 
(of  which  the  longest  diameter  exceeds  the  shortest  by  about  twenty-five 
miles),  may  have  been  the  result  of  gradual  and  even  of  existing  causes, 
and  not  of  a  primitive,  imiversal,  and  simultaneous  fluidity.f 

Experiments  made  with  the  pendulum,  and  observations  on  the  man- 
ner in  which  the  earth  attracts  the  moon,  have  shown  that  our  planet  ia 

*  Herschers  ABtronomy,  chap,  ill  t^-uv 

t  See  HenneasT,  On  Changes  ia  Earth's  Figare,  Ac.  Journ.  GeoL  Soc  Pablm, 
1849 ;  and  Proc  Boy.  Irish  Acad.  voL  ir.  p.  887. 
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not  an  empty  sphere,  but,  on  the  contrary,  that  its  interior,  whether 
solid  or  fluid,  has  a  higher  specific  gravity  than  the  exterior.  It  has 
also  been  inferred,  that  there  is  a  regular  increase  in  density  from  lfa« 
surface  towards  the  centre,  and  that  the  equatorial  protuberance  b  con* 
tinned  inwards ;  that  is  to  say,  that  layers  of  equal  doisity  are  arranged 
elliplically,  and  symmetrically,  from  the  exterior  to  the  centre.  These 
conclusions,  however,  have  been  deduced  rather  as  a  consequence  of 
the  hypothesis  of  primitive  and  simultaneous  fluidity  than  proved  by 
experiment.  The  inequalities  in  the  moon's  motion,  by  which  some  have 
endeavored  to  confirm  them,  are  so  extremely  slight^  that  the  opinion 
can  be  regarded  as  litUe  more  than  a  probable  conjecture. 

The  mean  density  of  the  earth  has  been  computed  by  Laplace  to  be 
about  6^,  or  more  than  five  times  that  of  water.  Now  the  specific 
gravity  of  many  of  our  rocks  is  from  2^  to  3,  and  the  greater  pari  of 
the  metals  range  between  that  density  and  21.  Hence  some  have 
imagined  that  the  terrestrial  nucleus  may  be  metallic — ^that  it  may  cor- 
respond, for  example,  with  the  spedfic  gravity  of  iron,  which  is  about  7. 
But  here  a  curious  question  arises  in  regard  to  the  form  which  mate- 
rials, whether  fluid  or  solid,  might  assume,  if  subjected  to  the  enormous 
pressure  which  must  obtain  at  the  earth's  centre.  Water,  if  it  contuiued 
to  decrease  in  volume  according  to  the  rate  of  compressibility  deduced 
from  experiment,  would  have  its  density  doubled  at  the  depth  of  nine^- 
three  miles,  and  be  as  heavy  as<  mercury  at  the  depth  of  862  nulea. 
Dr.  Young  computed  that,  at  the  earth's  centre,  steel  would  be  com- 
pressed into  one-fourth,  and  stone  into  one-eighth  of  its  bulk.*  It  k 
more  than  probable,  however,  that  after  a  certain  degree  of  condensa- 
tion,  the  compressibility  of  bodies  may  be  governed  by  laws  altogether 
different  from  those  which  we  can  put  to  the  test  of  experiment ;  but 
the  limit  is  still  undetermined,  and  the  subject  is  involved  in  such  ob- 
scurity, that  we  cannot  wonder  at  the  variety  of  notions  which  have 
been  entertained  respecting  the  nature  and  conditions  of  the  central  nu- 
cleus. Some  have  conceived  it  to  be  fluid,  others  solid ;  some  have 
imagined  it  to  have  a  cavernous  structure,  and  have  even  endeavored  to 
confirm  this  opinion  by  appealing  to  observed  iiregularities  in  the  vibra- 
tions of  the  pendulum  in  certain  countries. 

An  attempt  has  recently  been  made  by  Mr.  Hopkhis  to  determine 
the  least  thickness  which  can  be  asagned  to  the  solid  crust  of  the  globe, 
if  wo  assume  the  whole  to  have  been  once  perfectly  fluid,  and  a  certain 
portion  of  the  exterior  to  have  acquired  solidity  by  gradual  refrigeratioa. 
This  result  he  has  endeavored  to  obtain  by  a  new  solution  of  the  deli- 
cate problem  of  the  precessional  motion  of  the  pole  of  the  earth.  It  is 
well  known  that  while  the  earth  revolves  round  the  sun  the  dbection  of 
its  axis  remains  very  nearly  the  same,  e.  e,  its  diflferent  positions  in  space 
are  all  nearly  parallel  to  each  other.     This  parallelism,  however,  is  not 

*  YooDfifs  Lectures,  and  Mm  SomerviUe*8  Connectioo  of  the  Fliyttcal 
II.90. 
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aoeuretely  pteBerwd,  bo  that  the  aiis^  mstead  of  eoming  exactly  into 
ihe  podtion  which  it  oeeapied  a  year  before,  beeoinea  inclined  to  it  at  a 
Teiy  small  angle,  but  always  retaining  very  nearly  the  same  inclination 
to  the  plane  of  the  earth's  brbit.  This  motion  of  the  pole  changes  the 
position  of  the  equinoxes  by  about  fifty  seconds  annually,  and  alyrays 
in  the  same  direction.  Thus  the  pole-star,  aft^  a  certiun  time,  will 
enthrely  lose  its  claim  to  that  appellation,  until  in  the  course  of  somewhat 
more  than  26,000  years  the  earth's  axis  shall  again  occupy  its  present 
angular  positioa,  and  again  point  very  nearly  as  now  to  the  pole-star. 
This  motion  of  the  axis  is  called  precession.  It  is  caused  by  the  attrac* 
tion  of  the  sun  and  moon,  and  principally  the  moon,  on  the  protuberant 
parts  of  the  earth's  equator ;  and  if  these  parts  were  solid  to  a  great 
depth,  the  motion  thus  produced  would  difier  considerably  from  that 
which  would  exist  if  they  were  perfectly  fluid,  and  incrusted  over  with 
a  thin  shell  only  a  few  miles  thick.  In  other  words,  the  disturlmig  ac- 
tion  of  the  moon  will  not  be  the  same  upon  a  'globe  all  solid  and  upon 
one  nearly  all  fluid,  or  it  will  not  be  the  same  upon  a  globe  in  which 
the  solid  shell  forms  one-half  of  the  mass,  and  another  in  which  it  forms 
only  one-tenth. 

Mr.  Hopkins  has,  therefore,  calculated  the  amount  of  precessional  mo- 
tion which  would  result  if  we  assume  the  earth  to  be  constituted  as 
above  stated ;  t .  «.  fluid  mtemdly,  and  enveloped  by  a  solid  shell ;  and 
he  finds  that  the  amount  will  not  agree  with  the  observed  motion,  unless 
the  crust  of  the  earth  be  of  a  certain  thickness.  In  calculating  the  ex- 
act amount  some  ambiguity  arises  in  consequence  of  our  ignorance  of  the 
effect  of  pressure  in  promoting  the  solidification  of  matter  at  high  tem« 
peratures.  The  hypothesis  least  favorable  for  a  great  thickness  is  found 
to  be  that  which  assumes  the  pressure  to  produce  no  effect  on  the  pro- 
cess of  solidificadon.  Even  on  this  extreme  assumption  the  thickness  of 
the  solid  crust  must  be  nearly  four  htmdred  miles,  and  this  would  lead 
to. the  remarkable  result  that  the  proportion  of  the  solid  to  the  fluid  part 
would  be  as  49  to  51»  or,  to  speak  in  round  numbers,  there  would  be 
nearly  as  much  solid  as  fluid  matter  in  the  globe.  The  conclusion,  how-^ 
ever,  which  Mr.  Hopkins  announces  as  that  to  which  Ins  researches 
have  finally  conducted  him,  is  thus  expressed :  **  Upon  the  whole,  then, 
we  may  venture  to  assert  that  the  minimum  thickness  of  the  crust  of  the 
globe,  which  can  be  deemed  consistent  with  the  observed  amount  of  pre- 
cession, cannot  be  less  than  one-fourth  or  one-fifth  of  the  earth's  radius." 
That  is  from  800  to  1000  miles.* 

,  It  will  be  remarked,  that  this  is  a  minimum^  and  any  still  greaJter 
amount  would  be  quite  consistent  with  the  actual  phenomena ;  the  calcu- 
lations not  being  opposed  to  the  supposition  of  the  general  solidity  of  the 
entire  globe.  Nor  do  they  preclude  us  from  imagining  that  great  lakes 
or  seas  of  melted  matter  may  be  distributed  through  a  shell  400  or  800 

•  PfaiL  Trans.  1889,  and  Researches  in  Physical  Geology,  1st,  2d,  and  8d  aerie j 
Londoo,  1889-1842 ;  also  on  Phenomena  and  Theory  of  Volcanoes,  Eeport  Brit. 
Aeaoa  1847. 
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miles  thick,  provided  they  be  so  inclosed  as  to  move  fritli  it,  whatev«t 
motioii  of  rotation  may  be  communicated  by  the  disturbmg  forces  of  tha 
sun  and  moon. 

Central  heat — ^The  hypothesis  of  internal  fliddity  calls  for  the  moM 
attentive  considleration,  as  it  has  been  found  that  the  heat  in  mines  aug- 
ments m  proportion  as  we  descend.  Observations  have  been  made,  not 
only  on  tiie  temperature  of  the  air  in  mines,  but  on  that  of  the  rocksy 
and  on  the  water  issuing  from  them.  The  mean  rate  of  increase,  caleu- 
lated  from  results  obtained  in  six  of  the  deepest  coal  mines  in  Durham 
and  Northumberland,  is  1^  Fahr.  for  a  descent  of  forty-four  English 
feet.*  A  series  of  observations,  made  in  several  of  the  principal  lead 
and  silver  mines  in  Saxony,  gave  1°  Fahr.  for  every  sixty-five  feet.  In 
this  case,  the  bulb  of  the  thermometer  was  introduced  into  cavities  pur- 
posely cut  in  the  solid  rock  at  depths  varying  from  200  to  above  900  feet 
But  m  other  mines  of  the  same  country,  it  was  necessary  to  descend 
thrice  as  far  for  each  degree  of  temperature.f 

A  thermometer  was  fixed  in  the  rock  of  the  Dolcoath  mine,  in  Corn- 
wall, by  Mr.  Fox,  at  the  great  depth  of  1380  feet,  and  frequently  ob- 
served during  eighteen  months ;  the  mean  temperature  was  68^  Fahr., 
that  of  the  surface  being  50^,  which  gives  1^  for  every  seventy-five  feet. 

Eupffer,  after  an  extensive  comparison  of  the  results  in  di£ferent  coun- 
tries, makes  the  increase  1^  F.  for  about  every  thirty-seven  English  feet.| 
M.  Cordier  announces,  as  the  result  of  his  experiments  and  observations 
on  the  temperature  of  the  interior  of  the  earth,  that  the  heat  increases 
rapidly  with  the  depth ;  but  the  increase  does.not  follow  the  same  kw 
over  the  whole  earth,  being  twice  or  three  times  as  much  in  one  countiy 
as  in  another,  and  these  differences  are  not  in  constant  relation  either 
with  the  latitudes  or  longitudes  of  places.§  He  is  of  opinbn,  however, 
that  the  increase  would  not  be  overstated  at  1^  Cent  for  every  twenty- 
five  metres,  or  about  V  F.  for  every  forty-five  feet]  The  experimental 
well  bored  at  Grenelle,  near  Paris,  gave  about  1^  F.  for  every  sixty 
English  feet,  when  they  had  reached  a  depth  of  1312  feet 

Some  writers  have  endeavored  to  refer  these  phenomena  (which,  how- 
ever discordant  as  to  the  ratio  of  mcreasing  heat,  appear  all  to  point  one 
way)  to  the  condensation  of  air  constantly  descending  from  the  surface 
into  the  mmes.  For  the  air  under  pressure  would  give  out  latent  heat» 
on  the  same  principle  as  it  becomes  colder  when  rarefied  in  the  higher 
regions  of  the  atmosphere.  But,  besides  that  the  quantity  of  heat  is 
greater  than  could  be  supposed  to  flow  from  this  source,  the  aigument 
has  been  answered  in  a  satisfactory  manner  by  Mr.  Fox,  who  has  shown, 
that  in  the  mines  of  Cornwall  the  ascending  have  generally  a  higher 

*  Ed  Journ.  of  Sci.  April,  1882. 

I-  Cordier,  M6m.  de  rinatit  torn.  viL  %  Peg.  Ann,  iam.  zv.  p.  169. 

§  See  M.  Cordier's  Memoir  on  the  Temperature  of  the  Interior  of  the  Earth, 
read  to  the  Academy  of  Sciences,  4th  June,  1827^— Edin.  New  PhiL  Journal,  Ko 
viiL  pi  2*78. 

I  Cordier,  M^hl  de  Tlnstit  torn,  m 


CB.XXXI] 


THB0S7  OF  CQBHTBAL  HBAT. 


688 


temperature  than  the  descending  aerial  cunrents.  The  difference  be- 
tween them  was  found  to  vary  from  9^  to  17^  F. ;  a  proof  that,  instead 
of  imparting  heat»  these  currents  actually  carry  off  a  large  quantity  from 
the  mines.* 

If  we  adopt  M.  Cordier's  estimate  of  1^  F.  for  every  45  feet  of  deptu 
as  the  mean  result,  and  assume^  with  the  advocates  of  central  fluidity, 
that  the  increasing  temperature  is  continued  downwards,  we  should 
reach  the  ordinary  boilmg  pdnt  of  water  at  about  two  miles  below  the 
surface,  and  at  the  depth  of  about  twenty-four  miles  should  arrive  at 
the  melting  point  of  iron,  a  heat  sufficient  to  fuse  almost  every  known 

Fie  99. 


BmHob  of  the  earth,  in  which  the  breadth  of  the  outer  boundary  line  repreeenta  a  thidcneaa  of 
S6  mllee ;  the  apace  between  the  drelea,  including  the  breadth  of  the  Unea,  900  mUeei 

fiubstance.    The  temperature  of  melted  iron  was  estimated  at  21,000^ 
F.,  by  Wedgwood ;  but  his  pyrometer  gives,  as  is  now  demonstrated, 
very  erroneous  results.    Professor  Daniell  ascertained  that  the  point  of 
fusion  is  2786°  F.f 
According  to  Mr.  Daniell's  scale,  we  ought  to  encounter  the  mtemal 

*  Fhn.  Mag.  and  Add.  Feb.  1880. 

f  The  heat  was  measared  in  Wedgwood's  pyrometer  by  the  ooDtraction  of 
pore  clay,  which  is  reduced  in  ydume  when  heated,  first  by  the  loss  of  its  water 
of  combinatioo,  and  afterwards,  on  the  application  of  more  intense  heat,  by  incip- 
ient vitrification.  The  expansion  of  platina  is  the  test  employed  by  Mr.  Daniell 
in  his  pyrometer,  and  this  has  been  found  to  yield  uniform  and  constant  results, 
such  as  are  in  perfect  harmony  with  conclusions  drawn  from  various  other  inde- 
pendent souroesi  The  instrument  for  which  the  author  received  the  Rnmford 
Medal  from  the  Royal  Society,  in  18S8,  is  described  in  the  PhiL  Trans.  1880,  part 
li.,  and  1881,  part  u. 
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melted  matter  before  penetrating  through  a  thickness  represented  by 
that  of  the  outer  circular  line  in  the  annexed  diagram  (fig.  02) ;  whereas, 
if  the  other  or  less  correct  scale  be  adopted,  we  should  meet  with  it  at 
some  point  between  the  two  circles ;  the  space  between  them,  together 
with  the  lines  themselves,  representing  a  crust  of  200  miles  in  depth. 
In  either  case,  we  must  be  prepared  to  maintain  that  a  temperature 
many  times  greater  than  that  sufficient  to  melt  the  most  refractory  sub- 
stances known  to  us,  is  sustained  at  the  centre  of  the  globe;  while  a 
comparatively  thin  crust,  resting  upon  the  fluid,  remains  unmelted ;  or 
is  even,  accordmg  to  M.  Cordier,  increasing  in  thickness,  by  the  continual 
addition  of  new  internal  layers  solidified  during  the  process  of  refifig* 

The  mathematical  calculations  of  Fourier,  on  the  passage  of  heat 
through  conducting  bodies,  have  been  once  appealed  to  in  support  of 
these  views ;  for  he  has  shown  that  it  is  compatible  with  theory  that 
the  present  temperature  of  the  surface  might  coexist  with  an  intense 
heat  at  a  certain  depth  below.  But  his  reasoning  seems  to  be  confined 
to  the  conduction  of  heat  through  solid  bodies ;  and  the  conditions  of 
the  problem  are  wholly  altered  when  we  reason  about  a  fluid  nucleus,  as 
we  must  do  if  it  be  assumed  that  the  heat  augments  from  the  surface 
to  the  interior,  according  to  the  rate  observed  in  mines.  For  when  the 
heat  of  the  lower  portion  of  a  fluid  is  increased,  a  cmsulation  begins 
throughout  the  mass,  by  the  ascent  of  hotter,  and  the  descent  of  colder 
currents.  And  this  circulation,  which  is  quite  distinct  from  the  mode 
m  which 'heat  is  propagated  through  solid  bodies,  must  evidently  occur 
in  the  supposed  central  ocean,  if  the  laws  of  fluids  and  of  heat  are  the 
same  there  as  upon  the  surface. 

In  Mr.  Darnell's  experiments  for  obtaining  a  measure  of  the  heat  of 
bodies  at  their  pohit  of  fusion,  he  invariably  found  that  it  was  impossible 
to  raise  the  heat  of  a  large  crucible  of  melted  iron,  gold,  or  silver,  a  sin- 
gle degree  beyond  the  melting  pomt,  so  long  as  a  bar  of  the  respective 
nietals  was  kept  immersed  in  the  fluid  portions.  So  in  regard  to  other 
substances,  however  great  the  quantities  fused,  their  temperature  could 
not  be  raised  while  any  solid  pieces  immersed  in  them  remained  un- 
melted ;  every  accession  of  heat  being  instantly  absorbed  during  their 
liquefaction.  These  results  are,  m  fact,  no  more  than  the  extension  of  a 
principle  previously  established,  that  so  long  as  a  fragment  of  ice  re- 
mains in  water,  we  cannot  raise  the  temperature  of  the  water  above 
32«>F. 

If,  then,  the  heat  of  the  earth's  centre  amount  to  450,000^  F.,  as  M. 
Cordier  deems  highly  probable,  that  is  to  say,  about  twenty  times  the 
heat  of  melted  iron,  even  according  to  Wedgwood's  scale,  and  upwards 
of  IGO  times  according  to  the  improved  pyrometer,  it  is  clear  that  the 
upper  parts  of  the  fluid  mass  ooidd  not  long  have  a  temperature  only 
just  sufficient  to  melt  rocks.  There  must  be  a  continual  tendency  to- 
wards a  uniform  heat ;  and  until  this  were  accomplished,  by  the  inter- 
change of  portions  of  fluid  of  different  densities,  tiie  surface  could*  not 
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begm  to  coDsolidate.  Nor,  on  the  hypothesis  of  primitiTe  fluidity,  can 
we  conceive  any  crust  to  have  been  formed  until  the  whole  planet  had 
cooled  down  to  about  the  temperature  of  incipient  fusion. 

It  cannot  be  objected  that  hydrostatic  pressure  would  prevent  a  ten* 
dency  to  equalization  of  temperature ;  for,  as  far  as  observations  have 
yet  been  made,  it  is  found  that  the  waters  of  deep  lakes  and  seas  are 
governed  by  the  same  laws  as  a  shallow  pool ;  and  no  experiments  indi- 
cate that  solids  resist  fusion  imder  high  pressure.  The  arguments,  in- 
deed, now  controverted,  always  proceed  on  the  admission  that  the  inter- 
nal nucleus  is  in  a  state  of  fusion. 

It  may  be  said  that  we  may  stand  upon  the  hardened  surface  of  a  lavar 
current  while  it  is  still  in  motion, — nay,  may  descend  into  the  crater  of 
Yesuvius  after  an  eruption,  and  stand  on  the  scoriae  while  every  crevice 
shows  that  the  rock  is  red-hot  two  or  three  feet  below  us  ;  and  at  a 
somewhat  greater  depth,  all  is,  perhaps,  in  a  state  of  fusion.  May  not. 
then,  a  much  more  intense  heat  be  expected  at  the  4epth  of  several 
hundred  yards,  or  miles  ?  The  answer  is, — that  until  a  great  quantity 
of  heat  h^  been  given  off,  either  by  the  emission  of  lava^  or  in  a  latent 
form  by  the  evolution  of  steam  and  gas,  the  melted  matter  continues  to 
boil  in  the  crater  of  a  volcano.  B,ut  ebullition  ceases  when  there  is  no 
bnger  a  sufficient  supply  of  heat  from  below,  and  then  a  crust  of  lava 
may  form  on  the  top,  and  showers  of  scoriae  may  then  descend  upon 
the  surface,  and  remain  uxmielted.  If  the  internal  heat  be  raised  again, 
ebullition  will  recommence,  and  soon  fuse  the  superficial  crust.  So  in 
the  case  of  the  moving  current,  we  may  safely  assiune  that  no  part  of 
the  liquid  beneath  the  hardened  surface  is  much  above  the  temperature 
sufficient  to  retain  it  in  a  state  of  fluidity. 

It  may  assist  us  in  fonning  a  clearer  view  of  the  doctrine  now  con- 
troverted, if  we  consider  what  would  happen  were  a  globe  of  homoge- 
neous composition  placed  under  circumstances  analogous,  in  r^ard  to 
the  distribution  of  heat,  to  those  above  stated.  If  the  whole  planet,  for 
example,  were  composed  of  water  covered  with  a  spheroidal  crust  of  ice 
fifty  miles  thick,  and  with  an  interior  ocean  having  a  central  heat  about 
two  hundred  times  that  of  the  melting  point  of  ice,  or  6400^  F. ;  and  if, 
between  the  surface  and  the  centre,  there  was  every  uitermediate  degree 
of  temperature  between  that  of  melting  ice  and  that  of  the  central  nu- 
cleus ; — could  such  a  state  of  things  last  for  a  moment  ?  If  it  must  be 
conceded,  in  this  case,  that  the  whole  spheroid  would  be  inatantiy  in  a 
state  of  violent  ebullition,  that  the  ice  (instead  of  being  strengthened 
annually  by  new  internal  layers)  would  soon  melt,  and  form  part  of  an 
atmosphere  of  steam — on  what  principle  can  it  be  maintained  that  anal- 
ogous effects  would  not  follow,  in  regard  to  the  earth,  under  the  condi- 
tions assumed  m  the  theory  of  central  heat  ?* 

*  The  above  remaito  are  reprinted  verbatim  from  mjf  third  ediiioii.  May,  1884 
A  memoir  was  afterwards  communicated  by  M.  Pouson  to  the  Academy  of 
Sdenoea,  Jannary,  1837,  on  the  solid  parts  of  the  clobe,  containing  an  epitome  of  a 
WOTk  entitled  "Tlitoie  Matli6matiqtie  de  la  Chalem;"  published  in  1885.  In  this 
'  ■  he  controverts  the  doctrine  of  the  hig^  temperature  of  a  central  flmd  on 
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M.  Cordier  adnuts  that  there  most  be  tides  in  the  intenuil  melted 
ocean ;  but  their  effect,  he  says,  has  become  feeble,  although  originally, 
when  the  fluidity  of  the  globe  was  perfect,  ''  the  rise  and  fall  of  these 
ancient  land  tides  conld  not  hare  been  less  than  from  thirteen  to  sixteen 
feet"  Now,  granting  for  a  moment,  that  these  tides  hare  become  so 
feeble  as  to  be  incapable  of  cannng  the  fissnred  shell  of  the  earth  to  be 
first  uplifted  and  then  depressed  every  six  hours,  stQl  may  we  not  ask 
whether,  during  eruptions,  the  lava,  which  is  supposed  to  communicate 
with  a  great  central  ocean,  would  not  rise  and  fall  sensibly  in  a  enter 
such  as  Stiomboli,  where  there  is  always  melted  matter  in  a  state  of 
ebuUition  ? 

WJuther  chenUeal  ehangeB  may  produce  voleank  heat, — ^Havmg  now 
explained  the  reasons  which  have  induced  me  to  question  the  hypothesis 
of  cential  heat  as  the  primary  source  of  volcanic  action,  it  rcdiains  to 
consider  what  has  been  termed  the  chemical  theoiy  of  volcanoes.  It  is 
well  known  that  many,  perhaps  all,  of  the  substances  of  which  the  esrth 
is  composed  are  continually  undergoing  chemical  changes.  To  what 
depth  these  processes  may  be  continued  downwards  must,  in  a  great 
degree,  be  matter  of  conjecture ;  but  there  is  no  reason  to  suspect  that, 
if  we  could  descend  to  a  great  distance  from  the  suiface,  we  ahould  find 
elementary  substances  differing  essentially  from  those  with  which  we  are 
acquunted. 

All  the  solid,  fluid,  and  gaseous  bodies  known  to  us  consist  of  a  very 
small  number  of  these  elementary  substances  variously  combined :  the 
total  number  of  elements  at  present  known  is  less  thim  sixty ;  and  not 
half  of  these  enter  into  the  composition  of  the  more  abundant  inorganie 
productions.  Some  portions  of  such  compounds  are  daily  undergoing 
decomposition,  and  their  constituent  parts  being  set  free  are  passing  into 
new  combinations.  These  processes  are  by  no  means  confined  to  miner- 
als at  the  earth's  surface,  and  are  very  often  accompanied  by  the  eYchh 
tion  of  heat,  which  is  intense  in  proportion  to  the  rapidity  of  the  combi- 
nations.   At  the  same  time  there  is  a  development  of  electricity. 

The  spontaneous  combustion  of  bMs  of  bituminous  shale,  and  of  refuse 
coal  thrown  out  of  mines,  is  generally  due  to  the  decompodtion  of  pyrites ; 
and  it  is  the  contact  of  air  and  water  which  brings  about  the  change. 
Heat  results  from  the  oxidation  of  the  sulphur  and  iron,  though  on  what 
principle  heat  is  generated,  when  two  or  more  bodies  having  a  strong 
affinity  for  each  other  unite  suddenly,  is  wholly  unexplained. 

ElectncUy  a  eource  of  volcanic  heat. — ^It  has  already  been  stated,  that 
chemical  changes  develop  electricity;  which,  in  its  turn,  becomes  a 
powerful  disturbing  cause.  As  a  chemical  agent,  says  Davy,  its  silent 
and  slow  operation  in  the  economy  of  nature  is  much  more  important 
than  its  grand  and  impressive  operation  in  lightning  and  thunder.  It 
may  be  considered,  not  only  as  directly  producing  an  infinite  variety  of 

rimflar  gromids  to  those  abo^e  stated.  He  imagines,  that  if  the  globe  ever  paased 
from  a  Uqaid  to  a  sdid  state  by  radiatkn  of  heat,  the  central  nndeus  most  have 
began  to  oool  and  consolidate  first 
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changes,  but  as  influencing  almost  all  'vrhicb  take  place ;  it  would  seem, 
indeed*  that  chemical  attraction  itself  is  only  a  peculiar  foim  of  the  exhi* 
bition  of  electrical  attraction.* 

Now  that  it  has  been  demonstrated  that  magnetism  and  electrici^ 
are  always  associated,  and  are  perhaps  only  different  conditions  of  the 
same  power,  the  phenomena  of  terrestrial  magnetism  have  become  of 
no  ordinary  interest  to  the  geologist  Soon  after  the  first  great  dis- 
eoTcries  of  Oersted  in  electro-magnetism.  Ampere  suggested  that  all 
the' phenomena  of  the  magnetic  needle  might  be  explained  by  suppos- 
ing currents  of  electricity  to  circulate  constantly  in  the  shell  of  the 
globe  in  directions  parallel  to  the  magnetic  equator.  This  theory  has 
acquired  additional  consistency  the  farther  we  have  advanced  in  science ; 
and  according  to  the  experiments  of  Mr.  Fox,  on  the  electro-magnetic 
properties  of  metalliferous  veins,  some  trace  of  electric  currents  seems  to 
have  been  detected  in  the  interior  of  the  earth.f 

Borne  philosophers  ascribe  these  currents  to  the  chemical  action  going 
on  in  the  superficial  parts  of  the  globe  to  which  air  and  water  have  the 
readiest  access ;  while  others  refer  them,  in  part  at  least,  to  thermo- 
electricity excited  by  the  solar  rays  on  the  surface  of  the  earth  during 
its  rotation ;  successive  parts  of  the  atmosphere,  land,  and  sea  being 
exposed  to  the  influence  of  the  sun,  and  then  cooled  again  in  the  night. 
That  this  idea  is  not  a  mere  speculation,  is  proved  by  the  correspond- 
ence of  the  diurnal  variations  of  the  magnet  with  the  apparent  motion 
of  the  sun ;  and  by  the  greater  amount  of  variation  in  summer  than  in 
winter,  and  during  the  day  than  in  the  night  M.  de  la  Rive,  although 
conceding  that  such  minor  variations  of  the  needle  may  be  due  to 
thermo-electricity,  contends  that  the  general  phenomena  of  terrestrial 
magnetism  must  be  attributed  to  currents  far  more  intense;  which, 
though  liable  to  secular  fluctuations,  act  with  much  greater  constancy 
and  regularity  than  the  causes  which  produce  the  diurnal  variations.! 
The  remark  seems  just ;  yet  it  is  difficult  to  assign  limits  to  the  accu- 
mulated influence  even  of  a  very  feeble  force  constantly  acting  on  the 
whole  surface  of  the  earth.  This  subject,  however,  must  evidently 
remain  obscure,  until  we  become  acquainted  with  the  causes  which  give 
a  determinate  direction  to  the  supposed  electric  currents.  Already  the 
experiments  of  Faraday  on  the  rotation  of  magnets  have  led  him  to 
speculate  on  the  manner  in  which  the  earth,  when  once  it  had  become 
magnetic,  might  produce  electric  currents  within  itself,  in  consequence 
of  its  diurnal  rotation.§  We  have  seen  also  in  a  former  chapter  (p.  129) 
that  the  recent  observations  of  Schwabe,  1852,  have  led  Col.  Sabine  to 
the  discovery  of  a  connection  between  certain  periodical  changes,  which 
take  place  in  the  spots  on  the  sun,  and  a  certain  cycle  of  variations  in 
terrestrial  magnetism.    These  seem  to  point  to  the  existence  of  a  solar 

•  OoiiflQUtioQs  in  Travel,  p  271.  f  FhiL  Trans.  1880,  p.  Z99. 

i  Bibliotb.  Univers.  1888,  Electricity 

I  FhiL  TraoB.  1882,  p  176 ;  sIm  pp  172, 178,  ifcc 
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magnetio  period,  and  suggest  the  idea  of  the  aon's  magnetasm  exertiiig 
an  influence  on  the  mass  of  our  planet 

In  regard  to  thermo-electricity,  I  may  remark,  that  it  may  be  gener- 
ated by  great  inequalities  of  (temperature,  arising  from  a  partial  distri- 
bution of  volcanic  heat  Whoever,  for  example,  masses  of  rock  occur 
of  great  hori»)ntal  extent,  and  of  considerable  depth,  which  are  at  one 
point  in  a  state  of  fusion  (as  beneath  some  actiye  yolcano)  ;  at  another, 
red-hot;  and  at  a  third,  comparatively  cold-*— strong  thermo-eleetric 
action  may  be  excited. 

Some,  perhaps,  may  object,  that  this  is  reasoning  in  a  circle ;  first  to 
introduce  electricity  as  one  of  the  primary  causes  of  volcanic  heat,  and 
then  to  derive  the  same  heat  from  thermo-electric  currents.  But  there 
must,  in  truth,  be  much  reciprocal  action  between  the  agents  now  und» 
consideration ;  and  it  is  very  difficult  to  decide  which  should  be  re- 
garded as  the  prime  mover,  or  to  i^e  where  the-  train  of  changes,  once 
begun,  would  terminate*  Whether  subterranean  electric  currents  if 
once  excited  might  sometimes  possess  the  decomposing  power  of  the 
voltaic  pile,  is  a  question  not  perhaps  easily  answered  in  the  present 
state  of  science ;  but  such  a  power,  if  developed,  would  at  once  supply 
us  with  a  never-failing  source  of  chemical  action  from  which  volcimb 
heat  might  be  derived.  ^ 

EecapittUatum. — ^Before  entering,  in  the  next  chapter,  still  farther 
into  the  inquiry,  how  far  the  ph^iomena  of  volcanoes  and  earthquakes 
accord  with  the  hypothesis  of  a  continued  generation  of  heat  by  chemi- 
cal action,  it  may  be  desirable  to  recapitulate,  in  a  few  words,  the  con- 
clusions already  obtained. 

1st.  The  primary  causes  of  the  volcano  and  the  earthquake  are,  to  a 
great  extent,  the  same,  and  must  be  connected  with  the  passage  of  heat 
from  the  interior  to  the  surface. 

2dly.  This  heat  has  been  referred,  by  many,  to  a  supposed  state  of 
igneous  fusion  of  the  central  parts  of  the  planet  when  it  was  first 
created,  of  which  a  part  still  remains  in  the  interior,  but  is  always 
diminishing  in  intensity. 

3dly.  The  spheroidal  figure  of  the  earth,  adduced  in  support  of  this 
theory,  does  not  of  necessity  imply  a  universal  and  simultaneous 
fluidity,  in  the  beginning ;  for  supposmg  the  original  figure  of  our  planet 
had  been  strictly  spherical — ^which,  however,  is  a  gratuitous  assumption^ 
resting  on  no  established  analogy — ^still  the  statical  figure  must  have 
been  assumed,  if  sufficient  time  be  allowed,  by  the  gradual  operation  pf 
the  centrifugal  force,  acting  on  the  materials  brought  successively  within 
its  action  by  aqueous  and  igneous  causes. 

4thly.  It  appears,  from  experiment,  that  the  heat  in  mines  increases 
progressively  with  their  depth ;  and  if  the  ratio  of  increase  be  continued 
uniformly  from  the  surface  to  the  interior,  the  whole  globe,  with  the 
exception  of  a  small  external  shell,  must  be  fluid,  and  the  central  parts 
must  have  a  temperature  many  times  higher  than  that  of  melted  iron. 

5thly.  But  the  theory  adopted  by  M.  Cordier  and  others,  which 
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nmipfMnft  the  aciual  existence  of  suob  a  state  of  things,  seems  wholly 
inconsbtent  with  the  laws  which  regulate  the  circulation  of  heat  through 
fluid  bodies.  For,  if  the  central  heat  were  as  intense  as  is  represented, 
there  must  be  a  circulation  of  currents,  tending  to  equalize  the  tempera- 
ture of  the  resulting  fluids,  and  the  solid  crust  itself  would  be  melted. 

Sthly.  Instead  of  an  original  central  heat,  we  may,  perhaps,  refer  the 
heat  of  the  interior  to  chemical  changes  constantly  going  on  in  the  earth's 
crust ;  for  the  general  eSeot  of  chemical  combination  is  the  evolution  of 
heat  and  electricity,  which  in  their  turn  become  sources  of  new  chemical 
changes. 


CHAPTER  XXXII, 

CAUSES   OF   EARTHQUAKES   AND   TOLCANOES — Continued. 

Beriew  of  the  proofii  of  intenud  heat — ^Theory  of  an  unozidated  metallic  nadeiia 
—Whether  the  deoompontion  of  water  may  be  a  aonroe  of  Yolcanie  heat — 
Geysers  of  Icelaod— Causes  of  earthquakes-— Wavelike  motioO'^EzpansiTe 
power  of  liquid  gases — Oosmeetion  between  the  state  of  the  atmosphere  and 
earthquakes — ^Permanent  uphearal  and  subsidence  of  land — Expansion  of  rocks 
by  heat — ^The  balance  of  dryland  how  preserved — Subsidence  in  excess — 
Gonduflion. 

When  we  reflect  that  the  largest  mountains  are  but  insignificant  pro- 
tuberances upon  the  surface  of  the  earth,  and  that  these  mountdns  are 
nevertheless  composed  of  different  parts  which  have  been  formed  in  suc- 
cession, we  may  well  feel  surprise  that  the  central  fluidity  of  the  planet 
should  have  been  called  in  to  account  for  volcanic  phenomena.  To  sup- 
pose the  entire  globe  to  be  in  a  state  of  igneous  fusion,  with  the  excep- 
tion of  a  solid  sheU,  not  more  than  from  thirty  to  one  hundred  miles 
thick,  and  to  imagine  that  the  central  heat  of  this  fluid  spheroid  exceeds 
by  more  than  two  hundred  times  that  of  liquid  lava,  is  to  introduce  a 
force  altogether  disproportionate  to  the  effects  which  it  is  required  to 
explain. 

The  ordinary  repose  of  the  surface  hnplies,  on  the  contrary,  an  inert- 
ness in  the  mternal  mass  which  is  truly  wonderful.  When  we  consider 
the  combustible  nature  of  the  elements  of  the  earth,  so  far  as  they  are 
known  to  us, — the  facility  with  which  then:  compounds  may  be  decpm- 
posed  and  made  to  enter  into  new  combinations, — ^the  quantity  of  heat 
which  they  evolve  during  these  processes ;  when  we  recollect  the  expan 
sive  power  of  steam,  and  that  water  itself  is  composed  of  two  gases  which, 
by  their  union,  produce  intense  heat;  when  we  call  to  mind  the  number 
of  explosive  and  detonating  compounds  which  have  been  already  discov- 
ered, we  may  be  allowed  to  share  the  astonishment  of  Pliny,  that  a  single 

35 
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day  should  pass  without  a  general  conflagration : — "  Ezcedit  profecid 
omnia  miracula,  ullum  diem  fuisse  quo  non  cuncta  conflagrarent"* 

The  signs  of  internal  heat  observable  on  the  surface  of  the  earth  do 
not  necessarily  indicate  the  permanent  existence  of  subterranean  heated 
masses,  whether  fluid  or  solid,  by  any  means  so  vast  as  our  continents 
and  seas ;  yet  how  insignificant  would  these  appear  if  distributed  through 
an  external  shell  of  the  globe  one  or  two  hundred  miles  in  depth !  The 
principal  facts  in  proof  of  the  accumulation  of  heat  below  the  surface 
may  be  summed  up  m  a  few  words.  Several  volcanoes  are  constantly 
in  eruption,  as  Stromboli  and  Nicaragua ;  others  are  known  to  have  been 
active  for  periods  of  60,  or  even  150  years,  as  those  of  Sangay  in  Quito, 
Popocatepetl  in  Mexico,  and  the  volcano  of  the  Isle  of  Bourbon.  Many 
craters  emit  hot  vapors  in  the  mtervals  between  eruptions,  and  solfataras 
evolve  incessantly  the  same  gases  as  volcanoes.  Steam  of  high  temper- 
ature has  continued  for  more  than  twenty  centuries  to  issue  from  the 
"  stufas,"  as  the  Italians  call  them ;  thermal  springs  abound  not  only 
in  regions  of  earthquakes,  but  are  found  in  almost  all  countries,  however 
distant  from  active  vents ;  and,  lastly,  the  temperature  in  the  mines  of 
various  parts  of  the  world  is  found  to  increase  in  proportion  as  we  de- 
scend. 

The  diagram  (fig.  93)  in  the  next  page,  may  convey  some  idea  of  the 
proportion  which  our  continents  and  the  ocean  bear  to  the  radius  of  the 
earth.f  If  all  the  land  were  about  as  high  as  the  Himalaya  mountains, 
and  the  ocean  everywhere  as  deep  as  the  Pacific,  the  whole  of  both 
might  be  contained  within  a  space  expressed  by  the  thickness  of  the  line 
a  b ;  and  masses  of  nearly  equal  volume  might  be  placed  in  the  space 
marked  by  the  line  c  d,  in  the  interior.  Seas  of  lava,  therefore,  of  the 
size  of  the  Mediterranean,  or  even  of  the  Atiantic,  would  be  as  nothing 
if  distributed  through  such  an  outer  shell  of  the  globe  as  is  represented 
by  the  shaded  portion  of  the  figure  abed.  If  throughout  that  space 
we  imagine  electro-chemical  causes  to  be  continually  m  operation,  even 
of  very  feeble  power,  they  might  give  rise  to  heat  which,  if  accumulated 
at  certain  points,  might  melt  or  render  red-hot  entire  mountains,  or  sus- 
tain the  temperature  of  stufas  and  hot  springs  for  ages. 

Theory  of  an  unqxidated  metallic  nucleus. — ^When  Sir  H.  Davy  first 
discovered  the  metallic  basis  of  the  earths  and  alkalies,  he  threw  out  the 
idea  that  those  metals  might  abound  in  an  unoxidized  state  in  the  sub- 
terranean regions  to  which  water  must  occasionally  penetrate.  When- 
ever this  happened,  gaseous  matter  would  be  set  free,  the  metals  would 
combine  with  the  oxygen  of  the  water,  and  sufficient  heat  might  be 
evolved  to  melt  the  surrounding  rocks.  This  hypothesis,  although  after- 
wards abandoned  by  its  author,  was  at  first  very  favorably  recdved 
both  by  the  chemist  and  the  geologist :  for  silica,  alumina,  lime,  soda»  and 
oxide  of  iron, — substances  of  which  lavas  are  principally  composed, — 

•  Hist.  Mundi,  lib.  il  cl  107. 

f  Reduced,  by  permiwion,  from  a  ^gure  in  plate  40  of  Sir  H.  De  la  Bacheli 
Geological  Sections  and  Vlewa 
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would  all  result  from  the  contact  of  the  inflammable  metals  alluded  to 
with  water.  But  whence  this  abundant  store  of  unsaturated  metals  in 
the  interior  ?    It  was  assumed  that,  in  the  beginning  of  things,  the 

Fife.  98. 


GaotnoltbeaMtli. 

nucleus  of  the  earth  was  mainly  composed  of  inflammable  metals,  and 
that  ozidataon  went  on  with  mtense  energy  at  first ;  till  at  length,  when 
a  superficial  crust  of  ondes  had  been  formed,  the  chemical  action  be- 
came more  and  more  languid. 

This  speculation,  like  all  others  respecting  the  primitive  state  of  the 
earth's  nucleus,  rests  unavoidably  on  arbitrary  assumptions.    But  we 
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may  faiiij  inquire  whether  any  eadstmg  caoses  may  have  the  power  <^ 
deoxidating  the  earthy  and  alkaUne  compounds  formed  from  time  to 
time  by  the  action  of  water  upon  the  metallic  bases.  If  8o»  and  if  the 
original  crust  or  nucleus  of  the  planet  contained  distributed  through  it 
here  and  there  some  partial  stores  of  potassium,  sodium,  and  other  me- 
tallic bases,  these  might  be  oxidated  and  again  deoxidated,  so  as  to  sus- 
tain for  ages  a  permanent  chemical  action.  Yet  even  then  we  should 
be  unable  to  explain  why  such  a  continuous  circle  of  operations,  after 
having  been  kept  up  for  thousands  of  years  in  one  district,  should  en- 
tirely cease,  and  why  another  region,  which  had  enjoyed  a  respite  from 
Tolcanic  action  for  one  or  many  geological  periods,  should  become  a  the* 
atre  for  the  deyelopment  of  subterranean  heat 

It  is  well  known  to  chemists,  that  the  metallixation  of  oxides,  the 
most  difficult  to  reduce,  may  be  eflfected  by  hydrogen  brought  into  con- 
tact with  them  at  a  red  heat ;  and  it  is  more  than  probable  that  the 
production  of  potassium  itself,  in  the  common  gun-barrel  process,  is  due 
to  the  power  of  nascent  hydrogen  derived  from  the  water  which  the 
hydrated  oxide  contuns.  According  to  the  recent  experiments,  also,  of 
Faraday,  it  would  appear  that  every  case  of  metallic  reduction  by  vol- 
taic agency,  from  satine  solutions,  in  which  water  is  present,  is  due  to 
the  secondary  action  of  hydrogen  upon  the  oxide ;  both  of  these  h&ng 
determined  to  the  negative  pole  and  then  reacting  upon  one  another. 

It  is  admitted  that  intense  heat  would  be  produced  by  the  occasion&l 
contact  of  water  with  the  metallic  bases ;  and  it  is  certain  that,  during 
the  process  of  saturation,  vast  volumes  of  hydrogen  must  be  evolved. 
The  hydrogen,  thus  generated,  might  permeate  the  crust  of  the  earth 
in  different  directions,  and  become  stored  up  for  ages  m  fissures  and 
caverns,  sometimes  in  a  liquid  form,  under  the  necessary  pressure. 
Whenever,  at  any  subsequent  period,  in  consequence  of  the  changes 
effected  by  earthquakes  in  the  sheU  of  the  earth,  this  gas  happened  to 
come  in  contact  with  metallic  oxides  at  a  high  temperature,  the  reduc- 
tion of  these  oxides  might  be  the  result. 

No  theory  seems  at  first  more  startling  than  that  which  represents 
water  as  affording  an  inexhaustible  supply  of  fuel  to  the  volcanic  fires ; 
yet  is  it  by  no  means  visionary.  It  is  a  fact  that  must  not  be  overlooked, 
that  while  a  great  number  of  volcanoes  are  entirely  submarine,  the  re- 
mainder occur  for  the  most  part  in  islands  or  maritime  tracts.  There 
are  a  few  exceptions ;  but  some  of  these,  observes  Dr.  Daubeny,  are  near 
inland  salt  lidces,  as  in  Central  Tartary ;  while  others  form  part  of  a 
train  of  volcanoes,  the  extremities  of  which  are  near  the  sea. 

Sir  H.  Davy  suggested  that,  when  the  sea  is  distant,  as  in  the  case  of 
some  of  the  South  American  volcanoes,  they  may  still  be  supplied  with 
water  from  subterranean  lakes;  since,  according  to  Humboldt,  large 
quantities  of  fish  are  often  thrown  out  during  eruptions.*  Mr.  Dana 
also,  in  his  valuable  and  origmal  observations  on  the  volcanoes  of  the 

•  FbiL  TraDS.  1828,  p.  250. 


Oa.  XXXH]  SOtJBOBS  OF  YOLOASK)  HBAT.  54:9 

Sandwicli  Islands,  reminds  ns  of  the  prodigious  yolnme  of  atmospberic 
water  which  must  be  absorbed  into  the  interior  of  such  large  and  lofty 
domes,  composed  as  they  are  entirely  of  porous  lava.  To  this  source 
alone  he  refers  the  production  of  the  steam  by  which  the  melted  matter 
is  propelled  upwards,  even  to  the  summit  of  cones  three  miles  in  height.* 

When  treating  of  springs  and  overflowing  wells,  I  have  stated  that 
porous  rocks  are  percolated  by  fresh  water  to  great  depths,  and  that 
sea^water  probabfy  penetrates  in  the  same  manner  through  the  rocks 
which  form  the  bed  of  the  ocean.  But,  beades  this  universal  circu- 
lation in  regions  not  far  from  the  surface,  it  must  be  supposed  that, 
wherever  earthquakes  prevail,  much  larger  bodies  of  water  will  be 
forced  by  the  pressure  of  the  ocean  into  fissures  at  great  depths,  or 
swallowed  up  in  chasms ;  in  the  same  manner  as  on  the  land,  towns, 
houses,  cattle,  and  trees  are  sometimes  engulfed.  It  will  be  remem- 
bered, that  these  chasms  often  close  again  after  houses  have  fallen  into 
them ;  and  for  the  same  reason,  when  water  has  penetrated  to  a  mass 
of  melted  lava,  the  steam  into  which  it  is  converted  may  often  rush  out 
at  a  different  aperture  from  that  by  which  the  water  entered. 

The  gases,  it  is  said,  exhaled  from  volcanoes,  together  with  steam,  are 
such  as  would  result  from  the  decomposition  of  salt  water,  and  the 
fumes  which  escape  from  the  Yesuvian  lava  have  been  observed  to  de- 
posit common  salt.f  The  emission  of  free  muriatic  acid  gas  in  great 
quantities  is  also  thought  by  many  to  favor  the  theory  of  the  decompo- 
sition of  the  salt  contained  in  sea- water.  It  has  been  objected,  however, 
that  M.  Boussingault  did  not  meet  with  this  gas  in  his  examination  of  the 
elastic  fluids  evolved  from  the  volcanoes  of  equatorial  America ;  which 
only  give  out  aqueous  vapor  (in  very  lai^e  quantity),  carbonic  acid  gas, 
sulphurous  acid  gas,  and  sometimes  fumes  of  sulphur.^  In  reply.  Dr. 
Daubeny  has  remarked,  that  muriatic  acid  may  have  ceased  to  be  dis- 
engaged, because  the  volcanic  action  has  become  languid  in  equatorial 
America,  and  sea- water  may  no  longer  obtain  admission. 

M.  Gay  Lussac,  while  he  avows  his  opinion  that  the  decomposition 
of  water  contributes  largely  to  volcanic  action,  called  attention,  never- 
theless, to  the  supposed  fact,  that  hydrogen  had  not  been  detected  in 
a  separate  form  among  the  gaseous  products  of  volcanoes ;  nor  can  it, 
he  says,  be  present ;  for,  in  that  case,  it  would  be  inflamed  in  the  air 
by  the  red-hot  stones  thrown  out  during  an  eruption.  Dr.  Davy,  in 
hki  account  of  Graham  Island,  says,  *'  I  watched  when  the  lightning  was 
most  vivid,  and  the  eruption  of  the  greatest  degree  of  violence,  to  see  if 
there  was  any  inflammation  occasioned  by  this  natural  electric  spark — 
any  indication  of  the  presence  of  inflammable  gas ;  but  in  vain."g 

May  not  the  hydrogen,  Gay  Lussac  inquires,  be  combined  with  chlo- 
rine, and  produce  muriatic  acid  ?  for  this  gas  has  been  observed  to  be 
evolved  from  Vesuvius — and  the  chlorine  may  have  been  derived  from 

*  Geologj  of  American  Exploring  Expedition,  p.  869. 

{Davy,  FhiL  Truu.  1828,  p.  244.  • 

Ana  de  Chim.  et  de  Phys.  torn,  iil  p.  181.  §  PhiL  Tnuw.  1882,  p.  240 
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sea  salt ;  which  was,  in  fact,  extracted  by  simple  washing  from  the 
Yesuvian  lava  of  1822,  in  the  proportion  of  nine  per  cent.*  But  it 
was  answered,  that  Sir  H.  Davy's  experiments  had  shown,  that  hydro- 
gen is  not  combustible  when  mixed  with  muriatic  acid  gas ;  so  that  if 
muriatic  gas  was  evolved  in  large  quantities,  the  hydrogen  might  be 
present  without  inflammation.f  M.  Abich,  on  the  other  hand,  assures 
us,  "  that  although  it  be  true  that  vapor  illuminated  by  incandescent 
lava  has  often  been  mistaken  for  flame,"  yet  he  clearly  detected  in  the 
eruption  of  Vesuvius  in  1834  the  flame  of  hydrogen.^ 

M.  Gay  Lussac,  in  the  memoir  just  alluded  to,  expressed  doubt  as  to 
the  presence  of  sulphurous  acid ;  but  the  abundant  disengagement  of 
this  gas  during  eruptions  has  been  since  ascertained :  and  thus  all  diffi- 
culty in  regard  to  the  general  absence  of  hydrogen  in  an  inflammable 
state  is  removed ;  for,  as  Dr.  Daubeny  suggests,  .he  hydrogen  of  de- 
composed water  may  unite  with  sulphur  to  form  rolphuretted  hydrogen 
gas,  and  this  gas  will  then  be  mingled  with  the  sulphurous  acid  as  it 
rises  to  the  crater.  It  is  shown  by  experiment,  that  these  gases  mutu- 
ally decompose  each  other  when  mixed  where  steam  is  present ;  the 
hydrogen  of  the  one  immediately  uniting  with  the  oxygen  of  the  other 
to  form  water,  while  the  excess  of  sulphurous  acid  alone  escapes  into 
the  atmosphere.     Sulphur  is  at  the  same  time  precipitated. 

This  explanation  is  sufficient ;  but  it  may  also  be  observed  that  the 
flame  of  hydrogen  would  rarely  be  visible  during  an  eruption ;  as  that 
gas,  when  inflamed  in  a  pure  state,  bums  with  a  very  fiEunt  blue  flame, 
which  even  in  the  night  could  hardly  be  percepUble  by  the  ade  of  red- 
hot  and  incandescent  cinders.  Its  immediate  conversion  into  water 
when  inflamed  in  the  atmosphere,  might  also  account  for  its  not  appear- 
ing in  a  separate  form. 

Dr.  Daubeny  is  of  opinion  that  water  containing  atmospheric  air  may 
descend  from  the  surface  of  the  earth  to  the  volcanic  foci,  and  that  the 
same  process  of  combustion  by  which  water  is  decomposed  may  deprive 
such  subterranean  air  of  its  oxygen.  In  this  manner  he  explains  the 
great  quantities  of  nitrogen  evolved  from  volcanic  vents  and  thermal 
waters,  and  the  fact  that  air  disengaged  from  the  earth  in  volcanic  re- 
gions is  either  wholly  or  in  part  deprived  of  its  oxygen. 

Sir  H.  Davy,  in  his  memoir  on  the  "  Phenomena  of  Volcanoes,"  re- 
marks, that  there  was  every  reason  to  suppose  in  Vesuvius  the  exist- 
ence of  a  descending  current  of  £ur ;  and  he  imagined  that  subterranean 
cavities  which  threw  out  large  volumes  of  steam  during  the  erupUon, 
might  afterwards,  in  the  quiet  state  of  the  volcano,  become  filled  with 
atmospheric  air.§  The  presence  of  ammoniacal  salts  in  volcanic  emana- 
tions, and  of  ammonia  (which  is  in  part  composed  of  nitrogen)  in  lava, 
favors  greatly  the  notion  of  air  as  well  as  water  being  deoxidated  in  the 
interior  of  the  earth.  || 

*  Ann.  de  Chun,  et  de  Phy&  torn,  zzil 

i  Quart  Journ.  of^cL  1828,  p.  182,  note  by  editor.       X  Ph^nom.  Q4oL  Ac.  p.  91 
PhiL  Trans.  1828.  |  See  Daubeny,  £^c  Metrop.  part  40 
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It  has  been  all^d  by  Professor  Bischoff  that  the  slight  specific  grav- 
ity of  the  metals  of  the  alkalies  is  fatal  to  Davy's  hypothesLs,  for  if  the 
mean  density  of  the  earth,  as  determined  by  astronomers,  surpass  that 
of  all  kinds  of  rocks,  these  metals  cannot  exist,  at  least  not  in  great 
quantities  in  the  interior  of  the  earth.*  But  Dr.  Daubeny  has  shown, 
that  if  we  take  the  united  specific  gravity  of  potassium,  sodium,  silicon, 
iron,  and  all  the  materials  which,  when  united  with  oxygen,  constitute 
ordinary  lava,  and  then  compare  their  weight  with  lava  of  equal  bulk, 
the  difference  is  not  very  material,  the  specific  gravity  of  the  lava  only 
exceeding  by  about  one-fourth  that  of  the  unoxidized  metals.  Besides, 
at  gn^at  depths,  the  metallic  bases  of  the  earths  and  ailcalies  may  very 
probably  be  rendered  heavier  by  pressure.f  Nor  is  it  fair  to  embarrass 
the  chemical  theory  of  volcanoes  with  a  doctrine  so  purely  gratuitous, 
as  that  which  supposes  the  entire  nucleus  of  the  planet  to  have  been  at 
first  composed  of  unoxidated  metals. 

Professor  Bunsen  of  Marburg,  after  analysii^  the  gases  which  escape 
from  the  volcanic  fumeroles  and  solfataras  of  Iceland,  and  after  calcu- 
lating the  quantity  of  hydrogen  evolved  between  two  eruptions,  affirms, 
in  contradiction  of  opinions  previously  entertained,  that  the  hydrogen 
bears  a  perfect  relation  in  quantity  to  the  magnitude  of  the  streams  of 
lava,  assuming  the  fusion  of  these  last  to  have  been  the  result  of  the 
heat  evolved  during  the  oxidation  of  alkaline  and  earthy  metals,  and  this 
to  have  been  brought  about  by  the  decomposition  of  water.  Yet  after 
having  thus  succeeded  in  removing  the  principal  objection  once  so 
triumphantly  urged  against  Davy's  hypothesis,  Bunsen  concludes  by 
declaring  that  the  hydrogen  evolved  in  volcanic  regions  cannot  have 
been  generated  by  the  decomposition  of  water  coming  in  contact  with 
alkaline  and  earthy  metallic  bases.  For,  says  the  Professor,  this  process 
presupposes  the  prevalence  of  a  temperature  in  which  carbonic  acid  can- 
not exist  in  contact  with  hydrogen  without  suffering  a  partial  reduction 
to  carbonic  oxide ;  "  and  not  a  trace  of  carbonic  oxide  is  ever  found  in 
volcanic  exhalations.";^  At  the  same  time  it  will  be  seen,  by  consulting 
the  able  memoirs  of  the  Marburg  chemist,  that  he  supposes  many  ener- 
getic kinds  of  chemical  action  to  be  continually  going  on  in  the  interior 
of  the  earth,  capable  of  causing  the  disengagement  of  hydrogen ;  and 
there  can  be  no  doubt  that  this  gas  may  be  a  source  of  innumerable  new 
changes,  capable  of  producusg  the  local  development  of  internal  heat. 

Cause  qfvolcanie  eruptions. — ^The  most  probable  causes  of  a  volcanic 
outburst  at  the  surface  have  been  in  a  great  degree  anticipated  in  the 
preceding  speculations  on  the  liquefaction  of  rocks  and  the  generation  of 
gases.  When  a  minute  hole  is  bored  in  a  tube  filled  with  gas  condensed 
mto  a  liquid,  the  whole  becomes  instantly  aeriform,  or,  as  some  writers 
have  expressed  it,  "  flashes  mto  vapor,"  and  often  bursts  the  tube.    Such 

♦  Jam.  Ed.  New  PhiL  Joura  No.  11  p.  81. 

J  See  DaabeD/s  Reply  to  Bischofl^  Jam.  Ed.  New  PhIL  Jonm.  No.  liL  p.  291 ; 
note  in  No.  hiL  p.  158. 
t  Poggend.  Ann.  1851  translated,  Scl  Mem.  1852. 
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an  experiment  may  represent  the  mode  in  which  gaaeons  matter  may 
rush  through  a  rent  in  the  rocks,  and  continue  to  escape  for  days  of 
weeks  through  a  small  orifice,  with  an  explosive  power  sufficient  to  re- 
duce every  suhstance  which  opposes  its  passage  into  small  fragments  of 
even  dust.  Lava  may  be  propelled  upwards  at  the  same  time,  and  ejected 
in  the  form  of  scorise.  In  some  places,  where  the  fluid  lava  lies  at  the 
bottom  of  a  deep  fissure,  communicating  on  the  one  hand  with  the  sur- 
face, and  on  the  other  with  a  cayem  in  which  a  considerable  body  of 
vapor  has  oeen  formed,  there  may  be  an  efflux  of  lava,  followed  by  the 
escape  of  gas.  Eruptions  often  commence  and  close  with  the  discharge 
of  vapor ;  and,  when  this  is  the  case,  the  next  outburst  may  be  expected 
to  take  place  by  the  same  vent,  for  the  concluding  evolution  of  dastic 
fluids  will  keep  open  the  duct,  and  leave  it  unobstructed. 

The  breaking  out  of  lava  from  the  side  or  base  of  a  lofty  cone,  ratiier 
than  from  the  summit,  may  be  attributed  to  the  hydrostatic  pressure  to 
which  the  flanks  of  the  mountain  are  exposed,  when  the  column  of  lava 
has  risen  to  a  great  height.  Or  if,  before  it  has  reached  the  top,  there 
should  happen  to  be  any  stoppage  in  the  main  duct,  the  upward  pressure 
of  the  ascending  column  of  gas  and  lava  may  burst  a  lateral  opening. 

In  the  case  however  of  Mount  Loa,  in  the  Sandwich  Islands,  there 
appears  to  be  a  singular  want  of  connection  or  sympathy  between  the 
eruptions  of  the  central  and  the  great  lateral  vent.  The  great  volcanic 
cone  alluded  to  rises  to  the  height  of  13,760  feet  above  the  level  of  the 
sea,  having  a  crater  at  its  summit,  from  which  powerful  streams  of  lava 
have  flowed  in  recent  times,  and  having  another  still  larger  crater,  called 
Kilauea,  on  its  southeastern  slope,  about  4000  feet  above  the  sea.  This 
lateral  cavity  resembles  a  huge  quarry  cut  in  the  mountun's  side,  bong 
about  1000  feet  deep  when  in  its  ordinary  state.  It  is  seven  miles  and 
a  half  in  circuit,  and  scattered  over  its  bottom,  at  different  levels,  are 
lakes  and  poob  of  lava,  always  in  a  state  of  ebullition.  The  liquid  in  <xie 
of  these  will  sometimes  sink  100  or  160  feet,  while  it  is  overflowing  in 
another  at  a  higher  elevation,  there  being,  it  should  seem,  no  communi- 
cation between  them.  In  like  manner,  lava  overflows  in  the  summit 
crater  of  Mount  Loa,  nearly  14,000  feet  high,  while  the  great  lateral 
cauldron  just  alluded  to  (of  Kilauea)  continues  as  tranquil  as  usual,  afibrd- 
ing  no  relief  to  any  part  of  the  gases  or  melted  matter  which  are  forcmg 
their  way  upwards  in  the  centre  of  the  mountain.  "  How,"  asks  Mr. 
Dana,  "  if  there  were  any  subterranean  channel  connecting  the  two  great 
vents,  could  this  want  of  sympathy  exist  ?  How,  according  to  the  laws 
of  hydrostatic  pressure,  can  a  column  of  fluid  stand  10,000  feet  higher 
in  one  leg  of  the  siphon  than  in  the  other  ?'*  The  eruptions,  he  observes, 
are  not  paroxysmal ;  on  the  contrary,  the  lava  rises  slowly  and  gradually 
to  the  summit  of  the  lofty  cone,  and  then  escapes  there  without  any 
commotion  manifesting  itself  in  Kilauea,  a  gulf  always  open  on  the  flanks 
of  the  same  mountain.  One  conclusion,  he  says,  is  certain,  namely,  thai 
volcanoes  are  no  safety-valves  as  they  have  been  called ;  for  here  two 
independent  and  apparently  isolated  centres  ci  volcanic  activity,  only 


Ca.  xxxn.]  OETSEBfl  07  iohjlnd.  558 

sizteeD  miles  distant  from  each  other,  are  sustained  ib  one  and  the  same 
eone.* 

Without  pretending  to  solve  this  enigma,  I  cannot  refrain  from  re- 
maiidng,  that  the  supposed  independence  of  several  orifices  of  eniptaon 
in  one  crater  like  EiUuea,  when  adduced  in  confirmation  of  the  doctrine 
of  two  distinct  sources  of  volcanic  adtion  underneath  one  mountain, 
proves  too  much.  No  one  can  douht,  that  the  pools  of  lava  in  Kilauea 
have  been  derived  from  some  common  reservoir,  and  have  resulted  from 
a  combination  of  causes  commonly  called  volcanic,  which  are  at  work  in 
the  interior  at  some  unknown  distance  below.  These  causes  have  given 
rise  in  Mount  Loa  to  eruptions  from  many  points,  but  principally  from 
one  centre,  so  that  a  vast  dome  of  ejected  matter  has  been  piled  up. 
The.  subsidiary  crater  has  evidently  never  given  much  i*elief  to  the  im- 
prisoned, heated,  and  liquefied  matter,  for  Kilauea  does  not  form  a  lat- 
eral protuberance  interfering  with  the  general  shape  or  uniform  outline 
of  Mount  Loa. 

Oeyier$  of  Iceland, — As  aqueous  vapor  constitutes  the  most  abundant 
of  the  aeriform  products  of  volcanoes  in  eruption,  it  may  be  well  to  con- 
sider attentively  a  case  in  which  steam  is  excluavely  the  moving  power 
— ^that  of  the  Geysers  of  Iceland.  These  intermittent  hot  springs  occur 
in  a  district  situated  in  the  southwestern  division  of  Iceland,  where 
nearly  one  hundred  of  them  are  said  to  break  out  within  a  circle  of  two 
miles.  That  the  water  is  of  atmospheric  origin,  derived  from  nun  and 
melted  snow,  is  proved,  says  Professor  'Bunsen,  by  the  nitrogen  which 
rises  from  them  either' pure  or  mixed  with  other  gases.  The  springs 
rise  through  a  thick  current  of  lava,  which  may  perhaps  have  flowed 
from  Mount  Hecla,  the  summit  of  that  volcano  being  seen  from  the  spot 
at  the  distance  of  more  than  thirty  miles.  In  this  district  the  rushing 
of  water  is  sometimes  heard  in  chasms  beneath  the  surface ;  for  here, 
as  on  Etna,  rivers  flow  in  subterranean  channels  through  the  porous  and 
cavernous  lavas.  It  has  more  than  once  happened,  after  earthquakes, 
that  some  of  the  boiling  fountains  have  increased  or  ^minished  in  vio- 
lence and  volume,  or  entirely  ceased,  or  that  new  ones  have  made  thdr 
appearance— changes  which  may  be  explained  by  the  opening  of  new 
rents  and  the  closing  of  pre-existing  fissures. 

Few  of  the  Geysers  play  longer  than  five  or  six  mmutes  at  a  time, 
although  sometimes  half  an  hour.  The  intervals  between  their  eruptions 
are  for  the  most  part  very  irregular.  The  Great  Geyser  rises  out 
of  a  spacious  basin  at  the  summit  of  a  circular  mound  composed  of  «li- 
oeous  incrustations  deposited  from  the  spray  of  its  waters.  The  diame- 
ter of  this  basin,  in  one  direction,  is  fifty-six  feet,  and  forty-six  in  another. 
(See  fig.  94.)  In  the  centre  is  a  pipe  seventy-eight  feet  in  perpendicu- 
W  depth,  and  from  eight  to  ten  feet  in  diameter,  but  gradually  widening, 
as  it  rises  into  the  basin.  The  inside  of  the  basin  is  whitish,  consisting 
of  a  siliceous  crust,  and  perfectly  smooth,  as  are  likewise  two  small 

*  Proceed  Americ  Ajbsoc  1849. 
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channels  on  the  sides  of  the  mound,  down  which  the  water  escapes 
when  the  bowl  is  filled  to  the  margrin.  The  circular  basin  is  sometimes 
empty,  as  represented  in  the  following  sketch ;  but  is  usually  filled  with 
beautifully  transparent  water  in  a  state  of  ebullition.  During  the  rise 
of  the  boiling  water  in  the  pipe,  especially  when  the  ebullition  is  most 
violent,  and  when  the  water  is  thrown  up  in  jets,  subterranean  noises 
are  heard,  like  the  distant  firing  of  cannon,  and  the  earth  is  slightly 
shaken.    The  sound  then  increases  and  the  motion  becomes  more  violeot* 

Fig.  94. 


View  of  the  Crater  of  the  Great  Geyser  In  loelend.* 

till  at  length  a  column  of  water  is  thrown  up,  with  loud  explosions,  to 
the  height  of  one  or  two  hundred  feet.  After  playing  for  a  time  like 
an  artificial  fountain,  and  giving  off  great  clouds  of  vapor,  the  pip6  or 
.  tube  is  emptied  ;  and  a  column  of  steam,  rushing  up  with  amazing  force 
and  a  thundering  noise,  terminates  the  eruption. 

If  stones  are  thrown  into  the  crater,  they  are  instantly  ejected ;  an^ 
such  is  the  explosive  force,  that  very  hard  rocks  are  sometimes  shivered 
by  it  into  small  pieces.  Henderson  found  that  by  throwing  a  great 
quantity  of  large  stones  into  the  pipe  of  Strockr,  one  of  the  Geysers,  he' 
could  bring  on  an  eruption  in  a  few  minutes.f  The  fragments  of  stone, 
as  well  as  the  boiling  water,  were  thrown  in  that  case  to  a  much  greater 
height  than  usual.  After  the  water  had  been  ejected,  a  column  of  steam 
continued  to  rush  up  with  a  deafening  roar  for  nearly  an  hour ;  but  the 
Geyser,  as  if  exhausted  by  this  eflfort,  did  not  send  out  a  fresh  eruption 
when  its  usual  interval  of  rest  had  elapsed.  The  account  given  by  Sir 
George  Mackenzie  of  a  Geyser  which  he  saw  in  eruption  in  1810  (see 
fig«  ^S),  agrees  perfectly  with  the  above  description  by  Henderson.    5fl« 

♦  Reduced  from  a  sketch  given  by  Sir  W.  J.  Hooker,  in  his  Tour  in  Iceland 
vol  I  p.  149. 

t  Journal  of  a  Residence  in  Iceland,  p.  74. 
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steam  and  water  rose  for  half  an  hour  to  the  height  of  70  feet,  and  the 
white  column  remabed  perpendicular  notwithstanding  a  brisk  gale  oi 
wind  which  was  blowing  against  it.  Stones  thrown  into  the  pipe  were 
projected  to  a  greater  height  than  the  water.  To  leeward  of  the  vapor 
a  heavy  shower  of  ram  was  seen  to  falL* 


P1C.95U 


Eniptlon  of  the  New  Oeyier  In  1810.  (Mtckeiizlau) 

Among  the  different  theories  proposed  to  account  for  these  pLenom- 
ena,  I  shall  first  mention  one  suggested  by  Sir.  J.  Herschel.  An  imi- 
tation of  these  jets,  he  says,  may  be  produced  on  a  small  scale,  by  heat- 
ing red  hot  the  stem  of  a  tobacco  pipe,  filling  the  bowl  with  water,  and 
so  inclining  the  pipe  as  to  let  the  water  run  through  the  stem.  Its  es- 
cape, instead  of  taking  place  in  a  continued  stream,  is  then  performed  by 
a  succession  of  violent  explosions,  at  first  of  steam  alone,  then  of  water 
mixed  with  steam ;  and,  as  the  pipe  cools,  almost  wholly  of  water.  At 
every  such  paroxysmal  escape  of  the  water,  a  portion  is  driven  back,  ac- 
companied with  steam,  into  the  bowl.  The  intervab  between  the  explo- 
sions depend  on  the  heat,  length,  and  inclination  of  the  pipe ;  their  con- 
tinuance, on  its  thickness  and  conducting  power.f     The  application  of 

*  Mackenzie's  Iceland. 

t  MS.  read  to  GeoL  Soc.  of  London,  Feb.  29, 1882. 
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thi»  experimeBt  to  the  Geyseis  merelj  requireB  that  a  sabtarFaneaa 
stream,  flowing  through  the  pores  and  crerices  of  kiva^  should  suddenly 
reach  a  fissure  in  which  the  rock  is  red  hot  or  nearly  so.  Steam  would 
hnmediately  be  formed,  which,  rushing  up  the  fissure,  might  force  up 
water  along  with  it  to  the  surface,  while,  at  the  same  time,  part  of  the 
steam  might  drive  back  the  water  of  the  supply  for  a  certain  distance 
towards  its  source.  And  when,  after  the  space  of  some  minutes,  the 
steam  was  all  condensed,  the  water  would  return,  and  a  repetition  of  the 
phenomena  take  place. 

There  is,  however,  another  mode  of  explaining  the  action  of  the  Qej- 
ser,  perhaps  more  probable  than  that  above  described.  Suppose  water 
percolating  from  the  surface  of  the  earth  to  penetrate  into  the  subterra- 
i^9aa  cavity  A  D  (fig.  96)  by  the  fissures  F  F,  while,  at  the  same  time. 


Flg.H. 


^^^v       N  ^^  .  ■'U^'^'^'-'^^^ 


Sappofled  reeerrolr  and  pipe  of  a  QtyMt  in  Iceland.* 


Steam  at  an  extremely  high  temperature,  such  as  is  commonly  given  out 
from  the  rents  of  lava  currents  during  congelation,  emanates  from  the 
fissures  C.  A  portion  of  the  steam  is  at  first  condensed  into  water, 
while  the  temperature  of  the  water  is  raised  by  the  latent  heat  thus 
evolved,  till,  at  last,  the  lower  part  of  the  cavity  is  filled  with  boiling 
water  and  the  upper  with  steam  under  high  pressure.  The  expansive 
force  of  the  steam  becomes,  at  length,  so  great,  that  whe  water  is  forced 
up  the  fissure  or  pipe  E  B,  and  runs  over  the  rim  of  the  basin.  When 
the  pressure  is  thus  diminished,  the  steam  in  the  upper  part  of  the  cavity 
A  expands,  until  all  the  water  D  is  driven  into  the  pipe ;  and  when  this 


*  From  Sir  George  Mackenzie's  Icebmd. 
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happens,  the  steam,  bong  the  lighter  of  the  two  fluids,  rushes  up 
through  the  water  with  great  velocity.  If  the  pipe  be  choked  up  arti- 
nciallj,  even  for  a  few  minutes,  a  great  increase  of  heat  must  take  place ; 
for  it  is  prevented  from  escaping  in  a  latent  form  in  steam ;  so  that  the 
water  is  made  to  boil  more  violently,  and  this  brings  on  an  eruption. 

Professor  Bunsen,  before  cited,  adopts  this  theory  to  account  for  the 
play  ai  the  *'  Little  Geyser,"  but  says  it  will  not  explain  the  phenomena 
of  the  Great  one.  He  considers  this,  like  the  others,  to  be  a  thermal 
spring,  having  a  narrow  funnel-shaped  tube  in  the  upper  part  of  its 
course,  where  the  walls  of  the  channel  have  become  coated  over  with 
siliceous  incrustations.  At  the  mouth  of  this  tube  the  water  has  a 
temperature,  corresponding  to  the  pressure  of  the  atmosphere,  of  about 
212^  Fahr.,  but  at  a  certain  depth  below  it  b  much  hotter.  This  the 
professor  succeeded  in  proving  by  experiment;  a  thermometer  sus- 
pended by  a  string  in  the  pipe  riung  to  266^  Fahr.,  or  no  less  than  48 
degrees  above  the  boiling  point.  After  the  column  of  water  has  been 
expelled,  what  remains  in  the  basin  and  pipe  is  found  to  be  much  cooled. 

Previously  to  these  experiments  of  Bunsen  and  Descloiseaux,  made  in 
Iceland  in  1846,  it  would  scarcely  have  been  supposed  possible  that  the 
lower  part  of  a  free  and  open  column  of  water  could  be  raised  so  much 
in  temperature  without  causing  a  circulation  of  ascending  and  descend- 
ing currents,  followed  by  an  almost  immediate  equalization  of  heat. 
Such  circulation  is  no  doubt  impeded  greatly  by  the  sides  of  the  well 
not  being  vertical,  and  by  numerous  contractions  of  its  diameter,  but 
the  phenomenon  may  be  chiefly  due  to  another  cause.  According  to 
recent  experiments  on  the  cohesion  of  liquids  by  Mr.  Donny  of  Ghent, 
it  appears  that  when  water  is  freed  from  all  admixture  of  air,  its  tem- 
perature can  be  raised,  even  under  ordinaiy  atmospheric  pressure,  to 
275^  Fahr.,  so  much  does  the  cohesion  of  its  molecules  increase*  when 
they  are  not  separated  by  particles  of  ur.  As  water  long  boiled  be- 
comes more  and  more  deprived  of  air,  it  is  probably  very  free  from  such 
intermixture  at  the  bottom  of  the  Geysers. 

Among  other  results  of  the  experiments  of  Bunsen  and  his  com- 
panion, they  convinced  themselves  that  the  column  of  fluid  filling  the 
tube  is  constantly  receiving  accessions  of  hot  water  from  below,  while  it 
becomes  cooler  above  by  evaporation  on  the  broad  surface  of  the  basin. 
They  also  came  to  a  conclusion  of  no  small  interest,  as  bearing  on  the 
probable  mechanism  of  ordinaiy  volcanic  eruptions,  namely  that  the 
tube  itself  is  the  main  seat  or  focus  of  mechanical  foree.  This  was 
proved  by  letting  down  stones  suspended  by  strings  to  various  depths. 
Those  which  were  sunk  to  considerable  distances  from  the  surface  were 
not  cast  up  again,  whereas  those  nearer  the  mouth  of  the  tube  were  ejected 
to  great  heights.  Other  experiments  also  were  made  tending  to  de- 
monstrate the  singular  fact,  that  there  is  often  scarce  any  motion  below, 
when  a  violent  rush  of  steam  and  water  is  taking  place  above.     It  seems 

•  See  Mr.  Honier's  Anniveraary  Address,  Quart  Journ.  GeoL  Soa  1847,  liii 
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that  when  a  lofly  column  of  water  possesses  a  temperature  incresfling 
with  the  depth,  any  sh'ght  ehullition  or  disturbance  of  equilibrium  in  the 
upper  portion  may  first  force  up  water  into  the  basin,  and  then  cause  it 
to  flow  oyer  the  edge.  A  lower  portion,  thus  suddenly  relieved  of  part 
of  its  pressure,  expands  and  is  converted  into  vapor  more  rapidly  than 
the  first,  owing  to  its  greater  heat.  This  allows  the  next  subjacent 
stratum,  which  is  much  hotter,  to  rise  and  flash  into  a  gaseous  form ; 
and  this  process  goes  on  till  the  ehullition  has  descended  from  the 
middle  to  near  the  bottom  of  the  fimnel.* 

In  speculating,  therefore,  on  the  mechanism  of  an  ordinary  volcanic 
eruption,  we  may  suppose  that  large  subterranean  cavities  enst  at  the 
depth  of  some  miles  below  the  surface  of  the  earth,  in  which,  melted 
lava  accumulates ;  and  when  water  containing  the  usual  mixture  of  air 
penetrates  into  these,  the  steam  thus  generated  may  press  upon  tiie 
lava  and  force  it  up  the  duct  of  a  volcano,  in  the  same  manner  as  a 
column  of  water  b  driven  up  the  pipe  of  a  Qeyser.  In  other  cases  we 
may  suppose  a  continuous  column  of  liquid  lava  mixed  with  red-hot 
footer  (for  water  may  exist  in  that  state,  as  Professor  Bunsen  reminds 
us,  under  pressure),  and  this  column  may  have  a  temperature  regulaiiy 
increasing  downwards.  A  disturbance  of  equilibrium  may  fint  bring  on 
an  eruption  near  the  surface,  by  the  expansion  and  converaon  into  gas 
of  entangled  water  and  other  constituents  of  what  we  call  lava,  so  as  to 
occasion  a  diminution  of  pressure.  More  steam  would  then  be  liberated, 
carrying  up  with  it  jets  of  melted  rock,  which  being  hurled  up  into  the 
air  may  fall  in  showers  of  ashes  on  the  surrounding  country,  and  at 
length,  by  the  arrival  of  lava  and  water  more  and  more  heated  at  tiie 
orifice  of  the  duct  <m*  the  crater  of  the  volcano,  expansive  power  n»y  be 
acquired  sufficient  to  expel  a  massive  current  of  lava.  After  the  erup- 
tion has  ceased,  a  period  of  tranquillity  succeeds,  during  which  fresh 
accessions  of  heat  are  communicated  from  below,  and  additional  masses 
of  rock  fused  by  degrees,  while  at  the  same  tune  atmospheric  or  sea 
water  is  descending  from  the  surface.  At  length  the  conditions  re- 
quired for  a  new  outburst  are  obtained,  and  another  cycle  of  amilar 
changes  is  renewed. 

Caueee  of  earthquakes — vwve4ike  motion. — I  shall  now  proceed  to 
examine  the  manner  in  which  the  heat  of  the  interior  may  give  rise  to 
earthquakes.  One  of  the  most  common  phenomena  attending  subter- 
ranean movements,  is  the  undulatory  motion  of  the  ground.  And  this, 
says  Michdl,  will  seem  less  extraordinary,  if  we  call  to  mind  the  extreme 
elasticity  of  the  earth  and  the  compresnbility  of  even  the  most  solid 
materials.  Lai^  districts,  he  suggests,  may  rest  on  fluid  lava;  and, 
when  this  is  disturbed,  its  motions  may  be  propsgated  through  the  in- 
cumbent rocks.  He  also  adds  the  following  ingenious  speculation : — ^ 
"  As  a  small  quantity  of  vapor  almost  instantly  generated  at  some  con- 

•  liebig^s  AnDalen  der  Ohimie  nnd  Pharmacie,  trandated  in  **  Reports  sod 
Memoin"  of  Osvendiah  Soe.    London,  1849. 


GaXXXH]  wayb-ueb  uanas.  669 

mderable  depth  below  the  surface  of  the  earth  will  produce  a  yibratory 
motion,  so  a  veiy  large  quantity  (whether  it  be  generated  almost  in- 
stantly, or  in  any  small  portion  of  time)  will  produce  a  wave-lilce  mo- 
tion. The  manner  in  which  this  wave-like  motion  will  be>  propagated 
may,  in  some  measure,  be  represented  by  the  following  experiment: — 
Suppose  a  large  cloth,  or  carpet  (spread  upon  a  floor),  to  be  nused  at 
one  edge,  and  then  suddenly  brought  down  again  to  the  floor ;  the  air 
under  it»  being  by  this  means  propelled,  will  pass  along  till  it  escapes 
at  the  opposite  side,  raising  the  cloth  in  a  wave  all  the  way  as  it  goes. 
In  like  manner,  a  large  quantity  of  vapor  may  be  conceived  to  raise  the 
earth  in  a  wave,  as  it  passes  along  between  the  atrata,  which  it  may 
easily  separate  in  a  horizontal  direction,  there  being  little  or  no  cohesion 
between  one  stratum  and  another.  The  part  of  the  earth  that  is  first 
raised  being  bent  from  its  natural  form,  will  endeavor  to  restore  itself 
by  its  elasticity ;  and  the  parts  next  to  it  bdng  to  have  their  weight 
supported  by  the  vapor,  which  will  insinuate  itself  under  them,  will  be 
raised  in  their  turn,  till  it  either  finds  some  vent,  or  is  again  condensed 
by  the  cold  into  water,  and  by  that  means  prevented  from  proceeding 
any  farther."*  In  a  memoir  published  in  1843,  on  the  structure  of  the 
Appalachian  chain,  by  the  Professors  Boger8,f  the  following  hypothesiB 
is  proposed  as  *'  simpler  and  more  in  accordance  with  dynamical  con* 
aiderations,  and  the  recorded  observations  on  earthquakes." — ^^'In 
place,"  say  they,  "of  supposing  it  possible  for  a  body  of  vapor  or  gaseous 
matter  to  pass  horisontally  between  the  strata,  or  even  between  the 
crust  and  the  fluid  lava  upon  which  it  floats,  and  with  which  it  must 
be  closely  entangled,  we  are  inclined  to  attribute  the  movement  to  an 
actual  puUaUon,  engendered  in  the  molten  matter  iUfdf,  by  a  linear  dis- 
ruption  under  enormous  tension,  giving  vent  explosively  to  elastic  vapors, 
escaping  either  to  the  surface,  or  into  cavernous  spaces  beneath.  Ac- 
cording to  this  suppomtion,  the  movement  of  the  subterranean  vapors 
would  be  totoardit  and  not  from,  the  disrupted  belt,  and  the  oscillation 
of  the  crust  would  originate  in  the  tremendous  and  sudden  disturbance 
of  the  previous  pressure  on  the  surface  of  the  lava  mass  below,  brought 
about  by  the  instantaneous  and  violent  rending  of  the  overlying  strata." 
This  theory  requires  us  to  admit  that  the  crust  of  the  earth  is  so 
flexible,  that  it  can  assume  the  form,  and  follow  the  motion  of  an  undu- 
lation in  the  fluid  below.  Even  if  we  grant  this,  says  Mr.  Mallet,  another 
more  serious  objection  presents  itself,  viz.  the  great  velocity  attributed 
to  the  transit  of  the  wave  in  the  subterranean  sea  of  lava.  We  are  called 
upon  to  admit  that  the  speed  of  the  wave  below  equals  that  of  the  6rue 
Mrthquake  shock  at  the  surface,  which  is  so  immense,  that  it  is  not  in- 
ferior to  the  velocity  of  sound  in  the  same  solids.  But  the  undulation 
in  the  fluid  below  must  follow  the  laws  of  a  tidal  wave,  or  of  the  great 
sea-wave  already  spoken  of.     "  Its  velocity,  like  that  of  the  tidal  wave 

*  On  the  Cause  and  Phenomena  of  Earthquakes,  Phil  Trans,  vol  IL  sea  68, 
1760. 
t  Trans,  of  Assoc,  of  American  OeoL  1840-1842,  p.  620. 
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ci  our  seas,  will  be  a  fiiaction  of  its  length  and  of  the  depth  of  the  fluid, 
duninished  in  this  ease  by  certain  oooaidenUions  aa  to  the  density  amd 
degree  of  viscidity  of  the  liquid;  and. although  it  would  be  at  present 
impossible,  for  want  of  data,  to  calculate  the  exact  velocity  with  which 
this  subterraneous  lava- ware  could  move,  it  may  be  certainly  affinned 
that  its  velocity  would  be  immeasurably  short  of  the  observed  <»■  theo- 
retio  velocity  of  the  great  earth-wave,  or  true  shock  in  earthquakes."* 

Liquid  ^<Me9.-— The  rending  and  upheaving  of  contmental  masses  are 
operations  which  are  not  difi^ult  to  explain,  when  we  are  once  convinced 
that  heat,  of  suffiment  power,  not  only  to  melt  but  to  reduce  to  a  gase- 
ous form  a  great  variety  of  substances,  ia  accumulated  in  certain  parts 
of  the  interior.  We  see  that  elastic  fluids  are  capable  of  |»rojecting  soitd 
masses  to  immense  heights  m  the  air ;  and  the  volcano  of  Cotopaxi  has 
been  known  to  throw  out,  to  the  distance  of  eight  or  nine  miles,  a  mass 
of  rock  about  one  hundred  culnc  yards  in  volume.  When  we  observe 
these  aeriform  fluids  rushing  out  from  particular  vents  for  months,  or 
even  years,  continuously,  what  power  may  we  not  expect  them  to  exert 
in  other  places,  where  they  happen  to  be  confined  under  an  enornxras 
weight  of  rock  ? 

The  experiments  of  Faraday  and  others  have  shown,  within  the  last 
twelve  years,  that  many  of  the  gases,  including  all  those  which  are  most 
copiously  disengaged  from  volcanic  vents,  as  the  carbonic,  sulphurous, 
and  muriatic  acids,  may  be  condensed  into  liquids  by  pressure.  At 
temperatures  of  from  30°  to  50°  F.,  the  pressure  required  for  this  pur^ 
pose  varies  from  fifteen  to  fifty  atmospheres ;  and  this  amount  of  pres- 
sure we  may  regard  as  very  insignificant  in  the  operations  of  nature.  A 
column  of  Vesuvian  lava  that  would  reach  from  the  lip  of  the  crater  to 
the  level  of  the  sea,  must  be  equal  to  about  three  hundred  atmospheres; 
so  that,  at  depths  which  may  be  termed  moderate  in  the  intmor  of  the 
crust  of  the  earth,  the  gases  may  be  condensed  into  liquids^  even  at  very 
high  temperatures.  The  method  employed  to  reduce  some  of  these 
gases  to  a  liquid  state  is,  to  confine  the  materials,  from  the  nratual  action 
of  which  they  are  evolved,  in  tubes  hermetically  sealed,  so  that  the  ac- 
cumulated pressure  of  the  vapor,  as  it  rises  and  expands,  may  force 
some  part  of  it  to  assume  the  liquid  state.  A  similar  process  may,  and 
indeed  must,  frequently  take  place  in  subterranean  caverns  and  fissures, 
or  even  in  the  pores  and  cells  of  many  rocks ;  by  which  means,  a  much 
greater  store  of  expansive  power  may  be  packed  into  a  small  space  than 
could  happen  if  these  vapors  had  not  the  property  of  becoming  liquid. 
Fof,  although  the  gas  occupies  much  less  room  in  a  liquid  state,  yet  it 
exerts  exactly  the  same  pressure  upon  the  sides  of  the  containing  cavity 
as  if  it  remained  in  the  form  of  vapor. 

If  a  tube,  whether  ^  glass  or  other  materials,  filled  with  condensed 
gas,  have  its  temperature  slightly  raised,  it  will  often  burst ;  for  a  slight 
mcrement  of  heat  causes  the  elasticity  of  the  gas  to  increase  in  a  very 

•  Mallet,  p  89. 
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high  ratio.  We  hare  only  to  suppose  certain  rocks,  permeated  by  these 
liquid  gases  (as  porous  strata  are  sometimes  filled  with  water),  to  have 
their  temperature  raised  some  hundred  degrees,  and  we  obtain  a  power 
capable  of  lifting  superincumbent  masses  of  almost  any  conceivable  thick- 
ness ;  while,  if  the  depth  at  which  the  gas  is  confined  be  great,  there  is 
no  reason  to  suppose  that  any  other  appearances  would  be  witnessed  by 
the  inhabitants  of  the  surface  than  vibratory  movements  and  rents,  from 
which  no  vapor  might  escape.  In  making  their  way  through  fissures  a 
very  few  miles  only  in  kngth,  or  in  forcing  a  passage  through  soft  yield* 
mg  strata,  the  vapors  may  be  cooled  and  absorbed  by  water.  For  water 
has  a  strong  affinity  to  several  of  the  gases,  and  will  absorb  large  quan- 
titles,  with  a  very  slight  increase  of  volume.  In  this  manner,  the  heat 
or  the  volume  of  springs  may  be  augmented,  and  their  mineral  proper- 
ties  made  to  vary. 

CcwMction  between  the  state  of  ike  atmosphere  and  earthquakes, — ^The 
inhabitaQts  of  Stromboli,  who  are  mostly  fishermen,  are  said  to  make 
use  of  that  volcano  as  a  weather-glass,  the  eruptions,  being  compara- 
tively feeble  when  the  sky  is  serene,  but  increasing  m  turbulence  during 
tempestuous  weather^  so  that  in  winter  the  island  often  seems  to  shake 
from  its  foundations.  Mr.  P.  Scrope,  alter  calling  attention  to  these 
and  other  analogous  facts,  first  started  the  idea  (as  long  ago  as  the  year 
1825)  that  the  diminished  pressure  of  the  atmosphere,  the  concomitant 
of  stormy  weather,  may  modify  the  intensity  of  the  volcanic  action.  He 
suggests  that  where  liquid  laya  communicates  with  the  surface,  as  in 
the  crater  of  Stromboli,  it  may  rise  or  fall  in  the  vent  on  the  same  prin- 
ciple as  mercury  in  a  barometer ;  because  the  ebullition  or  expansive 
power  of  the  steam  contained  in  the  lava  would  be  checked  by  every 
inorease,  and  augmented  by  every  diminution  of  weight  In  like  man- 
ner, if  a  bed  of  liquid  lava  be  confined  at  an  immense  depth  below  the 
surface,  its  expansive  force  may  be  counteracted  partly  by  the  weight 
of  the  incumbent  rocks,  and  also  in  part  by  atmospheric  pressure  acting 
contemporaneously  on  a  vast  superficial  area.  In  that  case,  if  the  up- 
heaving force  increase  gradually  in  energy,  it  will  at  length  be  restramed 
by  only  the  slightest  degree  of  superiority  in  the  antagonist  or  repres- 
sive power,  and  then  the  equilibrium  may  be  suddenly  destroyed  by 
any  cause,  such  as  an  ascending  draught  of  air,  which  is  capable  of 
depressing  the  barometer.  In  this  manner  we  may  account  for  the 
remarkable*  coincidence  so  frequently  observed  between  the  state  of  the 
weather  and  subterranean  commotions,  although  it  must  be  admitted 
that  earthquakes  and  volcanic  eruptions  react  in  their  turn  upon  the 
atmosphere,  so  that  diBturbances  of  the  latter  are  generally  the  conse- 
quences rather  than  the  forerunners  of  volcanic  disturbances.* 

From  an  elaborate  catalogue  of  the  earthquakes  experienced  in  Eu- 
rope and  Syria  during  the  last  fifteen  centuries,  M.  Alexis  Perrey  has 
deduced  the  conclusion  that  the  number  which  happen  in  the  winter 

*  Sorope  on  YolcaaMi^  pp.  68-40. 
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season  preponderates  over  those  which  occur  m  any  one  of  the  other 
seasons  of  the  year,  there  being,  however,  some  exceptions  to  this  rule, 
as  in  the  Pyrenees.  Curious  and  valuable  as  are  these  data,  M.  d*Ar- 
chiac  justly  remarks,  in  commenting  upon  them,  that  they  are  not  aa 
yet  sufficiently  extensive  or  accordant  in  different  regions,  to  entitle  us 
to  deduce  any  general  conclusions  from  them  respecting  the  laws  of 
subterranean  movements  throughout  the  globe.* 

Permanent  elevation  and  mthsidence, — It  is  easy  to  conceive  that  the 
shattered  rocks  may  assume  an  arched  form  during  a  convulsion,  so 
that  the  country  above  may  remain  permanently  upheaved.  In  other 
cases  gas  may  drive  before  it  masses  of  liquid  lava,  which  may  thus  be 
injected  into  newly  opened  fissures.  The  gas  having  then  obtained 
more  room,  by  the  forcing  up  of  the  incumbent  rocks,  may  remain  at 
rest ;  while  the  lava  congealing  in  the  rents  may  afford  a  solid  founda- 
tion for  the  newly  raised  dbtrict. 

Experiments  have  recently  been  made  in  America,  by  Colonel  Totten, 
to  ascertain  the  ratio  according  to  which  some  of  the  stones  conAnonly 
used  in  architecture  expand  with  given  increments  of  heatf  It  was 
found  impossible,  in  a  country  where  the  annual  variation  of  tempera- 
ture was  more  than  90°  F.,  to  make  a  coping  of  stones,  five  feet  in 
length,  in  which  the  joints  should  fit  so  tightly  as  not  to  admit  water 
between  the  stone  and  the  cement ;  the  annual  contraction  and  expan- 
sion of  the  stones  causing,  at  the  junctions,  snull  crevices,  the  width  of 
which  varied  with  the  nature  of  the  rock.  It  was  ascertuned  that  fine- 
grained granite  expanded  with  1°  F.  at  the  rate  of  -000004825  ;  while 
crystalline  marble  -000005668;  and  red  sandstone  '000009532,  or 
about  twice  as  much  as  granite. 

Now,  according  to  this  law  of  expansion,  a  mass  of  sandstone  a  mtb 
in  thickness,  which  should  have  its  temperature  raised  200  F.,  would 
lift  a  superimposed  layer  of  rock  to  the  height  of  ten  feet  above  its 
former  level.  But,  suppose  a  part  of  the  earth's  crust,  one  hundred 
miles  in  thickness  and  equally  expansive,  to  have  its  temperature  raised 
600°  or  800°,  this  might  produce  an  elevation  of  between  two  and 
three  thousand  feet.  The  cooling  of  the  same  mass  might  afterwards 
cause  the  overlying  rocks  to  sink  down  again  and  resume  their  original 
position.  By  such  agency  we  might  explam  the  gradual  rise  of  Scan- 
dinavia or  the  subsidence  of  Greenland,  if  this  last  phenomenon  should 
also  be  established  as  a  fact  on  farther  inquiry. 

It  is  also  possible  that  as  the  clay  in  Wedgwood's  pyrometer  con- 
tracts, by  giving  off  its  water,  and  then,  by  incipient  vitrification;  so^ 
targe  masses  of  argillaceous  strata  on  the  earth's  interior  may  shrink, 
when  subjected  to  heat  and  chemical  changes,  and  allow  the  incumbent 
rocks  to  subside  gradually. 

Moreover,  if  we  suppose  that  lava  cooling  slowly  at  great  depths 

*  Archiac,  Viti.  des  Progr^s  de  la  Gdol,  1847,  vol  L  pp.  605-610. 
t  SiUixnan'B  American  Joum.  toL  xzil  p.  186.    The  application  of  thece  resnUi 
to  the  theory  of  earthquakes  was  first  si^pgested  to  me  by  Mr.  Babboge. 
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may  be  converted  into  yarious  granitic  rocks,  we  obtain  another  source 
of  depression;  for,  according  to  the  experiments  of  Deville  and  the 
calcnlations  of  Bischoff,  the  contraction  of  granite  when  passmg  from  a 
melted  or  plastic  to  a  solid  and  crystalline  state  must  be  more  than  ten 
per  cent.*  The  sudden  subsidence  of  land  may  also  be  occasioned  by 
subterranean  caverns  giving  way,  when  gases  are  condensed,  or  when 
they  escape  through  newly  ^formed  crevices.  The  subtraction,  more- 
over, of  matter  from  certain  parts  of  the  interior,  by  the  flowing  of  lava 
and  of  mineral  springs,  must,  in  the  course  of  ages,  cause  vacuities 
below,  so  that  the  undermined  surface  may  at  length  fall  in. 

The  balance  of  dry  land,  how  preserved, — In  the  present  state  of  our 
knowledge,  we  cannot  pretend  to  estimate  the  average  number  of  earth- 
quakes which  may  happen  in  the  course  of  a  single  year.  As  the  area  of 
the  ocean  is  nearly  three  times  that  of  the  land,  it  is  probable  that  about 
three  submarine  earthquakes  may  occur  for  one  exclusively  continental ; 
and  when  we  consider  the  great«frequency  of  slight  movements  in  cer- 
tain districts,  we  can  hardly  suppose  that  a  day,  if,  indeed,  an  hour,  ever 
passes  without  one  or  iuore  shocks  being  experienced  in  some  part  of 
the  globe.  We  have  also  seen  that  in  Sweden,  and  other  countries, 
changes  in  the  relative  level  of  sea  and  land  may  take  place  without 
commotion,  and  these  perhaps  produce  the  most  important  geographi- 
cal and  geological  changes ;  for  the  position  of  land  may  be  altered  to  a 
greater  amount  by  an  elevation  or  depression  of  one  inch  over  a  vast 
area,  than  by  the  sinking  of  a  more  limited  tract,  such  as  the  forest  of 
Aripao,  to  the  depth  of  many  fathoms  at  once.f 

It  must  be  evident,  from  the  historical  details  %bove  given,  that  the 
force  of  subterranean  movement,  whether  intermittent  or  continuous, 
whether  with  or  without  disturbance,  does  not  operate  at  random,  but  is 
developed  in  certain  regions  only ;  and  although  the  alterations  produced 
during  the  time  required  for  the  occurrence  of  a  few  volcanic  eruptions 
may  be  inconfflderable,  we  can  hardly  doubt  that,  during  the  ages 
necessary  for  the  formation  of  large  volcanic  cones,  composed  of  thou- 
sands of  lava  currents,  shoals  might  be  converted  into  lofty  mountains, 
and  low  lands  into  deep  seas. 

In  a  former  chapter  (p.  198),  I  have  stated  that  aqueous  and  igneous 
agents  may  be  regarded  as  antagonist  forces ;  the  aqueous  laboring  in- 
cessantly to  reduce  the  inequalities  of  the  earth's  surface  to  a  level, 
while  the  igneous  are  equally  active  in  renewing  the  unevenness  of  the 
surface.  By  some  geologists  it  has  been  thought  that  the  levelling  power 
of  running  water  was  opposed  rather  to  the  elevating  force  of  earth- 
quakes than  to  their  action  generally.  This  opinion  is,  however,  un- 
tenable ;  for  the  sinking  down  of  the  bed  of  the  ocean  is  one  of  the 
means  by  which  the  gradual  submersion  cf  land  is  prevented.  The  depth 
of  the  sea  cannot  be  increased  at  any  one  point  without  a  universal  fall 
of  the  waters,  nor  can  any  partial  deposition  of  sediment  occur  without 

♦  Bulletin  de  la  Soc  G^L  2d  sericB,  vol.  iv.  p.  1812.  f  See  p.  4S8. 
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the  displacement  of  a  quantity  of  water  of  equal  ydtam^  wUdi  wiH 
laiae  tixe  sea.  though  in  an  imperceptible  degree*  even  to  the  aniipodea. 
The  preserration*  therefore*  of  the  dry  land  may  aometimes  be  effected 
by  the  eubsidence  of  part  of  the  earth's  cmfit  (that  part*  namely*  which 
is  covered  by  the  ocean),  and  in  like  manner  an  upheaving  movement 
must  often  tend  to  destroy  hmd ;  for  if  it  render  the  bed  of  the  aea  more 
shallow,  it  will  displace  a  certain  quantity  of  water*  and  thna  tend  to 
submerge  low  tracts. 

Astronomers  having  proved  (see  above*  p.  129)  that  there  has  been 
no  change  m  the  diameter  of  the  earth  during  the  last  two  thousand 
years*  we  may  assume  it  as  probable,  that  the  dimewHons  of  the  planet 
remain  uniform.  If,  then,  we  inquire  in  what  manner  the  force  of  earth- 
quakes must  be  regulated*  in  wler  to  restore  perpetnally  the  inequalities 
of  the  surface  which  the  levelling  power  of  water  tends  to  efface*  it  will 
be  found*  that  tiie  amount  of  depression  must  exceed  that  of  elevadoo. 
It  would  be  otherwise  if  the  action  of  volcanoes  and  mineral  springs  were 
suspended ;  for  then  the  forcing  outwards  of  the  earth's  envelope  oogfat 
to  be  no  more  than  equal  to  its  sinking  in. 

To  understand  this  proposition  more  clearly*  it  must  be  borne  in  mind* 
that  the  deposits  of  rivers  and  currents  probably  add  as  much  to  the 
height  of  lands  which  are  rising,  as  they  take  from  those  which  have 
risen.  Suppose  a  large  river  to  bring  down  sediment  to  a  part  of  the 
ocean  two  thousand  feetdeep,  and  Uiat  the  depth  oi  this  part  is  gradually 
reduced  by  the  accumulation  of  sediment  till  only  a  shoal  renanis* 
covered  by  water  at  high  tides ;  if  now  an  upheaving  force  should  up- 
lift this  shoal  to  the  height  of  2000  feet*  the  result  would  be  a  mountain 
2000  feet  high.  But  had  the  movement  raised  the  same  part  of  the 
bottom  of  the  sea  before  the  sedimentof  the  river  had  filled  it  up ;  then* 
instead  of  changing  a  shoal  into  a  mountain  2000  feet  high*  it  would 
only  have  converted  a  deep  sea  into  a  shoal. 

It  appears*  then,  that  the  operations  of  the  earthquake  are  often  such 
as  to  cause  the  levelling  power  of  water  to  counteract  itself ;  and* 
although  the  idea  may  appear  paradoxical*  we  may  be  sure*  wherever 
we  find  hills  and  mountains  composed  of  strayed  deposits*  that  such 
inequalities  of  the  surface  would  have  had  no  existence  if  water*  at  some 
former  period*  had  not  been  laboring  to  reduce  the  earth's  surface  to 
one  level. 

But,  besides  the  transfer  of  matter  by  running  water  from  the  conti- 
nents to  the  ocean*  there  is  a  constant  transportation  from  below  up- 
wards, by  mineral  springs  and  volcanic  vents.  As  mountain  mnoneq  are* 
in  the  course  of  ages,  created  by  the  pouring  forth  of  successive  streams 
of  lava,  so  stratified  rocks,  of  great  extent,  originate  from  the  deposition 
of  carbonate  of  lime,  and  other  mineral  ingredients,  with  which  springs 
are  impregnated.  The  surface  of  the  land,  and  portions  of  the  bottom 
of  the  sea*  being  thus  raised,  the  external  accessions. due  to  these  opera- 
tions would  cause  the  dimensions  of  the  planet  to  enlarge  continually,  if 
the  amount  of  depression  of  the  earth's  crust  were  no  more  than  equal 
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io  the  elevation.  In  order,  therefore,  that  the  mean  diameter  of  the 
earth  should  remain  uniform,  and  the  unevenness  of  the  surface  be  pre- 
served, it  is  necessary  that  the  amount  of  subsidence  should  be  in  ex- 
cess. And  such  a  predominance  of  depression  is  far  from  improbable, 
on  mechanical  principles,  since  every  upheaving  movement  must  be 
expected  either  to  produce  caverns  in  the  mass  below,  or  to  cause  some 
diminution  of  its  density.  Vacuities  must,  also,  arise  from  the  sub- 
traction of  the  matter  poured  out  from  volcanoes  and  mineral  springs, 
or  from  the  contraction  of  argillaceous  masses  by  subterranean  heat ; 
and  the  foundations  having  been  thus  weakened,  the  earth's  crust,  shaken 
and  rent  by  reiterated  convulsions,  must,  in  the  course  of  time,  fall  in. 

If  we  embrace  these  views,  important  geological  consequences  will 
follow ;  since,  if  there  be,  upon  the  whole,  more  subsidence  than  eleva- 
tion, the  average  depth  to  which  former  surfaces  have  sunk  beneath 
their  onginal  level  must  exceed  the  height  which  ancient  marine  strata 
have  attained  above  the  sea.  If,  for  example,  marine  strata,  about  the 
age  of  our  chalk  and  greensand,  have  been  lifted  up  in  Europe  to  an  ex- 
treme height  of  more  than  eleven  thousand  feet,  and  a  mean  elevation  of 
some  hundreds,  we  may  conclude  that  certain  parts  of  the  surface,  which 
existed  when  those  strata  were  deposited,  have  sunk  to  an  extreme  depth 
of  mare  than  elevea  thousand  feet  below  their  original  level,  and  to  a 
mean  depth  of  more  than  a  few  hundreds. 

In  regard  to  faults,  also,  we  must  infer,  according  to  the  hypothesis 
now  proposed,  that  a  greater  number  have  arisen  from  the  sinking  down 
than  from  the  elevation  of  rocks. 

To  conclude :  it  seems  to  be  rendered  probable,  by  the  views  above 
explained,  that  the  constant  repair  of  the  land,  and  the  subserviency  of 
our  planet  to  the  support  of  terrestrial  as  well  as  aquatic  species,  are  se- 
cured by  the  elevating  and  depressing  power  of  causes  acting  in  the 
interior  of  the  earth ;  which,  although  so  often  the  source  of  death  and 
terror  to  the  inhabitants  of  the  globe — ^visiting  in  succession  every  zone, 
and  filling  the  earth  with  monuments  of  rum  and  disorder — are  never- 
theless the  ftfi^ents  of  a  conservative  principle  above  all  others  essential  to 
thsk  i^t^bility  of  tht'  system. 
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CHAPTER  XXXin. 

CHANGES    OF  THE   OROAI7I0   WORLD   KOW  IK   PROGRESS. 

DiTision  of  the  subject — ^EzBminatioa  of  the  qaeetioo,  Whether  spedee  have  a 
real  ezisteooe  in  nature  S— Importaoce  of  this  qcvatioQ  in  geology— Sketdi  of 
Lamarck's  aiguments  in  faTor  of  the  tnusmutation  of  species,  and  his  ooajecturet 
respecting  the  origin  of  existing  animals  and  plants — Bis  theory  of  the  trans- 
formation of  the  orang-oatang  into  the  hmnan  species. 

The  last  book,  from  chapters  fourteen  to  thirty-three  inclusive,  was  oc- 
cupied with  the  consideration  of  the  changes  brought  about  on  the 
earth's  surface,  within  the  period  of  human  observation,  by  inorganic 
agents ;  such,  for  example,  as  rivens,  marine  currents,  volcanoes,  and 
earthquakes.  But  there  is  another  class  of  phenomena  relating  to  the 
organic  world,  which  have  an  equal  claim  on  our  attention,  if  we  desire 
to  obtain  possession  of  all  the  preparatory  knowledge  respecting  the  ex- 
isting course  of  nature,  which  may  be  available  in  the  interpretation  of 
geological  monuments.  It  appeu^  from  oqr  preliminary  sketch  of  the 
progress  of  the  science,  that  the  most  lively  interest  was  excited  anoong 
its  earlier  cultivators,  by  the  discovery  of  the  remains  of  animals  and 
plants  in  the  interior  of  mountains  frequently  remote  from  the  sea. 
Much  controversy  arose  respecting  the  nature  of  these  remains,  the 
causes  which  may  have  brought  them  into  so  singular  a  position^  and  the 
want  of  a  specific  agreement  between  them  and  known  animals  and 
plants.  To  qualify  ourselves  to  form  just  views  on  these  curious  ques- 
tions, we  must  first  study  the  present  condition  of  the  animate  creation 
on  the  globe. 

This  branch  of  our  inqmry  naturally  divides  itself  into  two  parts :  firsts 
we  may  examine  the  vicissitudes  to  which  species  are  subject ;  secondly, 
the  processes  by  which  certain  individuals  of  these  species  occasionally 
become  fossil.  The  first  of  these  divisions  will  lead  us,  among  other 
topics,  to  bquire,  first,  whether  species  have  a  real  and  permanent  ex- 
istence in  nature?  or  whether  they  are  capable,  as  some  naturalists  pre- 
tend, of  being  indefinitely  modified  in  the  course  of  a  long  series  of 
generations  ?  Secondly,  whether,  if  species  have  a  real  existence,  the 
individuals  compodng  them  have  been  derived  origmally  from  many* 
similar  stocks,  or  each  from  one  only,  the  descendants  of  which  have 
spread  themselves  gradually  from  a  particular  point  over  the  habitable 
lands  and  waters  ?  Thirdly,  how  far  the  duration  of  each  species  oi 
animal  and  plant  is  limited  by  its  dependence  on  certain  fluctuating  and 
temporary  conditions  in  the  state  of  the  animate  and  inanimate  world  ? 
Fourthly,  whether  there  be  proofs  of  the  successive  extermination  of 
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species  in  the  ordinary  course  of  nature,  and  whether  there  be  any  rea- 
son for  conjecturing  that  new  animals  and  plants  are  created  from  time 
to  time,  to  supply  their  place  ? 

Whether  species  have  a  real  existence  in  nature, — Before  we  can  ad- 
vance a  step  m  our  proposed  inquiry^  we  must  be  able  to  define  pre- 
<Sisely  the  meaning  which  we  attach  to  the  term  species.  This  is  even 
more  necessary  in  geology  than  in  the  ordinary  studies  of  the  naturalist ; 
for  they  who  deny  that  such  a  thing  as  a  species  exists,  concede  never- 
theless that  a  botanist  or  zoologist  may  reason  as  if  the  specific  character 
were  constant,  because  they  confine  their  observations  to  a  brief  period 
of  time.  Just  as  the  gec^rrapher,  in  constructing  his  maps  from  century 
to  century,  may  proceed  as  if  the  apparent  places  of  the  fixed  stars  re- 
mained absolutely  the  same,  and  as  if  no  alteration  were  brought  about 
by  the  precession  of  the  equinoxes ;  so,  it  is  said,  in  the  organic  world, 
the  stability  of  a  species  may  be  taken  as  absolute,  if  we  do  not  extend 
our  views  beyond  Uie  narrow  period  of  human  history  ;  but  let  a  suffi- 
cient number  of  centuries  elapse,  to  allow  of  important  revolutions  in 
climate,  physical  geography,  and  other  circumstances,  and  the  characters, 
say  they,  of  the  descendants  of  common  parents  may  deviate  indefinitely 
from  their  original  type. 

Now,  if  these  doctrines  be  tenable,  we  are  at  once  presented  with  a 
principle  of  incessant  change  m  the  organic  world ;  and  no  degree  of 
dissimilarity  in  the  plants  and  animals  which  may  formerly  have  existed, 
and  are  found  fossil,  would  entitle  us  to  conclude  that  they  may  not  have 
been  the  prototypes  and  prc^enitors  of  the  species  now  living.  Accord- 
ingly M..  Geofijroy  St.  Hilaire  has  declared  his  opinion,  that  there  has 
been  an  uninterrupted  succession  in  the  animal  kingdom,  effected  by 
means  of  generation,  from  the  earliest  ages  of  the  world  up  to  the 
present  day,  and  that  the  ancient  animals  whose  remains  have  been 
preserved  in  the  strata,  however  different,  may  nevertheless  have  been 
the  ancestors  of  those  now  in  being.  This  notion  is  not  very  gen- 
eraUy  received,  but  we  are  not  warranted  in  assuming  the  contrary, 
without  fully  explaining  the  data  and  reasoning  by  which  it  may  be 
refuted. 

I  shall  begin  by  stating  as  concisely  as  possible  all  the  facts  and  in- 
genious arguments  by  which  the  theory  has  been  supported;  and  for 
this  purpose  I  cannot  do  better  than  offer  the  reader  a  rapid  sketch  of 
Lamarck's  statement  of  the  proofs  which  he  regards  as  confirmatory  of 
the  doctrine,  and  which  he  has  derived  partly  from  the  works  of  his 
predecessors  and  in  part  from  original  investigations. 

His  proofs  and  inferences  will  be  best  considered  in  the  order  in  which 
they  appear  to  have  influenced  his  mind,  and  I  shall  then  point  out  some 
of  the  results  to  which  he  was  led  while  boldly  following  out  his  princi- 
ples to  their  legitimate  consequences. 

Lamarck's  arguments  in  favor  of  the  transmutation  of  species. — The 
name  of  species,  observes  Lamarck,  has  been  usually  applied  to  "  every 
collection  of  similar  individuals  produced  by  other  individuals  like  them- 
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selves."*  This  definition,  he  admits,  is  correct ;  because  ev^  liTing 
bdividual  bears  a  very  close  resemblance  to  those  from  which  it  springs. 
But  this  is  not  all  which  is  usually  implied  by  the  term  species ;  for  the 
majority  of  naturalists  agree  with  Linneus  in  supposing  that  all  the  in- 
dividuals propagated  from  one  stock  have  certain  distinguishing  charac- 
ters in  common,  which  will  never  vaiy,  and  which  have  remained  the 
same  since  the  creation  of  each  species. 

In  order  to  shake  this  opinion,  Lamarck  enters  upon  the  following  line 
of  argument : — ^The  more  we  advance  in  the  knowledge  of  the  different 
organized  bodies  which  cover  the  surface  of  the  globe,  the  more  our  emr 
barrassment  increases,  to  determine  what  ought  to  be  regarded  as  a 
species,  and  still  more  how  to  limit  and  distinguish  genera.  In  propor- 
tion as  our  collections  are  enriched,  we  see  almost  every  void  fiUed  up, 
•and  all  our  lines  of  separation  effaced !  we  are  reduced  to  arbitrary  de- 
terminations, and  are  sometimes  fain  to  seize  upon  the  slight  differences 
of  mere  varieties,  in  order  to  form  characters  for  what  we  choose  to  call 
a  species  ;  and  sometimes  we  are  induced  to  pronounce  individuals  but 
slightly  differing,  and  which  others  regard  as  true  species,  to  be  varieties. 

The  greater  the  abundance  of  natural  objects  assembled  together,  the 
more  do  we  discover  proofs  that  every  thing  passes  by  insensible  shades 
into  something  else;  that  even  the  more  remarkable  differences  are 
evanescent,  and  that  nature  has,  for  the  most  part,  left  us  nothing  at  our 
disposal  for  establishing  distinctions,  save  trifling,  and,  in  some  respects, 
puerile  particularities. 

We  find  that  many  genera  amongst  animals  and  plants  are  of  such  an 
extent,  in  consequence  of  the  number  of  species  referred  to  them,  that 
the  study  and  determination  of  these  last  has  become  almost  impracti- 
cable. When  the  species  are  arranged  in  a  series,  and  placed  near  to 
each  other,  with  due  regard  to  their  natural  affinities,  they  each  dilfe 
in  so  minute  a  degree  from  those  next  adjoining,  that  they  almost  melt 
into  each  other,  and  are  in  a  manner  confounded  together.  If  we  see 
isolated  species,  we  may  presume  the  absence  of  some  more  closely  con- 
nected, and  which  have  not  yet  been  discovered.  Already  are  there 
genera,  and  even  entire  orders — ^nay,  whole  classes,  which  present  an 
approximation  to  the  state  of  things  here  indicated. 

If,  when  species  have  been  thus  placed  in  a  regular  series,  we  select 
one,  and  then,  making  a  leap  over  several  intermediate  ones,  we  take  a 
second,  at  some  distance  from  the  first,  these  two  will,  on  comparison, 
be  seen  to  be  very  dissimilar ;  and  it  is  in  this  manner  that  every  nat- 
uralist begins  to  study  the  objects  which  are  at  his  own  door.  He  then 
finds  it  an  easy  task  to  establish  generic  and  specific  distinctions ;  and  it 
is  only  when  his  experience  is  enlarged,  and  when  he  has  made  himself 
master  of  the  intermediate  links,  that  his  difficulties  and  ambiguities  be- 
gin. But  while  we  are  thus  compelled  to  resort  to  triffing  and  minute 
characters  in  our  attempt  to  separate  the  species,  we  find  a  striking  dls- 
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purity  between  mdnriduals  which  we  know  to  hare  descended  ftom  a 
oommon  stock ;  and  these  newly  acquired  peculiarities  are  regularly 
transmitted  from  one  generation  to  another,  oonslitutang  what  are  called 
races. 

From  a  great  number  of  facts,  continues  the  autiiOTi  we  learn  thai 
in  proportion  as  the  individuals  of  one  of  our  species  change  their  situa* 
tion,  climate,  and  manner  of  living,  they  change  also,  by  little  and  little* 
th«  consistence  and  proportions  of  their  parts,  their  form,  their  faculties; 
and  even  their  organisation,  in  such  a  manner  that  every  thing  in  them 
comes  at  last  to  participate  in  the  mutations  to  which  they  have  been 
exposed.  Even  in  the  same  climate,  a  great  difference  of  situation  and 
exposure  causes  individuals  to  vary ;  but  if  these  individuals  continue 
to  live  and  to  be  reproduced  under  the  same  di&rence  of  circumstances, 
distinctions  are  brought  about  in  them  which  become  m  some  degree 
essential  to  their  existence.  In  a  word,  at  the  end  of  many  successive 
generations,  these  individuals,  which  originally  belonged  to  another 
species,  are  transformed  into  a  new  and  distinct  species.* 

Thus,  for  example,  if  the  seeds  of  a  grass,  or  any  other  plant  which 
grows  naturally  in  a  moist  meadow,  be  accidentally  transported,  first  to 
the  slope  of  some  neighboring  hill,  where  the  soil,  although  at  a  greater 
elevation,  is  damp  enough  to  allow  the  plant  to  live ;  and  if,  after  hav- 
ing lived  there,  and  having  been  several  times  regenerated,  it  reaches  by 
degrees  the  drier  and  almost  arid  soil  of  a  mountain  declivity,  it  wOl 
then,  if  it  succeeds  in  growing,  and  perpetuates  itself  for  a  series  of  gen- 
erations, be  so  changed  that  botanists  who  meet  with  it  will  regard  it  as 
a  particular  species.f  7he  unfavorable  climate  in  this  case,  deficiency 
of  nourishment,  exposure  to  the  winds,  and  other  causes,  give  rise  to  a 
stunted  and  dwarfish  race,  with  some  organ  more  developed  than  others, 
and  having  proportions  often  quite  peculiar. 

What  nature  brings  about  in  a  great  lapse  of  time,  we  occasion  sud- 
denly by  changing  the  circumstances  in  which  a  species  has  been  ateus- 
tomed  to  live.  All  are  aware  that  vegetables  taken  from  their  birth- 
place, and  cultivated  in  gardens,  undergo  changes  which  render  them 
no  longer  recognizable  as  the  same  plants.  Many  which  were  naturally 
hairy  become  smooth,  or  nearly  so ;  a  great  number  of  such  as  were 
creepers  and  trailed  along  the  ground,  rear  their  stalks  and  grow  erect. 
Others  lose  their  thorns  or  asperities ;  others,  again,  from  the  ligneous 
state  which  their  stem  possessed  in  hot  climates,  where  they  were  mdi- 
genous,  pass  to  the  herbaceous ;  and,  among  them,  some  which  were 
perennials. become  mere  annuals.  So  well  do  botanists  know  the  effects 
of  such  changes  of  circumstances,  that  they  are  averse  to  describe  species 
from  garden  specimens,  unless  they  are  sure  that  they  have  been  culti- 
vated for  a  very  short  period. 

,  "  Is  not  the  cultivated  wheat"  (  Triticum  saHvum),  asks  Lamarck,  "  a 
vegetable  brought  by  man  into  the  state  in  which  we  now  see  it  ?    Let 
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any  one  tell  me  in  what  coontrj  a  tf mOar  plant  gnywa  wild,  nalew  when 
it  has  escaped  from  cultivated  fields  ?  Where  do  we  find  in  natnre  om 
cahhages,  lettuces,  and  other  cuMnary  vegetables,  m  the  state  in  which 
they  appear  in  our  gardens  ?  Is  it  not  the  same  in  r^ard  to  a  great 
quantity  of  animals  which  d(Hnesticity  has  changed  or  considerably  mod- 
ified ?*'*  Our  domestic  fowls  and  pigeons  are  imlike  any  wild  Inrda. 
Our  domestic  ducks  and  geese  have  lost  the  faculty  of  raising  them- 
selves into  the  higher  r^ons  of  the  air,  and  crossing  extensive  countries 
in  their  flighty  like  the  wild  ducks  and  wild  geese  from  which  they  were 
oxi^nally  derived.  A  bird  which  we  breed  m  a  cage  cannot^  when  re- 
stored to  liberty,  fly  like  others  of  the  same  species  which  have  been 
always  free.  This  small  alteration  of  circumstances,  however,  has  only 
diminished  the  power  of  flight,  without  modifying  the  form  of  any  part 
of  the  wings.  But  when  individuals  of  the  same  race  are  retained  io 
captivity  during  a  considerable  length  of  time,  the  form  even  of  their 
parts  is  gradually  made  to  differ,  especially  if  climate,  nourishment^  and 
other  circumstances  be  also  altered. 

The  numerous  races  of  dogs  which  we  have  produced  by  domesticity 
are  nowhere  to  be  found  in  a  wild  state.  In  nature  we  should  seek  in 
vain  for  masti&,  harriers,  spanieb,  greyhounds,  and  other  races,  between 
which  the  differences  are  sometimes  so  great  that  they  would  be  readfly 
admitted  as  specific  between  wild  animals ;  "  yet  all  these  have  sprung 
originally  from  a  single  race,  at  first  approaching  vay  near  to  a  wdf, 
if,  indeed,  the  wolf  be  not  the  true  type  which  at  some  period  or  other 
was  domesticated  by  man." 

Although  important  changes  in  the  nature  of  the  places  which  they 
inhabit  modify  the  organization  of  animals  as  well  as  vegetables ;  yet  the 
fonner,  says  Lamarek,  require  more  time  to  complete  a  considaahie 
degree  of  transmutation ;  and,  consequently,  we  are  less  sensible  of  such 
occurrences.  Next  to  a  diversity  of  the  medium  in  which  animals  or 
plants  may  live,  the  cireumstances  which  have  most  influence  in  modify- 
ing their  organs  are  differences  in  exposure,  climate,  the  nature  of  the 
soil,  and  other  local  particulars.  These  cireumstances  are  as  varied  as 
are  the  characters  of  the  species,  and,  like  them,  pass  by  insensible  shades 
into,  each  other,  there  being  every  intermediate  gradation  between  the 
opposite  extremes.  But  each  locality  remains  for  a  very  long  time  the 
same,  and  is  altered  so  slowly  that  we  can  only  become  conscious  of  the 
reality  of  the  change  .by  consulting  geological  monuments,  by  which  we 
learn  tiiat  the  order  of  things  which  now  rdgns  in  each  place  has  not 
always  prevailed,  and  by  inference  antidpate  that  it  will  not  always  con* 
tinue  the  samcf 

Every  considerable  alteration  in  the  local  cireumstances  in  which  each 
race  of  animals  exists  causes  a  change  in  their  wants,  and  these  new 
wants  excite  them  to  new  actions  and  habits.  These  actions,  require  the 
more  frequent  employment  of  some  parts  before  but  slighUy  exereiaed» 
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and  thtti  greater  development  fdlows  as  a  coneequence  of  their  more 
frequent  use.  Other  oi^gaos  no  longer  in  use  are  impoverished  and 
diminished  in  size,  nay,  are  sometimes  entirely  annihilated,  while  in  theif 
place  new  parts  are  insensihly  produced  for  the  disohaige  of  new  func- 
tions.* 

I  must  here  interrupt  the  author's  argument,  by  observing,  that  no 
positive  fact  is  cited  to  exemplify  the  substitution  of  some  entirely  new 
sense,  £aculty,  or  organ,  in  the  room  of  some  other  suppressed  as 
useless.  All  the  instances  adduced  go  only  to  prove  that  the  dimen- 
sions and  strength  of  members  and  the  perfection  of  certam  attributes 
may,  in  a  long  succession  of  generations,  be  lessened  and  enfeebled  by 
disuse ;  or,  on  the  contrary,  be  matured  and  augmented  by  active  ex- 
ertion ;  just  as  we  know  that  the  power  of  scent  is  feeble  m  the  grey- 
hound, while  its  swiftness  of  pace  and  its  acuteness  of  sight  are  remark- 
able— ^that  the  harrier  and  stag-hound,  on  the  contrary,  are  compara- 
tively slow  in  their  movements,  but  excel  in  the  sense  of  smelling. 

It  was  necessary  to  point  out  to  the  reader  this  important  chasm  in 
the  cham  of  evidence,  because  he  might  otherwise  imagine  that  I  had 
merely  omitted  the  illustrations  for  the  sake  of  brevity ;  but  the  plam 
truth  is,  that  there  were  no  examples  to  be  found ;  and  when  Lamarck 
talks  "  of  the  efforts  of  internal  sentiment,"  "  the  influence  of  subtle 
fluids,"  and  "  acts  of  oiganization,"  as  causes  whereby  animals  and  plants 
may  acquire  tuw  ar^ns,  he  substitutes  names  for  things ;  and,  with  a 
disr^ard  to  the  strict  rules  of  induction,  resorts  to  fictions,  as  ideal  as 
the  "  plasdc  virtue,"  and  other  phantoms  of  the  geologists  of  the  middle 
ages. 

It  is  evident  that,  if  some  well-authenticated  facts  could  have  been 
MLduced  to  establish  one  complete  step  in  the  process  of  transformation^ 
such  as  the  appearance,  in  individuals  descending  from  a  common  stock, 
of  a  sense  or  organ  entirely  new,  and  a  complete  disappearance  of  some 
other  enjoyed  by  their  pn^enitors,  time  alone  might  then  be  supposed 
sufficient  to  bring  about  any  amount  of  metamorphosis.  The  gratuitous 
assumption,  therefore,  of  a  p<»nt  so  vital  to  the  tiieory  of  transmutation, 
was  unpardonable  on  the  part  of  its  advocate. 

But  to  proceed  with  the  system :  it  being  assumed  as  an  undoubted 
fact,  that  a  change  of  extenud  circumstances  may  cause  one  organ  to 
become  entirely  obsolete,  and  a  new  one  to  be  developed,  such  as  never 
before  belonged  to  the  species,  the  following  proposition  is  announced, 
which,  however  staggering  and  absurd  it  may  seem,  is  logically  deduced 
from  &e  assumed  premises.  It  is  not  the  oigans,  or,  in  other  words» 
the  nature  and  form  of  the  parts  of  the  body  of  an  animal,  which  have 
given  rise  to  its  habits,  and  its  particular  faculties;  but,  on  the  contrary, 
its  habits,  its  manner  of  living,  and  those  of  its  progenitors,  have  in  the 
course  of  time  determined  the  form  of  its  body,  the  number  and  condi- 
tion of  its  organs — ^m  short,  the  faculties  which  it  enjoys.    Thus  otters* 
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bearers,  miteifowl,  tnrUes,  and  Irogs,  were  not  made  web-fooled  in 
order  that  thej  might  swim ;  bat  their  wanto  havii^  attnusted  them  to 
the  water  in  seareh  of  prey,  they  stretched  out  the  toes  of  their  feet  to 
strike  the  water  and  move  rapidly  along  its  aataee.  By  the  repeated 
stretching  of  ihdr  toes,  the  skin  which  miited  them  at  the  base  acquired 
a  habit  of  extenaon,  until,  in  the  comBO  <^  time,  the  brood  raembna» 
which  now  connect  thar  eztienulies  were  f^xmed. 

In  like  manner,  the  antelope  and  the  gazelle  were  not  endowed  with 
fight  agile  forms,  in  order  that  they  mi^t  escape  by  flight  from  car- 
nivorons  animals-;  but,  having  been  exposed  to  the  danger  of  beii^ 
devoured  by  lions,  tigers,  and  oiher  beasts  of  prey,  they  were  compelled 
to  exert  themselves  in  ninnmg  with  great  oelerity ;  a  habit  which^  in  the 
course  of  many  generations,  gare  rise  to  the  pecoliar  sleademesa  of  their 
tegs,  and  the  agility  and  degance  of  their  forms. 

The  camelopard  was  not  gifted  with  a  long  flexible  neck  becanw  it 
was  destined  to  live  in  the  interior  of  Africa,  where  the  soil  was  arid 
and  devoid  of  herbage;  buty  being  reduced  by  the  nature  of  Aat 
country  to  support  itself  on  the  fc^iage  of  lofty  trees,  it  contraeled  a 
habit  of  stretching  itself  up  to  reach  the  high  boughs,  untfl  its  neck 
became  so  elongated  that  it  could  raise  its  head  to  the  height  of  twenty 
feet  above  the  ground. 

Another  Ime  of  argument  is  then  entered  upon,  m  farther  ooneb- 
oration  of  the  instability  of  species.  In  order,  it  is  said,  that  individ- 
uals should  perpetuate  themselves  unaltered  by  generation,  those  be- 
longing to  one  species  ought  never  to  ally  themselves  to  those  of 
another ;  but  such  sexual  unions  do  take  place,  both  among  plants  and 
animals ;  and  although  the  ofl&pring  of  such  irregular  connections  are 
usually  sterile,  yet  such  is  not  always  the  case.  Hybrids  have  some- 
times proved  prolific,  where  the  duparity  between  the  spedes  was  not 
too  great ;  and  by  this  means  alone,  says  Lamarok,  varieties  may  grad- 
ually be  created  by  near  alliances,  which  would  become  xaces,  and  in  the 
course  of  time  would  constitute  what  we  term  species.* 

But  if  the  soundness  of  all  these  arguments  and  inferences  be  ad- 
mitted, we  are  next  to  inquire,  what  were  the  original  types  of  fbnn, 
organization,  and  instinct,  from  which  the  diversities  of  character,  as 
now  exhibited  by  animals  and  plants,  have  been  derived  ?  We  know 
that  individuals  which  are  mere  varieties  of  the  same  species  would,  if 
their  pedigree  could  be  traced  back  far  enough,  terminate  in  a  single 
stock ;  so,  according  to  the  train  of  reasoning  before  described,  the 
species  of  a  genus,  and  even  the  genera  of  a  great  family,  must  have 
had  a  common  point  of  departure.  Whaty  then,  was  the  single  stem 
from  which  so  many  varieties  of  form  have  ramified  ?  Were  there 
n^any  of  these,  or  are  we  to  refer  the  origin  of  the  whole  animate 
creation,  as  the  Egyptian  priests  £d  that  of  the  universe,  to  a  single 
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In  the  absence  of  any  podtive  data  for  framing  a  theory  on  so  obscure 
a  subject,  the  following  considerations  were  deemed  of  importance  to 
guide  conjecture. 

In  the  first  place,  if  we  examine  the  whole  series  of  known  animalsi 
from  one  extremity  to  the  other,  when  they  are  arranged  in  the  order 
of  their  natural  relations,  we  find  that  we  may  pass  prog^ressively,  or,  at 
least,  with  very  few  interruptions^  from  beings  of  more  simple  to  those 
of  a  more  compound  structure ;  and,  in  proportion  as  the  complexity  of 
then:  organization  increases,  the  number  and  dignity  of  their  fiaculties 
increase  also.  Among  plants,  a  similar  approximation  to  a  graduated 
scale  of  b^g  is  apparent.  Secondly,  it  appears,  from  geological  obser- 
yations,  that  plants  and  animals  of  more  simple  oiganization  existed  on 
the  globe  before  the  iqppearance  of  those  of  more  compound  structure, 
and  the  latter  were  successiyely  formed  at  more  modem  periods ;  each 
new  race  being  more  fully  developed  than  the  most  perfect  of  the  pre- 
ceding era. 

Of  the  truth  of  the  last-mentioned  geological  theory,  Lamarck  seems 
to  have  been  fully  persuaded ;  and  he  also  shows  that  he  was  deeply 
impressed  with  a  belief  prevalent  amongst  the  older  naturalists,  that  the 
primeval  ocean  invested  the  whole  planet  long  after  it  became  the  habi- 
tation of  Uving  beings ;  and  thus  he  was  inclined  to  assert  the  priority  of 
the  types  of  marine  animals  to  those  of  the  terrestrial,  so  as  to  fancy,  for 
example,  that  the  testacea  of  the  ocean  existed  first,  until  some  of  theniy 
by  gradual  evolution,  were  improved  into  those  inhabiting  the  land. 

These  speculative  views  had  ah-eady  been,  in  a  great  degree,  anticipated 
by  Demaillet  in  his  Telliamed,  and  by  several  modem  writers ;  so  that 
the  tables  were  completely  turned  on  the  philosophers  of  antiquity,  with 
whom  it  was  a  received  maxim,  that  created  things  were  always  most 
perfect  when  they  came  first  from  the  hands  of  their  Maker;  and  that 
there  was  a  tendency  to  progresuve  deterioration  in  sublunary  things 
when  left  to  themselves — 


•  omnia  fatis 
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So  deeply  was  the  faith  of  the  ancient  schools  of  philosophy  imbued 
with  this  doctrine,  that,  to  check  this  imiversal  proneness  to  degeneracy, 
nothing  less  than  the  reintervention  of  the  Deity  was  thought  adequate ; 
and  it  was  held,  that  thereby  the  order,  excellence,  and  pristine  energy 
of  the  moral  and  physical  worid  had  been  repeatedly  restored. 

But  when  the  possibility  of  the  indefinite  modification  of  individuab 
descending  from  common  parents  was  once  assumed,  as  also  the  geolo* 
gical  inference  respecting  the  progressive  development  of  organic  life, 
it  was  natural  that  the  ancient  dogma  should  be  rejected,  or  rather  ne- 
vereed,  and  that  the  most  simple  and  imperfect  forms  and  faculties  should 
be  conceived  to  have  been  the  originals  whence  all  others  were  developed. 
Accordingly,  in  conformity  to  these  views,  inert  matter  was  supposed  to 
have  been  first  endowed  with  life ;  until,  in  the  course  of  ages,  sensation 
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was  Boperadded  to  mere  vitality :  ngbt,  heaiing,  and  the  otber  senses 
were  afterwards  aeqmred ;  then  instinct  and  Xhe  mental  facnlties ;  until, 
finally,  by  virtue  of  tbe  tendency  of  things  to  progrtmve  improvement, 
the  irrational  was  developed  in  tbe  rationaL' 

Tbe  reader,  however*  will  immediately  perceive  that  when  all  the 
higher  orders  of  plants  and  animals  were  thns  supposed  to  be  compara- 
tively modem,  and  to  have  been  derived  in  a  long  series  of  generetkna 
from  those  of  more  simple  conformation,  some  farther  hypothesis  becanie 
indispensable,  in  order  to  explain  why,  after  an  indefinite  lapse  of  ages, 
^ere  were  still  so  many  beings  of  the  shnplest  stmeture.  Why  ^ve 
the  majority  of  existing  creatures  remained  stationary  throngboat  this 
long  snccessbn  of  epochs,  while  others  have  made  such  prod^;ioiia 
advances?  Why  are  there  such  multitudes  of  infusoria  and  polyps,  or 
of  conferve  and  other  cryptogamic  plants?  Why,  moreover,  has  the 
process  of  development  acted  with  such  unequal  and  irregular  foroe  on 
those  classes  of  beings  which  have  been  greaUy  perfected,  so  that  there 
are  wide  chasms  in  the  series ;  gaps  so  enormous,  that  Lamardt  fairiy 
admits  we  can  never  expect  to  fill  them  up  by  future  discoveries  ? 

The  following  hypotiiesb  was  provided  to  meet  these  objeetiaiB. 
Nature,  we  are  told,  b  not  an  intelligence,  nor  the  Deity  ;  but  a  dele- 
gated power — a  mere  instrument — a  piece  of  mechanism  acttu^  by 
necessity — an  order  of  things  constituted  by  the  Supreme  Bebg,  and 
subject  to  laws  which  are  the  expressions  of  his  will.  This  Nature  is 
obliged  to  proceed  gradually  in  all  her  operations ;  she  cannot  produce 
animals  and  plants  of  all  classes  at  once,  but  must  always  begin  by  the 
formation  of  the  most  simple  kinds,  and  out  of  them  elaborate  the  moie 
compound,  adding  to  them,  successively,  different  systems  of  organs,  and 
multiplying  more  and  more  their  number  and  energy. 

This  nature  is  diuly  engaged  in  the  formation  of  the  elementary  rudi- 
ments  of  animal  and  vegetable  existence,  which  correspond  to  what  the 
ancients  termed  gpontarueout  generation.  She  is  always  b^finnmg  anew, 
day  by  day,  the  work  of  creation,  by  forming  monads,  or  "rough 
draughts"  (^banches),  which  are  the  only  living  things  she  gives  birth 
to  directly. 

There  are  distinct  primary  rudiments  of  plants  and  animals,  and 
probably  of  each  of  the  great  divisions  of  the  animal  and  v^^etable 
kingdoms.*  These  are  gradually  developed  into  the  higher  and  more 
perfect  classes  by  tbe  slow  but  unceasing  agency  of  two  influential 
principles :  first,  the  tendency  to  progressive  advancement  in  organisation, 
accompanied  by  greater  dignity  in  instinct,  intelligence,  &c. ;  secondly, 
the  force  of  external  circumstances,  or  of  variations  in  the  physical  eon* 
dition  of  the  earth,  or  the  mutual  relations  of  plants  and  animals.  For, 
as  species  spread  themselves  gradually  over  the  globe,  they  are  exposed 
from  time  to  time  to  variations  in  climate,  and  to  changes  in  the  quiantity 
and  quality  of  thdr  food ;  they  meet  with  new  plants  and  animals  whieh 
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assist  or  retard  their  development,  by  suppljing  them  with  nutriment, 
or  destroying  their  foes.  The  nature,  also,  of  each  locality,  is  in  itself 
fluctuating ;  so  that,  even  if  the  relation  of  other  animak  and  plants  were 
invariable,  the  habits  and  organization  of  species  would  be  modified  by 
the  influence  of  local  revolutions. 

Now,  if  the  first  of  these  principles,  ih$  tendency  to  progreseive  devel- 
opment, were  left  to  exert  itself  with  perfect  freedom,  it  would  give  rise, 
says  Lamarck,  in  the  course  of  ages,  to  a  graduated  scale  of  being, 
where  the  most  insensible  transition  might  be  traced  from  the  simplest 
to  the  most  compound  structure,  from  the  humblest  to  the  most  exalted 
d^ree  of  intelligence.  But,  in  consequence  of  the  perpetual  interference 
of  the  external  eatues  before  mentioned,  this  regular  order  is  greatly 
interfered  with,  and  an  approximation  only  to  such  a  state  of  things  is 
exhibited  by  the  animate  creation,  the  progress  of  some  races  being 
retarded  by  unfavorable,  and  that  of  others  accelerated  by  favorable, 
combinations  of  circumstances.  Hence,  all  kinds  of  anomalies  interrupt 
the  continuity  of  the  plan ;  and  chasms,  into  which  whole  genera  or 
families  might  be  inserted,  are  seen  to  separate  the  nearest  existing  por* 
tions  of  the  series. 

Lamarck'e  theory  of  the  traneformaticn  of  the  orang-outang  into  the 
human  spedee. — Such  is  the  machinery  of  the  Lamarckian  system ;  but 
the  reader  will  hardly,  perhaps,  be  able  to  form  a  perfect  conception  of 
so  complicated  a  piece  of  mechanism,  unless  it  is  exhibited  in  motion, 
so  that  we  may  see  in  what  manner  it  can  work  out,  under  the  author^s 
guidance,  all  the  extraordinary  effects  which  we  behold  in  the  present 
state  of  the  ammate  creation.  I  have  only  space  for  exhibiting  a  small 
part  of  the  entire  process  by  which  a  complete  metamorphosb  is 
achieved,  and  shall  therefore  omit  the  mode  by  which,  after  a  countless 
succession  of  generations,  a  small  gelatinous  body  b  transformed  into 
an  oak  or  an  ape ;  pas«ng  on  at  once  to  the  last  grand  step  in  the 
progressive  scheme,  by  which  the  orang-outang,  having  been  already 
evolved  oa»  of  a  monad,  is  made  slowly  to  attain  the  attributes  and 
dignity  of  man. 

One  of  the  races  of  quadrumanous  animals  which  had  reached  the 
highest  state  of  perfection,  lost,  by  constraint  of  circumstances  (con- 
cerning the  exact  nature  of  which  tradition  is  unfortunately  silent),  the 
habit  of  climbing  trees,  and  of  hanging  on  by  grasping  the  boughs  with 
their  feet  as  with  hands.  The  individuals  of  this  race  being  obliged, 
for  a  long  series  of  generations,  to  use  their  feet  exclusively  for  walk- 
ing, and  ceasing  to  employ  their  hands  as  feet,  were  transformed  into 
bimanous  animals,  and  what  before  were  thumbs  became  mere  toes,  no 
separation  being  required  when  their  feet  were  used  solely  for  walking. 
Having  acquired  a  habit  of  holding  themselves  upright,  their  legs  and 
feet  assumed,  msennbly,  a  conformation  fitted  to  support  them  in  an 
erect  attitude,  till  at  last  these  animab  could  no  l<mger  go  on  all-fonni 
without  much  inconvenience. 

The  Angola  orang  (Simia  troglodytee,  Linn.)  is  the  most  perfect  of 
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aiumalg ;  much  more  so  than  the  Indian  oraag  {SinUa  Satyrua),  -which 
has  been  called  the  orang-outang,  although  both  are  very  inferior  to 
man  in  corporeal  powers  and  intdUg^ee.  These  animals  freqnfintly 
hold  themselyes  upright ;  but  their  oiganisalion  has  not  yet  been  suf- 
ficiently modified  to  sustain  them  habitually  in  this  attitude*  so  that  the 
standing  posture  is  very  uneasy  to  them.  When  the  Indian  oiang  is 
compelled  to  take  flight  from  pressing  danger,  he  immediately  Cidk 
down  upon  all-fours»  showing  clearly  that  this  was  the  original  position 
of  the  animal.  Even  m  man,  whose  organization,  in  the  course  <tf  a 
long  series  of  generations,  has  advanced  so  much  farther,  the  upright 
posture  is  faligutng,  and  can  be  supported  only  for  a  limited  time,  and 
by  aid  of  the  contraction  of  many  muscles.  If  the  vertebral  column 
formed  the  axis  of  the  human  body,  and  supported  the  head  and  all 
the  other  parts  in  equilibrium*  then  might  the  upright  position  be  a 
state  of  repose :  but,  as  the  human  head  does  not  articulate  in  the  een- 
tie  of  gcavity,  as  the  chest,  belly,  and  other  parts  press  almost  enliidy 
forward  with  their  whole  weight,  and  as  the  vertebral  column  reposes 
upon  an 'oblique  base,  a  watchful  activity  is  required  to  prevent  the 
body  from  falling.  Children  who  have  large  heads  and  prominent  bd* 
Ues  can  hardly  walk  at  the  end  even  of  two  years ;  and  thmr  frequent 
tumbles  indicate  the  natural  t^idency  in  man  to  resume  the  quadm* 
pedal  state. 

Now,  when  so  much  progress  had  been  made  by  the  quadrumanoua 
ammals  before  mentioned,  that  they  could  hold  themselves  habituaUy 
in  an  erect  attitude,  and  were  accustomed  to  a  wide  range  of  vision,  and 
ceased  to  use  their  jaws  for  fighting  and  tearing,  or  for  clipping  hertn 
for  food,  their  snout  became  gnidually  shorter,  their  mciaor  teeth  became 
vertical,  and  the  facial  angle  grew  more  open. 

Among  other  ideas  which  the  natural  tendency  to  perfection  engen- 
dered, the  desire  of  ruling  suggested  itself,  and  this  race  succeeded  at 
length  in  getting  the  better  of  the  other  animals,  and  made  themsdves 
masters  of  all  those  spots  on  the  surface  of  the  globe  which  best  smted 
them.  They  drove  out  the  animals  which  approached  nearest  them  in 
organization  and  intelligence,  and  which  were  in  a  condiUon  to  dispute 
with  them  the  good  things  of  this  world,  fordng  them  to  take  refage  in 
deserts,  woods,  and  wildernesses,  where  thdr  multiplication  was  checked, 
and  the  prc^ressive  development  of  their  faculties  retarded ;  while,  in 
the  mean  time,  the  dommant  race  spread  itself  in  every  direction,  and 
lived  in  large  companies,  where  new  wants  were  successively  created, 
exciting  them  to  industry,  and  gradually  perfecting  their  means  and 
faculties. 

In  the  supremacy  and  increased  intelligence  acqub^  by  the  mhng 
race,  we  see  an  illustration  of  the  natural  tendency  of  the  organic  world 
to  grow  more  perfect ;  and,  in  their  influence  in  repressing  the  advance 
of  others,  an  example  of  one  of  those  disturbing  causes  before  enumer- 
ated,  thsi  force  qf  external  circumstances  which  causes  such  wide  chasms 
in  the  regular  series  of  animated  being. 
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When  the  individuals  of  the  dominant  race  became  very  numerous, 
their  ideas  greatly  increased  in  number,  and  they  felt  the  necessity  of 
communicating  them  to  each  other,  and  of  augmenting  and  varying  the 
signs  proper  for  the  communication  of  ideas.  Meanwhile  the  inferior 
quadnimanous  animals,  although  moat  of  them  were  gregarious,  acquired 
no  new  ideas,  being  persecuted  and  restless  in  the  deserts,  and  obliged 
to  fly  and  conceal  themselves,  so  that  they  conceived  no  new  wants. 
Such  ideas  as  they  already  had  remained  unaltered,  and  they  could  dis- 
pense with  the  oommunicatbn  of  the  greater  part  of  these.  To  make 
themselves,  therefore,  understood  by  their  fellows,  required  merely  a 
few  movements  of  the  body  or  limbs — ^whistlmg,  and  the  uttering  of 
certain  cries  varied  by  the  inflexions  of  the  voice. 

On  the  contrary,  the  individuals  of  the  ascendant  race,  animated  with 
a  desire  of  interchanging  their  ideas,  which  became  more  and  more 
nnmerousy  were  prompted  to  multiply  the  means  ci  communication,  and 
were  no  longer  satisfied  with  mere  pantomimic  signs,  nor  even  with  all 
the  possible  inflexions  of  the  voice,  but  made  continual  efiforts  to  acquire 
the  power  of  uttering  articulate  sounds,  employing  a  few  at  first,  but 
afterwards  varying  and  perfecting  them  according  to  the  increase  of  their 
wants.  The  habitual  exercise  of  their  throat,  Umgae,  and  lips,  insensibly 
modified  the  conformation  of  .these  organs,  until  they  became  fitted  for 
the  faculty  of  speech.* 

In  effecting  this  mighty  change,  **  the  exigencies  of  the  individuals 
were  the  sole  agents;  they  gave  rise  to  efforts,  and  the  organs  proper 
for  articulating  sounds  were  developed  by  their  habitual  employment.'* 
Hence,  in  this  peculiar  race,  the  origin  of  the  admirable  faculty  of  speech ; 
hence  also  the  diversity  of  languages,  unce  the  distance  of  places  where 
the  individuals  composing  the  race  established  themselves  soon  favored 
the  corruption  of  conventional  8igns.f 

In  conclusion,  it  may  be  proper  to  observe  that  the  above  sketch  of 
the  Lamarckian  theory  is  no  exa^erated  picture,  and  those  passages 
which  have  probably  excited  the  greatest  surprise  in  the  mind  of  the 
reader  are  literal  translations  from  the  ori^naL 

•  Lamardk's  FhiL  ZooL  torn.  L  p.  866.  f  Ibid,  p^  367 
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Recapitulation  of  the  argume^tB  in  faror  of  the  theory  of  transmutation,  of 
Bpecies— Their  iii8tifficiejicy--Catise8  of  difficulty  in  diaeriminating  Bpede»— 
Some  Tarieties  possibly  more  distinct  than  certain  indiridiials  «f  ^istin^t  spt- 
cies-rYariaUlity  in  &  Bi»eoiea.6oiMi8tAt  wiA  m.hslief.  that  the  liaila  oCdbTia- 
tion  are  fixed— No  &pt«  of  traasmQtatipn  authentiMt^T— YiaiMtiea  q€  4ie 
Dog— the  Dog  and  Wolf  distinct  species — ^MummieB  .o£  Tariona.  animalaAom 
Egypt  identical  in  character  with  living  indiyiduals — Seeds  and  plants  from 
the  Egyptian  tombs — ^Modifications  produced  in  plants  by  agricoltnre  and 
gardening. 

Thb  theory  of  the  tninBnmtat.ion.-rf  >gp6cieayeoasiderad  in  tfaahat 
chapter^  has  met  with  «Nne>  dkgvee  of  faivirifrom  sisny  natnndiab, 
^m  their  desire  to  df^p^nsey.as  fiir  as  pcarible^  (wiith  the  repeated  inters 
vention  rf  a  First  Ganse,  aa  <iften  as  geologioal  monnmenta. attest  the 
sacceasive  appeaiaaee  of  new  races  rf  aoimalajtfid  pianta,  and  the  ex* 
tinction  of  those  pre-existing.  Bnt,  independently  of  a  predisposition 
to  acoouni,  if  possible,  ibr  a  series  of  changes  .in  theoiganicvoild  by 
the  regular  action  of  seoondary  oavses^we  havaaeen  that  m  tmth 
many  perpleaing  difiScultieiB  present  themielf«B /to  one  who  attemipto  to 
establish  the  natnre  and  reahty  of  the  spscifia  character.  And  if  onoa 
there-  appears  gioond  of  reaflonaUo  donbt^  ia  nsgard  to  the  conatam^  of 
speoiesy  ^e  amount  of  transfonnation  rwhioh  they  are  capable  of  imte^ 
going  may  seem  to  resolve  itself  into  a  mere  question  of  the  4|aaatiiy 
of  time  assigned  to  the  past  duration  of  animate  ^cisteaoe.  . 

Before  entering  upon  Uie  reasons  which  may  be.  addUGcd  fi)r  lejeGtii^ 
Lamarck?s  hypothesis,  I  shall  reci^Mtulafe,  in  a  law  words,  the  pheno- 
mena, and  the  whole  train  of  thought^  hf  which  I  coneeiYe  it  to  hav«» 
been  suggested,  and  which  have  gained  for  this  and  analogous  theories, 
both  in  ancient  and  modem  times,  a  considerable  number  of  rotaries. 

In  the  first  place,  the  various  groups  into  which  planta  and  animals 
may  be  thrown  seem  almost  invariably,  to  a  beginner,  to  be  so  natural, 
that  he  is  usually  convinced  at  first,  as  was  Linnaeus  to  the  last,  ^  that 
genera  are  as  much  founded  in  nature  as  the  species  which  compoae 
them."  *  When  by  examining  the  numerous  intermediate  gradations 
the  student  finds  all  lines  of  demarcation  to  be  in  most  instances  ob- 
literated, even  where  they  at  first  appeared  most  distinct,  he  grow? 
more  and  more  sceptical  as  to  the  real  existence  of  genera,  and  finally 
regards  them  as  mere  arbitrary  and  artificial  signs,  invented,  like  thoee 

*  Genns  omne  est  natorale,  in  primordio  tale  ereatnm,  Ae.  PhiL  Bot  §  laa. 
See  also  ibid,  g  162. 


Cb.  XXXIV.]        PBBVANBNCB  of  S^ECIFtO  CHABAGTSB.  579 

which  serve  to'dntinguiah  the  heiivenly  consteHations,  for  the  conveni- 
ence of  classificstion/snd  havingaii  ikde  pretensiomi  to  reality. 

Doubts  are  then  engendered  in  his  nsind  as  to  whether  species  may 
not  also  be  eqnally  unreal.  The  studeiit  is-  probably  first  struck  with 
the  phenomenon,  that  some  individuals  hre  made  to  deviate  widely 
from  the  ordinary  type  by  the  foreie' of  peeuKar  circumstances,  and 
with  the  still  more  extraoidinary  fa6t,  Ihat  tiie  newly  acquired  pecu- 
iiarities  are  faithfoily  transmitted  to  the  offspring.  How  fiir,  he  asks, 
may  such  variations  extend  in  the  course  of  indefinite  periods  of 
time,  and  during  great  vicissitudes  in  the  physical  condition  of  the 
globed  His  growing  incertitude  is  at  first  ehe<A:ed  by  the  reflection 
that  nature  has  forbidden  the  intermixture  of  the  descendants  of 
distinct  original  stocks,  or  has,  at  least,  entailed  sterility  on  their 
offspring,  thereby  preventing  their  being  confounded  together,  and 
pointing  out  that  a  multitude  of  distinct  types  must  haVe  been-et«ated 
in  the  beginning,  and  must  have  remained  pure  Mid  uneornipted  to 
this  day. 

Relying  on  this  general  law^  he  endeavofs  to  eolve  each  difficult  pro- 
blem by  direct  experiment,' until  he  is  again  astounded  by  the  phe- 
nomenon of  a  prolific  hybrid^  and  stall  more  by  an  eiumiple  of  a 
hybrid  perpetuating  itself  throughont  several  generMions  in  the  vege- 
table world.  He  thte  feels  himself  reduced  to  the  dilemmA  of  choosing 
between  two  altemativea;  either  to  reject  Hie  lest,  or  to  declare  that 
the  two  species,  from  the  imion-  of  which  the  fruitfy  progeny  has 
sprung,  were  mere  varteties.  If  he  prefer  the  latter,  he  is  compelled 
to  question  the  leaKty  of  the  distinctikess  of  all  other  supposed  spe- 
cies which  differ  no  more  than  the  parents  of  such  prolific  hybrids;  for 
although  he  may  not  be  enabled  immediately  to  procui^  in  all  such 
instances,  a  fruitful  offspring ;  yet  experiments  show,  that  after  repeated 
failures,  the  union  of  two  recc^^nixed  species  may  at  last,  under  very 
favorable  circumstances,  give  Inrth  to  a  fertile  progeny.  Such  circum- 
stances, therefore,  the  naturalist  may  conceive  to  have  occurred  again 
and  again,  in  the  course  of  a  great  lapse  of  ages. 

His  first  opinions  are  now  fidriy  unsettled,  and  every  stay  at  which  he 
has  caught  has  given  way  one  after  ano<iher;  be  is  in  danger  of 
falling  into  any  new  and  visionaiy  doctrine  whieh  ma;^  be  presented  to 
him ;  for  he  now  r^;srds  every  psH  of  the  animate  creation  as  void  of 
stability,  and  in  a  state  of  continual  flux.  In  this  mood  he  encounters 
the  Geologist,  who  relates  to  him  how  there  have  been  endless  vicis- 
situdes in  the  shape  and  structure  of  organic  beings  in  former  ages 
— ^how  the  approach  to  the  present  system  of  things  has  been  gradual 
—that  there  has  been  a  progressive  development  of  organization  sub- 
servient to  the  purposes  of  lifo,  from  the  most  simple  to  the  most 
complex  state— that  the  appearance  of  man  is  the  last  phenomenon  in 
a  long  succession  of  events — and,  finally,  that  a  series  of  physical  revo- 
lutions can  be  traced  in  the  inorganic  world,  coeval  and  co-extensive 
with  those  of  organic  nature. 
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These  views  seem  immediately  to  oonfinn  all  his  preconceived  doubts 
as  to  the  stability  of  the  specific  character,  and  he  begins  to  think  there 
may  exist  an  inseparable  connection  between  a  series  of  changes  in 
the  inanimate  world,  and  the  capability  of  the  species  to  be  indefinitely 
modified  by  the  influence  of  external  circumstances.  Henceforth  his 
speculations  know  no  definite  bounds ;  he  gives  the  rein  to  conjecture, 
and  fancies  that  the  outward  form,  internal  structure,  instinctive  Real- 
ties, nay,  that  reason  itself  may  have  been  gradually  deyeloped  from 
some  of  the  simplest  states  of  existence — that  all  animals,  that  man 
himself,  and  the  irrational  beings,  may  have  had  one  common  origin ; 
that  all  mi^  be  parts  of  one  continuous  and  progi'essive  scheme  of 
development,  from  the  most  imperfect  to  the  more  complex ;  in  fine,  he 
renounces  his  belief  in  the  high  genealogy  of  his  species,  and  looks  for- 
ward, as  if  in  compensation,  to  the  future  perfectibility  of  man  in  his 
Plhysical,  intellectual,  and  moral  attributes. 

Let  us  now  proceed  to  consider  what  is  defective  in  evidence,  and 
what  fallacious  in  reasoning,  in  the  grounds  of  these  strange  conclu- 
sions. Blumenbach  judiciously  observes,  that  *'  no  general  rule  can  be 
laid  down  for  determining  the  distinctness  of  species,  as  tbere  is  no  parti- 
cular class  of  characters  which  can  serve  as  a  <^terion.  In  each 
case  we  must  be  guided  by  analogy  and  probability^*  l^ke  multitode, 
in  &ct,  and  complexity  of  the  proo&  to  be  weighed  is  so  great,  that  we 
can  only  hope  to  obtain  presumptive  evidence,  and  we  must^  therefore, 
be  the  more  careful  to  derive  our  general  views  as  much  as  possi- 
ble from  those  observations  where  the  chances  of  deception  are  least 
We  must  be  on  our  guard  not  to  tread  in  the  footsteps  of  the  natural- 
ists of  the  middle  ages,  who  believed  the  doctrine  of  spontaneous 
generation  to  be  applicable  to  all  those  parts  of  the  animal  and  vegetable 
kingdoms  which  they  least  understood,  in  direct  contradiction  to  the 
analogy  of  all  the  parts  best  known  to  them ;  and  who,  when  at  length 
they  found  that' insects  and  cryptcgamous  plants  were  also  propagated 
horn  eggs  or  seeds,  still  persisted  in  retaining  their  old  prejudices 
respecting  the  infusory  animalcules  and  other  minute  beings,  the  gene- 
ration of  which  had  not  then  been  demonstrated  by  the  microscope  to 
be  governed  by  the  same  laws. 

Lamarck  has,  indeed,  attempted  to  raise  an  argument  in  favor  of  his 
system,  out  of  the  very  confusion  which  has  arisen  in  the.  study  of  some 
orders  of  animals  and  plants,  in  consequence  of  the  slight  shades  of 
difference  which  separate  the  new  species  discovered  within  the  last 
half  century.  That  the  embarrassment  of  those  who  attempt  to  classify 
and  distinguish  the  new  acquisitions,  poured  in  such  multitudes  into 
our  museunos,  should  increase  with  the  augmentation  of  their  number, 
is  quite  natural ;  since  to  obviate  this,  it  is  not  enough  that  our  powers 
of  discrimination  should  keep  pace  with  the  increase  of  the  objects,  but 
we  ought  to  possess  greater  opportunities  of  studying  each  animal  and 
plant  in  all  stages  of  its  growth,  and  to  know  profoundly  their  history, 
their  habits,  and  physiological  characters,  throughout  several  generations; 
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for,  in  proportion  as  the  series  of  known  animals  grows  more  complete 
none  can  donbt  there  is  a  nearer  approximation  to  a  graduated  scale 
of  being;  and  thns  the  most  closely  allied  species  will  be  found  to 
possess  a  greater  number  of  characters  in  common. 

Cafues  of  the  difficulty  of  discrimnaiing  species, — But,  in  point  of 
fact,  our  new  acquisitions  consist,  more  and  more  as  we  adyance,  of 
specimens  brought  from  foreign  and  often  very  distant  and  barbarous 
countries.  A  large  proportion  have  nerer  eren  been  seen  alive  by 
scientific  inquirers.  Instead  of  having  specimens  of  the  young,  the 
adult,  and  the  aged  individuals  of  each  sex,  and  possessing  means  of 
investigating  ihe  anatomical  structure,  the  peculiar  habits,  and  instincts 
of  each,  what  is  usually  the  state  of  our  information  ?  A  single  speci- 
men, perhaps,  of  a  dried  plant,  or  a  stuffed  bird  or  quadruped ;  a  shell, 
without  the  soft  parts  of  the  animal ;  an  insect  in  one  stage  of  its  nume- 
rous transformations ; — ^these  are  the  scanty  and  imperfect  data  which 
the  naturalist  possesses.  Such  information  may  enable  us  to  separate 
species  which  stand  at  a  considerable  distance  from  each  other ;  but  we 
have  no  right  to  expect  any  thing  but  difficulty  and  ambiguity,  if  we 
attempt,  from  such  imperfect  opportunities,  to  obtain  distinctive  marks 
for  defining  the  characters  of  species  which  are  closely  related. 

If  Lamarck  could  introduce  so  much  certainty  and  precision  into  the 
classification  of  several  thousand  species  of  recent  and  fossil  shells,  not- 
withstanding the  extreme  remoteness  of  the  organization  of  these  ani- 
mals from  the  type  of  those  vertebrated  species  which  are  best  knovm, 
and  in  the  absence  of  so  many  of  the  living  inhabitants  of  shells,  we  are 
led  to  form  an  exalted  conception  of  the  degree  of  exactness  to  which 
specific  distinctions  are  capable  of  being  carried,  rather  than  to  call  in 
question  their  reality. 

When  our  data  are  so  defective,  the  most  acute  naturalist  must  ex- 
pect to  be  sometimes  at  fault,  and,  like  the  novice,  to  overlook  essential 
points  of  difference,  passing  unconsciously  from  one  species  to  another, 
until,  like  one  who  is  borne  along  in  a  current,  he  is  astonished  on 
^ooking  back,  at  observing  that  he  has  reached  a  point  so  remote  from 
that  whence  he  set  out. 

It  is  by  no  means  improbable,  that,  when  the  series  of  species  of 
certain  genera  is  very  full,  they  may  be  found  to  differ  less  widely  from 
each  other  than  do  the  mere  varieties  or  races  of  certain  species.  If 
such  a  fact  could  be  established,  it  would,  undoubtedly,  diminish  the 
chance  of  our  obtaining  certainty  in  our  results ;  but  it  would  by  no 
means  overthrow  our  confidence  in  the  reality  of  species. 

Some  mere  varieties  possibly  more  distinct  than  certain  individuals 
of  distinct  species, — ^It  is  almost  necessary,  indeed,  to  suppose  that  vari- 
eties win  differ  in  some  cases  more  decidedly  than  some  species,  if  we 
admit  that  there  is  a  graduated  scale  of  being,  and  assume  that  the  fol- 
lowing laws  prevail  in  the  economy  of  the  animate  creation : — ^first, 
that  the  organization  of  individuals  is  capable  of  being  modified  to  a 
limited  extent,  by  the  force  of  external  causes ;  secondly,  that  these 
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modifications  are,  to  &  eertain  extent,  traiumissible  to  their  offiipriDg ; 
tMrdly,  that  there  are  fixed  limitS|  beyond  which  the  descendants  from 
common  parents  can  never  deviate  from  a  cci^n  type ;  fotirthljy  that 
each  species  springs  from  one  original  stock,  and  can  never  be  pemui* 
nently  confounded  by  intermixing  with  the  progeny  of  any  other  stock ; 
fifthly,  that  each  species  shall  endure  for  a  considerable  period  of  time. 
Now,  let  us  assume,  for  the  present,  these  rules  hypothetically,  and  see 
what  consequences  may  naturally  be  expected  to  result  from  them. 

We  must  suppose  that  when  Uie  Author  of  Nature  creates  an  animal 
or  plant,  all  the  possible  <:ircumstanGe8  in  which  its  descendants  are 
destined  to  live  are  foreseen,  and  that  an  ofganization  is  conferred  iq>oa 
it  which  will  enable  the  species  to  perpetuate  itself  and  survive  under  all 
the  varying  circumstances  to  which  it  must  be  inevitably  expoaad. 
Now,  the  range  of  variation  of  circumstances  will  diSer  essentially  in 
almost  every  case.  Let  us  take,  for  example,  any  one  of  the  most  in- 
fl.U6ntial  conditions  <^  existence,  such  as  temperature.  In  some  extensive 
districts  near  the  equator,  the  thermometer  might  never  vaiy,  through- 
out several  thousand  centuries,  for  more  than  20°  Fahrenheit ;  so  tibat 
if  a  plant  or  animal  be  provided  with  an  organization  fitting  it  to  enduie 
such  a  range,  it  may  continue  on  the  globe  for  that  immense  period^ 
although  every  individual  might  be  liable  at  once  to  be  cut  off  by  the 
least  possible  excess  of  heat  or  cold  beyond  the  determinate  degree.  Bat 
if  a  species  be  placed  in  one  of  the  temperate  zones,  and  have  a  consti- 
tution conferred  on  it  capable  of  supporting  a  similar  range  of  tempera- 
ture only,  it  will  inevitably  perish  before  a  single  year  has  passed  away. 

Humboldt  has  shown  that,  at  Cumana,  within  the  tropics,  there  is  a 
difference  of  only  4°  Fahr.  between  the  temperature  of  the  warmest  and 
coldest  months ;  whereas,  in  the  temperate  zones,  the  annual  variation 
amounts  to  about  G0°,  and  the  extreme  range  of  the  thermometer  in 
Canada  is  not  less  than  90°. 

The  same  remark  might  be  applied  to  any  other  condition,  as  food, 
for  example ;  it  may  be  foreseen  that  the  supply  will  be  regular  through- 
out indefinite  periods  in  one  part  of  the  world,  and  in  another  very  pre- 
carious and  fluctuating  both  in  kind  and  quantity.  Different  qualifica- 
tions may  be  required  for  enabling  species  to  live  for  a  considerable  time 
under  circumstances  so  changeable.  If,  then,  temperature  and  food  be 
among  those  external  causes  which,  according  to  certain  laws  of  animal 
and  vegetable  physiology,  modify  the  oiganization,  form,  or  faculties,  of 
individuals,  we  instantly  perceive  that  the  degrees  of  variability  from  a 
common  standard  must  differ  widely  in  the  two  cases  above  supposed ; 
since  there  is  a  necessity  of  accommodating  a  species  in  one  case  to  a 
much  greater  latitude  of  circumstances  than  in  the  other. 

If  it  bo  a  law,  for  instance,  that  scanty  sustenance  should  chock  those 
individuals  in  their  growth  which  are  enabled  to  accommodate  them- 
selves to  privations  of  this  kind,  and  that  a  parent,  prevented  in  this 
manner  from  attaining  the  size  proper  to  its  species,  should  produce  a 
dwarfish  ofispring,  a  stunted  race  will  arise,  as  is  remarkably  exemplified 
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in  some  varieties  of  th»  hone  and  4<^g.  The  differetice  of  stature  in 
some  races  of  do^  when  compared  to  others,  is  as  one  to  five  in  linear 
dhnensions,  making-  a  difference  of  a  himdred-fold  in  volume.^  Now, 
there  is  a  good  reason  to  believe  that  species  in  general  are  by  no  means 
susceptible  of  existing  under  a  diversity  oi  circumstances,  which  may 
give  rise  to  such  a  disparity  in  size,  and,  consequently,  there  will  be  a 
multitude  of  distinct  species,  of  wluch  no  two  adult  individuals  can  ever 
depart  so  widely  firom  a  certain  standard  of  dimensions  as  the  mere  vari- 
eties of  certain  other  ftpeciea — the  dog,  for  instance.  Now,  we  have 
only  to  suppose  that  what  is  true  of  sice,  may  also  hold  in  regard  to 
color  and  many  other  attributes ;  and  it  will  at  once  fellow,  that  the 
degree  of  possible  discordance  between  varieties  of  the  same  species 
may,  in  certam  cases,  exceed  the  utmost  disparity  which  can  arise  be- 
tween two  individuals  of  many  distinct  species. 

The  same  remarks  may  hold  true  in  regard  to  instincts ;  for,  if  it 
be  fbireseen  that  one  species  will  have  to  encounter  a  great  variety 
of  foes,  it  may  be  necessary  to  arm  it  with  great  cunning  and 
drcumspeetion,  or  with  courage  or  other  qualities  capable  of  developing 
themselves  on  certain  occasions ;  such,  for  example,  as  those  migratory 
instinets  which  are  so  remarkably  exhibited  at  particular  periods,  after 
th^  have  remained  dormant  for  many  generations.  The  history  and 
habits  of  one  variety  of  such  a  species  may  often  differ  more  considerably 
from  some  other  than  those  of  many  distinct  species  which  have  no 
suoh  latitude  of  accommodation  to  circumstances. 

Extent  of  known  variability  in  apeeiea, — Lamarck  has  somewhat 
mis-stated  the  idea  commonly  entertained  of  a  species ;  for  it  is  not 
true  that  naturalists  in  general  assume  that  the  organisation  of  an 
animal  or -plant  remains  absolutely  constant,  and  that  it  can  never 
vary  in  any  of  its  pArts.f  All  must  be  aware  that  circumstances 
influence  the  habits,  and  that  the  habits  may  alter  the  state  of  the 
parts  and  <Hrgan»;  but  the  difference  of  opinion  relates  to  the  extent 
to  which  these  modifications  <^  the  habits  and  organs  of  a  particular 
species  may  be  carried. 

No#,  let  us  first  inquire^  what  positive  f&ciU  can  be  adduced  in  the 
history  of  known  species,  to  establish  a  great  and  permanent  amount 
sf  diange  in  thd' fornix  structure,  or  instinct  of  individuals  descending 
from  some  common  stock.  The  best  authenticated .  examples  of  the 
extent  to  which  species  can  be  made  to  vary  may  be  looked  for  in 
the  history  of  domesticated  animals  and  cultivated  plants.  It  usually 
happens,  that  those  species,  both  of  the  animal  and  vegetable  kingdom, 
which  have  -the  greatest  pliability  of  organisation,  those  which 
are  most  capable  of  accommodating  themselves  to  a  great  variety  of 
new  circumstances,  are  most  serviceable  to  man.  These  only  can 
be  carried  by  him  into  different  climates,  and  can  have  their  properties 
or  instincts    variously    diversified    by    differences    of    nourishment 

•  Ouvier,  Disooars  Prfilixnin.  p.  128.  f  1*1"^  ZooL  torn,  i  p.  26S. 
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and  habits.  If  the  resources  of  n  species  be  so  limited,  and  its  babiti 
and  Acuities  be  of  such  a  confined  and  local  character,  that  it  can 
only  flourish  in  a  few  particular  spots,  it  can  rarely  be  of  great 
utility. 

We  may  consider,  therefore,  that  in  the  domestication  of  animals 
and  the  cultivation  of  plants,  mankind  have  first  selected  those  species 
which  have  the  most  flexible  frames  and  constitutions,  and  have  then 
been  engaged  for  ages  in  conducting  a  series  of  experiments,  with 
much  patience  and  at  great  cost,  to  ascertain  what  may  be  the  greatest 
possible  deviation  from  a  common  type  which  can  be  elicited  in  tbese 
extreme  cases. 

Varieties  of  the  dog — no  trarumutaiion, — ^The  modifications  pro- 
duced in  the  different  races  of  dogs  exhibit  the  influence  of  man 
in  the  most  striking  point  of  view.  These  animals  have  been 
transported  into  every  climate  and  placed  in  every  variety  of  circum- 
stances ;  they  have  been  made,  as  a  modem  naturalist  observes,  the 
servant,  the  companion,  the  guardian,  and  the  intimate  friend  of 
man,  and  the  power  of  a  superior  genius  has  had  a  wonderful  influ- 
ence not  only  on  their  formSj  but  on  their  manners  and  intelligence.* 
Difierent  races  have  undergone  remarkable  changes  in  the  quantity 
and  color  of  their  clothing ;  the  dogs  of  Guinea  are  almost  naked,  while 
those  of  the  arctic  circle  are  covered  with  a  warm  coat  both  of  hair  and 
wool,  which  enables  them  to  bear  the  most  intense  cold  without 
inconvenience.  There  are  diflerences  also  of  another  kind  no  leas 
remarkable,  as  in  size,  the  length  of  their  muzzles,  and  the  convexity  of 
their  foreheads. 

But,  if  we  look  for  some  of  those  essential  changes  which  would 
be  required  to  lend  even  the  semblance  of  a  foundation  for  the  theory 
of  Lamarck,  respecting  the  growth  of  new  organs  and  the  gradual 
obliteration  of  others,  we  find  nothing  of  the  kind.  For,  in  all  these 
varieties  of  the  dog,  says  Cuvier,  the  relation  of  the  bones  with  each 
other  remains  essentially  the  same;  the  form  of  the  teeth  never 
changes  in  any  perceptible  degree,  except  that,  in  some  individuals, 
one  additional  false  grinder  occasionally  appears,  sometimes  on  the  one 
side,  and  sometimes  on  the  other.f  The  greatest  departure  from  a 
common  type — and  it  constitutes  the  maximum  of  variation  as  yet 
known  in  the  animal  kingdom — ^is  exemplified  in  those  races  of 
dogs  which  have  a  supernumerary  toe  on  the  hind  foot  with  the  corres- 
ponding tarsal  bones ;  a  variety  analogous  to  one  presented  by  six-fingered 
families  of  the  human  race.J 

Lamarck  has  thrown  out  as  a  conjecture,  that  the  wolf  may 
have  been  the  original  of  the  dog ;  and  eminent  naturalists  are  still 
divided  in  opinion  on  this  subject.  It  seems  now  admitted  that  both 
species  agree  in  the  period  of  gestation,  and  Mr.  Owen  has  been  unable 

*  Dureau  de  la  Malle.  Ad.  des  Sci  Nat.  torn,  xxl  p.  58.  Sept  1880. 
t  Disc.  Pr61.  p.  139.  sixth  edition.  J  Ibid. 
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(o  confirm  the  alleged  difference  in  the  atmcture  of  a  part  of  the  intes- 
tinal canal.*  Mr.  Bell  inclines  to  the  opinion  that  all  the  various  races 
of  dogs  have  descended  from  one  common  stock,  of  which  the  wolf  is 
the  original  source. 

It  is  well  known  that  the  horse,  the  ox,  the  boar,  and  other  domestic 
animals  which  have  been  introduced  into  South  America,  and  have  run 
wild  in  many  parts,  have  entirely  lost  all  marks  of  domesticity,  and  have 
reverted  to  the  original  characters  of  their  species.  But  dogs  have  also 
become  wild  in  Cuba,  Hayti,  and  in  all  the  Caribbean  islands.  In  the 
course  of  the  seventeenth  century,  they  hunted  in  packs  from  twelve  to 
fifty,  or  more,  in  number,  and  fearlessly  attacked  herds  of  wild  boars 
and  other  animals.  It  is  natural,  therefore,  to  inquire  to  what  form 
they  reverted  ?  Now,  they  are  said  by  many  travellers  to  have  resem- 
bled very  nearly  the  shepherd's  dog ;  but  it  is  certain  that  they  were 
never  turned  into  wolves.  They  were  extremely  savage,  and  their 
ravages  appear  to  have  been  as  much  dreaded  as  those  of  wolves ;  but 
when  any  of  their  whelps  were  caught,  and  brought  firom  the  woods  to 
the  towns,  they  grew  up  in  the  most  perfect  submission  to  man. 

Many  examples  might  be  adduced  to  prove  that  the  extent  to  which 
the  alteration  of  species  can  be  pushed  in  the  domestic  state  depends 
on  the  original  capacity  of  the  species  to  admit  of  variation.  The  horse 
has  been  as  long  domesticated  as  the  dog,  yet  its  different  races  depart 
much  less  widely  from  a  common  type ;  the  ass  has  been  still  less 
changed,  the  camel  scarcely  at  all ;  yet  these  species  have  probably 
been  subjected  to  the  influence  of  domestication  m  long  as  the  horse. 

Mummies  of  animals  in  Egyptian  tombs  identical  with  species  still 
living,— K&  the  advocates  of  die  theory  of  transmutation  trust  much  to 
the  slow  and  insensible  changes  which  time  may  work,  they  are  accus- 
tomed to  lament  the  absence  of  accurate  descriptions,  and  figures  of 
particular  animals  and  plants,  handed  down  from  the  earliest  periods  of 
history,  such  as  might  have  afforded  data  for  comparing  the  condition 
of  species,  at  two  periods  considerably  remote.  But,  fortunately,  we 
are  in  some  measure  independent  of  such  evidence :  for,  by  a  singular 
accident,  the  priests  of  E^pt  have  bequeathed  to  us,  in  their  cemeteries, 
that  information  which  the  museums  and  works  of  the  Greek  philoso- 
phers have  fiuled  to  transmit. 

For  the  careful  investigation  of  these  documents,  we  are  greatly 
indebted  to  the  skill  and  diligence  of  those  naturalists  who  accom- 
panied the  French  armies  during  their  brief  occupation  of  Egypt :  that 
conquest  of  four  years,  from  which  we  may  date  the  improvement  of  the 
modern  Egyptians  in  the  arts  and  sciences,  and  the  rapid  progress  which 
has  been  made  of  late  in  our  knowledge  of  the  arts  and  sciences  of  their 
remote  predecessors.  Instead  of  wasting  their  whole  time,  as  so  many 
preceding  travellers  had  done,  in  exclusively  collecting  human  mum- 

»  G&ldenstadt,  cited  by  Pritcbard,  Phys.  Hist  of  Maiikind,  voL  i  p.  96. 
f  History  of  British  Quadrupeds^  p.  200.  18  ST. 
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lines,  M.  G«offio7  and  UtaasoGiatos  eTmainfxt  ^igenily^  an^  senikorao 
great  numbers  <^  embalmed  bodies  of  eonseorafced  animals,  such  as  tlie 
bull,  tlie  dog,  the  oat,  tbe  ape,  tbe  iohBoomon^  Uie  orooodile,  mmS 
the  ibis. 

1V>  those*  who  hare  aerer  beea*  aoeostomed  to  eomiect  the  £Msta  of 
Katund  BQstory  with  pUloeophieal  speeulationa,  who  have  never  nused 
their  eonceptioneof^e  end  and  import  of  sneh  studies  beyond  themers 
admiration  of  isolated  and  beantilful^  objects,  or  the  exertiott  of  skill  in 
detecting  speeific  differences^  it  wiUfeeem^incredible  that  amidst  the  die 
of  arras,  and  the  stirring  esoitement  of  political  'moTements,  so  much 
enthusiasm  could  hare  b^en  felt  in  regard  to  iheee  precious  remains. 

In  the  official  report  drawn  up  by  the  Prc^estorsof  the  Museum  at 
Paris,  t>n  the  Take  of  these  obje<^  there  are  some  ^queni  paau^es, 
which  may  appear  extrafagant,  unless  we^  reflect  ham  fuiiy  these  natu- 
ndiftts  could  a}^preciate  the  bearing-ctf  thefts  thus  brou^t  to  lighten 
the  past  history  of  the  globe. 

*'  It  seems,"  say  they^  ^*  as  if  the  supentition  of  1^  ancient  Egyptiaia 
had  been  inspired  by  Nature,  with  a  view  of  transmitting  to  after  ages 
a  monument  of  her  history.  That  extraordinary  and  eccentric  people, 
by  embalming  with  so  much  care  the  brutes  which  were  the  objects  of 
their  stupid  adoration,  have  left  us  in  their  secret  grottoes,  cabinets  of 
zoology  almost  complete.  -  The  climate  has  conspired-  with  the  art  of 
embalming  to  preserve  the  bodies  from  corruption,  and  we  can  now  as- 
sure ourselves  by  our  own  eyes  what  was  the  state  of  a  great  number  of 
species  three  thousand  years  ago.  We  can  scarcely  restrain  the  trans- 
ports of  our  imagination,  on  beholding  thus  preserved,  with  their 
minutest  bones,  with  the  smallest  portions  of  their  sUn,  and  in  every 
particular  most  perfectly  reec^izable^  many  an  animal,  which  at  The- 
bes or  Memphis,  two  or  three  thousand  years  ago,  had  its  own  priests 
and  altars."* 

Among  the  Egyptian  mummies  thus  procured  were  not  only  those  of 
numerous  wild  quadrupeds,  birds,  and  reptiles ;  but  what  was  perhaps 
of  still  higher  importaaoe  in  deciding  the  great  question  under  discus- 
sion, there  were  the  mummies  of  domestic  animals,  among  which  those 
above  mentioned,  the  bull,  the  dog,  and  the  cat,  were  frequent  Now, 
such  was  the  conformity  of  the  whole  of 'these  species  to  those  now 
living,  that  there  was  .no -more  difference,  says  Cuvier,  between  them 
than  between  the  human  mummies  and  the  embalmed  bodies  of 
men  of  the  present  day.  Yet  some  of  these  animals  have  sinca  that 
period  bee^  transported  by  man  to  almost  every  climate,  and  forced  to 
accommodate  their  habits  to  the  greatest  variety  of  circumstances.  The 
cat,  for  example,  has  been  carried  over  the  whole  earth,  and  within  the 
last  three  centuries,  has  been  naturalized  in  every  part  of  the  new  world, 
— ^from  the  cold  re^ons  of  Canada  to  the  tropical  plains  of  Guiana; 

«  Ann.  da  Museum  d'Hist  Nat  torn.  L  p.  284. 1802.  The  reporters  were  Mil 
Cuvier,  Lac6pdde,  and  Lamarck. 
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yet  it  has  soareelj  iin<i8rgonfi  atqr-feroeptibilo  mntalaoii,  aod  is  sliU.the 
same  animal  whi^h  was  hold  saofed  hy  the  :EgyptiaQ& 

Of  the  oz,  undonbtedliTi  theie  ave  oiany  yeij  distinct  raoes ;  hut  &ei 
bull  Apia,  which  was  led  in  solemn  processions  by  the  Egyptian  priests, 
did  not  difkx  from  some  of  those  now  living.  The  black  cattle  that 
have  run  wild  in  America,  where  there  were  many  peculiarities  in  the  cli- 
mate not  to  be  found,  perhaps,  in  any  part  of  the  old  world,  and  where 
scarcely  a  single  plant  on  which  they  led  was  of  precisely  the  same 
species,  instead  of  altering  their  form  and'  habits,  have  actually  reverted 
to  the  exact  likeness  of  the  aboriginal  wild  cattle  of  Europe. 

In  answer  to  the  arguments  .drawa  from  the  £^(yptian  mummies, 
Lamarck  said  they  were  identical  with  their  living  descendants  in  the 
same  country,  because  the  climate  and  physical  geograf^y  of  the  banks 
of  the  Nile  have  remained  unaltered  for  the  last  thirty  centuries.  But 
why,  it  may  be  asked,  have  other  individuals  ci  these  species  retained 
the  same  characters  in  many  different  quarters  of  the  globe,  where  the 
climate  and  many  other  conditions  are  so  varied? 

Seeds  and  plants  from  the  Egyptian  tomhs. — ^The  evidence  derived 
from  the  Egyptian  monuments  was  not  confined  to  the  animal  kingdom ; 
the  fruits,  seeds,  and  other  portions  of  twenty  different  plants,  were 
faithfully  preserved  in  the  same  manner;  and  among  these  the  com- 
mon wheat  was  procured  by  Delille,  from  closed  vessels  in  the  sepul- 
chres of  the  kings,  the  grain  of  which  retained  not  only  their .  form 
but  even  their  color ;  so  effectual  has  proved  the  process  o€  embalming 
with  bitumen  in  a  dry  and  equable  climate.  No  difference  could  be 
detected  between  this  wheat  and  that  which  now  grows  in  the  East 
and  elsewhere ;  and  in  regard  to  the  barley,  I  am  informed  by  Mr. 
Brown,  the  celebrated  botanist,  that  its  identity  with  the  grain,  of  our 
own  times  can  be  tested  by  the  closest  comparison.  On  examining,  for 
example,  one  of  the  seeds  from  Mr.  Sam's  Egyptian  collection  in  the 
British  Museum,  it  is  found  that  *'  the  structure  of  the  husks  or  that 
part  of  the  flower  which  is  persistent,  agrees  precisely  with  the  barley  of 
the  present  day,  in  having  one  perfect  flower  and  the  filiform  rudiments 
of  a  second."  Some  naturalists  believe  that  the  perfect  identification 
of  the  ancient  Egyptian  cerealia  with  the  varieties  now  cultivated  has 
been  carried  still  frirther,  by  sowing  the  seeds  taken  out  of  the  cata- 
combs, and  raising  plants  from  them ;  but  we  want  more  evidence  of 
this  fact  Oertfun  it  is,  that  when  the  experiment  was  recently  made 
in  the  botanic  garden  at  Eew,  with  100  seeds  of  wheat,  barley,  and 
lentils,  from  the  Egyptian  collection  beforci  mentioned  of  the  British 
Museum,  not  one  pf  them  would  germinate.* 

*  I  by  no  means  wish  to  express  an  opinion  tliat  seeds  cannot  retain  their 
vitality  after  an  entombment  of  8,000!  yean;  bqt  one  of  my  botanical  friends 
who  entertained  a  philosophical  donbt  on  this  subject,  being  desirous  of  ascer- 
taining -the  truth  of  three  or  four  alleged  instances  of  the  germination  of 
"mummy  wheats**  discovered,  on  communicating  with  several  EWptian  travel- 
lers,  that  they  had  procured  the  gniDB  in  question,  not  directly  from  the  cata- 
Gomb^  but  from  the  Arabs,  who  are  always  ready  to  supply  strangers  witn  an 
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Native  country  of  the  eomnum  tokeat. — ^And  here  I  may  obeerve  that 
there  is  an  obvious  answer  to  Lamarck's  objection,  that  the  botanist  <san- 
not  point  out  a  country  where  the  common  wheat  grows  wild,  unless  in 
places  where  it  may  hare  been  derived  from  neighboring  cultivation.* 
All  naturalists  are  well  aware  that  the  geographicsl  distributi<m  of  a 
great  number  of  spedes  is  extremely  limited;  that  it  was  to  be  ex- 
pected that  every  useful  plant  should  first  be  cultivated  sueceasfuily  in 
the  country  where  it  was  indigenous;  and  that,  probably,  ev^y  statkn 
which  it  partially  occupied,  when  growing  wild,  would  be  selected  by 
the  agriculturist  as  best  suited  to  it  when  artificially  increased*  Paies- 
tine  has  been  conjectured,  by  a  late  writer  on  the  cerealia,  to  have  been 
the  original  habitation  of  wheat  and  barley;  a  supposition  which  is 
rendered  the  more  plausible  by  Hebrew  and  Egyptian  traditions,  and 
by  tracing  the  migrs^ons  of  the  worship  of  Ceres,  as  indicative  of  the 
migrations  of  the  plantf 

If  we  are  to  infer  that  some  one  of  the  wild  grasses  has  been  tnou* 
formed  into  the  common  wheat,  and  that  some  animal  of  the  genus 
CanU,  still  unreclaimed,  has  been  metamorphosed  into  the  dog,  merely 
because  we  cannot  find  the  domestic  dog,  or  the  cultivated  wheat,  in  a 
state  of  nature,  we  may  be  next  called  upon  to  make  similar  admissions 
in  regard  to  the  camel ;  for  it  seems  very  doubtful  whether  any  race  of 
this  species  of  quadruped  is  now  wild. 

Changes  in  pkmte  produced  hy  cultivation, — ^But  if  agriculture,  it 
will  be  said,  does  not  supply  examples  of  extraordinary  changes  of 
form  and  organizatioD,  the  horticulturist  can,  at  least,  appeal  to  fiicts 
which  may  confound  the  preceding  train  of  reasoning.  The  crab  has 
been  transformed  into  the  apple;  the  sloe  into  the  plum;  flowers 
have  changed  their  color,  and  become  double ;  and  these  new  charac- 
ters can  be  perpetuated  by  seed ;  a  bitter  plant,  with  wavy  sea-green 
leaves,  has  been  taken  from  the  sea-side,  where  it  grew  like  wild  char- 
lock ;  has  been  transplanted  into  the  garden,  lost  its  saltness,  and  has 
been  metamorphosed  into  two  distinct  vegetables,  as  unlike  each  other 
as  is  each  to  the  parent  plant — the  red  cabbage  and  the  cauliflower. 
These,  and  a  multitude  of  analogous  facts,  are  undoubtedly  among  the 
wonders  of  nature,  and  attest  more  strongly,  perhaps,  the  extent  to 
which  species  may  be  modified,  than  any  examples  derived  from  the 
animal  kingdom.  But  in  these  cases  we  find  that  we  soon  reach  certain 
limits,  beyond  which  we  are  unable  to  caase  the  individuals  descend- 
ing from  the  same  stock  to  vary ;  while,  on  the  other  hand,  it  is  easy 
to  show  that  these  extraordinary  varieties  could  seldom  arise,  and  coidd 
never  be  perpetuated  in  a  wild  state  for  many  generations,  under  any 
imaginable  combination  of  accidents.    They  may  be  regarded  as  ex- 

artide  now  very  frequently  in  demand.  The  presence  of  an  occasional  grain  of 
Indian  com  or  maize  in  several  of  the  parcels  of  grain  shown  to  my  friend  as 
coming  from  the  catacombs  confirmed  his  scepticism. 

»  PhiL  ZooL,  tom.  L  p.  227. 

t  L'Origine  et  la  Patrie  des  G6r^ale8»  ^c^  Annalea  des  Sciences  Kaiur^  tom^ 
ix.  p.  61. 
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treme  cases,  brought  about  hj  human  interference,  and  not  as  pheno- 
mena which  indicate  a  capability  of  indefinite  modification  in  the 
natural  world. 

The  propagatioa  of  a  plant  by  buds  or  grafts,  and  by  cuttings,  is 
obviouslj  a  mode  which  nature  does  not  employ;  and  this  multiplica- 
tion, as  well  as  that  poduced  by  roots  and  layers,  seems  merely  to 
operate  as  an  extension  of  the  life  of  an  individual,  and  not  as  a  repro- 
duction of  the  species  such  as  happens  by  seed.  All  plants  increased 
by  grafts  or  layers  retain  precisely  the  peculiar  qualities  of  the  indiyi- 
dual  to  which  they  owe  their  ori^n,  and,  like  an  individual,  they  have 
only  a  determinate  existence;  in  some  cases  longer,  and  in  others 
shorter.*  It  seems  now  admitted  by  horticulturists,  that  none  of  our 
garden  varieties  of  fruit  are  entitled  to  be  considered  strictly  permanent, 
but  that  they  wear  out  after  a  time  ;f  and  we  Are  thus  compelled  to  resort 
again  to  seeds;  in  which  case  there  is  so  deoided  a  tendency  in  the 
seedlings  to  ]:evert  to  the  original  type,  th&t  our  utmost  skill  is  some- 
times baffled  in  attempting  to  recover  the  desired  variety. 

Varieties  of  the  eabhage. — ^The  different  races  of  cabbages  afford,  as 
was  admitted,  an  astonishing  example  of  deviation  from  a  common 
type ;  but  we  can  scarcely  conceive  them  to  have  originated,  much 
less  to  have  lasted  for  several  generations,  without  the  intervention  of 
man.  It  is  only  by  strong  manures  that  these  varieties  have  been  ob- 
tained, and  in  poorer  soils  they  instantly  degenerate.  If,  therefore,  we 
suppose  in  a  state  of  nature  the  seed  of  the  wild  Brassica  oleracea  to 
have  been  wafted  from  the  sea-side  to  some  spot  enriched  by  the  dung 
of  animals,  and  to  have  there  become  a  cauliiSower,  it  would  soon  diffuse 
its  seed  to  some  comparatively  sterile  soils  around,  and  the  ofifepring 
would  relapse  to  the  likeness  of  the  parent  stock. 

But  if  we  go  so  far  as  to  imagine  the  soil,  in  the  spot  first  occupied, 
to  be  constantly  manured  by  herds  of  wild  animals,  so  as  to  continue 
as  rich  as  that  of  a  garden,  still  the  variety  could  not  be  maintained ; 
because  we  know  that  each  of  these  races  is  prone  to  fecundate  others, 
and  gardeners  are  compelled  to  exert  the  utmost  diligence  to  prevent 
cross-breeds.  The  intermixture  of  the  pollen  of  varieties  growing  in 
the  poorer  soil  around  would  soon  destroy  the  peculiar  characters  of 
the  race  which  occupied  the  highly  manured  tract ;  for,  if  these  acci- 
dents so  continually  happen,  in  spite  of  our  care,  among  the  culinary 
varieties,  it  is  easy  to  see  how  soon  this  cause  might  obliterate  every 
marked  singularity  in  a  wild  state. 

Besides,  it  is  well  known  that,  although  the  pampered  races  which 
we  rear  in  our  gardens  for  use  or  ornament  may  often  be  perpetuated 
by  seed,  yet  they  rarely  produce  seed  in  such  abundance,  or  so  prolific 
in  quality,  as  wild  individuals ;  so  that  if  the  care  of  man  were  with- 
drawn, the  most  fertile  variety  would  always,  in  the  end,  prevail  over 
the  more  sterile. 

*  Smith's  Introduotioii  to  Botany,  p.  188,  edit  1807. 

f  See  Mr.  Knight*B  Obaervationa,  Hort.  Trans.,  voL  il  p.  160. 
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Similar  remarks  may  be  applied  to  ilie  iloaUe  io^p«rB,'whioli  preeeat 
such  strange  anomalies  to- the  botanist  Tbe  onmunit  in  such  eaaesy  is 
frequently  abortive ;  and  the  seeds,  when  prolific,  are  generally  modi 
fewer  than  where  the  flowers  are  single. 

Change  earned  by  «e>r7.-*-^me  cnrions  experiments,  recently  made 
on  the  prodaetion  of  blue  instead  of  red  flowers  in  the  HydrmH^em 
kortenm^  illustrate  the  ioHnediate  ^ect  of  eettain  so&  on  the  colon 
of  the  calyx  and  petals^  In  garden-monldor  compost,  the  flowers  are 
invariably  red ;  in  some  kinds  of  bog-earth  they  are  bke ;  and  the  same 
change  is  always  prodneed  by  a  partiealar  sort  of  yeVow  loam. 

VarUtiei  <tf  the  primroee, — Linnsns  was  of  opinion  that  the  prim- 
rose, odip,  cowslip,  and  polyanthus,  were  only  varieties  of  the  same 
species.  The  majority  of  the  modem  botanists,  on  the  ecnirary,  co»> 
aider  them  to  be  distinct)  although  some  eoftoeivisd  that  the  exlip  naght 
be  a  cross  between  the  cowsIip<  and  the  primrose.  Mr.  Hsrfaert  hss 
hitely  recorded  the  following  experiment  ;*^^  I  raised  from  the  natrnal 
seed  of  one  umbel  of  a  highly  manured  red  cowslip  'a  primrose,  a 
cowsUp,  oxUps  of  the  usual  and  other  «<^rB,  a  blade  polyanthus^  a 
hose-in-hose  cowslip,  and  a  natural  primrose  bearing  its  flower  on  a 
polyanthus  stalk.  From  the  seed  of  that  very  hose4n»ho6e  cowslip 
I  have  since  raised  a  hose4a-hofle  primrose.  -  I  therefore  oomider  «U 
these  to  be  only  local  varieties^  depending^  upon  soil  and  sitnatioA.'^ 
Professor  Henslow,  of  Cambridge^  has  since  confirmed  thia  ejqoeriment 
of  Mr.  Herbert ;  so  that  we  have  an  example^  not  only  of  the  remaik- 
able  varieties  which  the  florist  can  obtain  from  a  common  stodc,  but  of 
the  distinctness  of  analogous  races  fmad  in  a  wild  8tate.f 

On  what  particular  ingredient,  or  qmdity  in  the  earth,  these  dunces 
depend,  has  not  yet  been  ascertained.^  But  gardeners  are  well  awars 
that  particular  plants,  when  phu^  under  the  influence  of  certain  cir- 
nunstances,  are  changed  in  various  wi^s,  according  to  the  species ;  and 
as  often  as  the  experiments  are  rq>eaied,  similar  results  are  obtained. 
The  nature  of  these  results,  however^  depends  upon  the  species,  and 
they  are,  therefore,  part  of  the  specific  character ;  they  exhibit  the 
same  phenomena,  again  and  again,  and  indicate  certain  fixed  and  in- 
variable relations  between  the  physiological  peculiarities  of  the  plant, 
and  the  infiuence  of  certain  extenud  agents.  They  afford  no  ground 
for  questioning  the  instability  of  species,  but  rather  the  contrary; 
they  present  us  with  a  dass  of  phenomena,  which,  when  they  are  more 
thoroughly  understood,  may  afford  some  of  the  best  tests  for  identiffing 
species,  and  proving  that  the  attributes  originally  conferred  enduro  so 
long  as  any  issue  of  the  original  stock  remains  upon  the  earth* 

♦  Hort  IVuiB.  ToL  iv.  p.  19. 

f  Loadon's  Mag.  of  Nat  Hist,  Sept  1680^  vol  iii  n.  408. 

;  Hort  Trass,  vol  iii  p.  178. 
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WHSTHKR  SPBCIEB  HAVE  A  REAL  EXI0TBNOB  IN  VATUfiS-<- 

c<mtinued, 

limits  of  the  T&riability  of  species— Specie^  snsoeptible  of  modifieatioii  may  be 
altered  greatly  in  a  short  time,  and  in  a  few  generations ;  after  which  they  re- 
main stationaiy—- The  animals  novsubjeot  to  man  had  originally  an  aptitnde  to 
domesticity — ^Acquired  peculiarities  which  become  hereditary  have  a  close  eon* 
nexion  with  the  habits  or  instinete^f  the  speotes  in  a  wild  stat«— Some  qualities 
in  certain  animals  have  been  confexred,  with  a  view  of  their  relation  to  man<— 
Wild  elephant  domesticated  in  a  fewyeara^  but  its  faculties  incapable  of  fsrther 
deyelopment] 

Variability  of  a  spidea  eompatted  't^  ihtU'cf  an  individuai,^^! 
endeavored,  in  the  last  ekapter^io  show^  that  a  belief  in  the  reality 
of  species  is  not  inconsistent  with  'the  idea  of  a  ccuisiderable  degree 
of  vanabiKty  in  the  specific  cbaracter.  This  opinioui  indeed,  is  little 
more  than  an  extensioMi  of  the  idea  winch  we  must  antertain  of 
the  identity  of  an.  individual,  throughout  the  changes  which  it  is  capable 
of  undergoing. 

If  a  quadruped,  inhabiting  a  eold  nocthern  latitude,  and  ooveved 
with  a  warm  coat  of  hair  or  wool,  be  traniqK)rted  to  a  southern  climate^ 
it  will  often,  in-  the  ooune  of  a  few-  years,  shed  a*  considerable  portion 
of  its  coat,  which  it  gradually  reoovevs  on  being  again  reetoied  tc^its 
native  country^  JEven;  there  the  same  changes  aie,  perhaps,  superin* 
duced  to  a  certain  extent  by  the  return  ■  of  winter  imd  summer. 
We  know  that  the  Alpine  hare  (X«;hw  variabUiSj  Pal)  and  the 
ermine,  or  stoat,  {JI£u$Ula  emUneaif  Linn.)  become  white  during  winter, 
and  again  obtain  their  full  color  during,  the  wanner  season ;  that  the 
plumage  of  the  ptarmigan  undergoes  a  like  metamorphosis  in  color 
and  quantity,  and  that  the  change  is  equally  temporary.  We 
are  aware  that,  if  we  reclaim  some  wild  animal,  and  modify  its  habits 
and  instincts  by  domestication,  it  may,  if  it  escapes,  became  in  a  few 
years  nearly  as  wild  and  untractableas  ever ;  and  ^  lihe  same  individual 
be  again  r^ken,  it  may  be  reduced  to  its  former  tame  state.  A  plant 
is  sown  in  a  prepared  soil,  in  order  that  the  petals  of  its  flowers  may 
multiply,  and  tiieir  color  be  heightened  or  changed:  if  we  then. with- 
hold our  care,  4he  flowers  of  this  same  species  become  again  singlcb  In 
these,  and  innumerable  other  instances,  we  must  suppose  that  the 
species  was  produced  with  a  certain  number  of  qualities;  and,  in  the 
case  of  animiids,  with  a  variety  of  instincts,  some  of  which  may  or  may 
not  be  developed  according  to  circumstances^  or  whiohi  after  having 
been  called  forth,  may  again  become  latent  when  the  exciting  causes  are 
removed. 
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Now,  the  formation  of  races  seeniB  the  necessary  consequence 
of  Bach  a  capability  in  spedes  to  yarj,  if  it  be  a  general  law  that  the 
o&pring  should  very  closely  resemble  the  parent  Bat,  heion 
we  can  infer  that  there  are  no  limits  to  the  deviation  from  an  original 
type  which  may  be  brought  about  in  the  coarse  of  an  indefinite 
number  of  generations,  we  ought  to  have  some  proof  that,  in  each 
successive  generation,  individuals  may  go  on  acquiring  an  equal 
amount  of  new  peculiarities,  under  the  influence  of  equal  changes 
of  circumstances.  The  balance  of  evidence,  however,  inclines  most 
decidedly  on  the  opposite  side ;  for  in  aU  cases  we  find  that  the  quantity 
of  divergence  diminishes  after  a  few  generations  in  a  very  rapid 
ratio. 

Species  sueceptihU  of  modification  may  be  greatly  altered  in  a  few 
generations, — It  cannot  be  objected,  that  it  is  out  of  our  power  to  go 
on  varying  the  circumstances  in  the  same  manner  as  might  happen 
in  the  natural  course  of  events  during  some  great  geological  cycle. 
For  in  the  first  place,  where  a  capacity  is  given  to  individuals  to  adapt 
themselves  to  new  circumstances,  it  does  not  generally  require  a  very 
long  period  for  its  development :  if^  indeed,  such  were  the  case,  it  is 
not  easy  to  see  how  the  modification  would  answer  the  ends  propoeed, 
for  all  the  individuab  would  die  before  new  qualities,  habits,  or  instincCB 
were  conferred. 

When  we  have  succeeded  in  naturalizing  some  tropical  plant  in 
a  temperate  climate,  nothing  prevents  us  fi-om  attempting  gradually  to 
extend  its  distribution  to  higher  latitudes,  or  to  greater  elevations 
above  the  level  of  the  sea,  allowing  equal  quantities  of  time,  or  an 
equal  number  of  generations,  for  habitnating  the  species  to  successive 
increments  of  cold.  But  eveiy  husbandman  and  gardener  is  aware 
that  such  experiments  will  fiiil ;  and  we  are  more  likely  to  succeed  in 
making  some  plants,  in  the  course  of  the  first  two  generations,  support 
a  considerable  degree  of  difference  of  temperature,  than  a  very  small 
difference  afterwards,  though  we  persevere  for  many  centuries. 

It  is  the  same  if  we  take  any  other  cause  instead  of  temperature ; 
such  as  the  quality  of  the  food,  or  the  kind  of  dangers  to  which  aa 
animal  is  exposed,  or  the  soil  in  which  a  plant  lives.  The  alteration 
in  habits,  form,  or  organization,  is  often  rapid  during  a  short  period ; 
but  when  the  circumstances  are  made  to  vary  farther,  though  in  ever 
so  slight  a  degree,  all  modification  ceases,  and  the  individual  perishes. 
Thus  some  herbivorous  quadrupeds  may  be  made  to  feed  partially  on 
fish  or  fiesh ;  but  even  these  can  never  be  taught  to  live  on  some  herbs 
which  they  reject,  and  which  would  even  poison  them,  although  the 
same  may  be  very  nutritious  to  other  species  of  the  same  natural  order. 
80  when  man  uses  force  or  stratagem  against  wild  animals,  the  perse- 
cuted race  soon  becomes  more  cautious,  watchful,  and  cunning;  new 
instincts  seem  often  to  be  developed,  and  to  become  hereditary  in  the 
first  two  or  three  generations :  but  let  the  skill  and  address  of  man 
increase,  however  gradually,  no  farther  variation  can  take  place,  no  new 
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qnalHies  are  elicited  by  the  inczeasiog  dangers.  The  alteration  of  the 
habitB  of  the  species  has  reached  a  point  beyond  which  no  ulterior 
modxfication  is  posaibjey  howerer  indefinite  the  lapse  of  ages  during 
which  the  new  circamstanoes  operate.  Extirpation  then  follows,  rather 
than  such  a  transformation  as  could  alone  enable  the  species  to  perpe- 
tuate itself  under  the  new  state  of  things. 

JnimaU  now  subject  to  man  had  origiwdly  an  aptitude  to  dwneM* 
ticity, — ^It  has  been  well  obserred  by  M.  F.  Oyvier  and  M«  Dureau  de 
la  Malle,  that  unless  some  animals  had  manifested  in  a  wild  state  an 
aptitude  to  second  the  efforts  of  man,  their  domestication  would  never 
hare  been  attempted.  If  they  had  all  resembled  the  wolf,  the  fox,  and 
the  hysena,  the  patience  of  the  experimentalist  would  have  been 
eahansted  by  innumerable  failures  before  he  at  last  succeeded  in  obtain- 
ing some  imperfect  results ;  so  if  the  first  advantages  derived  from  the 
cultivation  of  plants  had  been  elicited  by  as  tedious  and  costly  a  pro- 
cess as  that  by  which  we  now  make  some  slight  additional  improve- 
ments in  certain  races,  we  should  have  remained  to  this  day  in  ignorance 
of  the  greater  number  of  their  useful  qualities. 

Aoquired  metincts  of  some  animals  become  hereditary. — It  is  un- 
doubtedly true,  that  many  new  habits  and  qualities  have  not  only  been 
acquired  in  recent  times  by  certain  races  of  dogs,  but  have  been  trans- 
mitted to  their  ofl&pring.  But  in  these  cases  it  will  be  observed,  that 
the  new  peculiarities  have  an  intimate  relation  to  the  habits  of  the 
animal  in  a  wild  state,  and  therefore  do  not  attest  any  tendency  to 
a  departure  to  an  indefinite  extent  from  the  original  type  of  the 
species.  A  race  of  dogs  employed  for  hunting  deer  in  the  platform  of 
Saute  F6,  in  Mexico,  afibrds  a  beautiful  illustration  of  a  new  hereditary 
instinct  The  mode  of  attack,  observes  M.  Roulin,  which  they  employ 
consists  in  seizing  the  animal  by  the  belly  and  overturning  it,  by  a 
sudden  efibrt,  taking  advantage  of  the  moment  when  the  body  of  the 
deer  rests  only  upon  the  fore^legs.  The  weight  of  the  animal  thus  thrown 
over  is  often  six  times  that  of  its  antagonist.  The  dog  of  pure  breed 
inherits  a  disposition  to  this  kind  of  chase,  and  never  attacks  a  deer 
from  before  while  running.  Even  should  the  deer,  not  perceiving  him, 
come  directly  upon  him,  the  dog  steps  aside  and  makes  his  assault  on 
the  flank;  whereas  other  hunting  dogs,  though  of  superior  strength, 
and  general  sagacity,  which  are  brought  from  Europe,  are  destitute  of 
this  instinct.  For  want  of  similar  precautions,  they  are  often  killed  by 
the  deer  on  the  spot,  the  vertebrae  of  their  neck  being  dislocated  by  the 
violence  of  the  shock.* 

A  new  instinct  has  also  become  hereditaiy  in  a  mongrel  race  of  dogs 
employed  by  the  inhabitants  of  the  banks  of  the  Magdalena  almost 
exdusively  in  huntings  the  white-lipped  pecarL  The  address  of  these 
dogs  consists  in  restraining  their  ardor,  and  attaching  themselves  to  nc 
animal  in  particular,  but  keeping  the  whole  herd  in  check.    Now, 

*  ]£  BoDlln,  Ann.  des  Sci  Nat.  torn.  zrL  p.  Id.  1829. 
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among  these  dogs  some  are  found,  wbich  the  rery  fint  time  thej  an 
taken  to  the  woods,  are  acquainted  with  this  mode  of  attack ;  whereas, 
a  dog  of  another  breed  starts  forward  at  once,  is  surrounded  by  the 
pecan,  and,  whaterer  maj  be  his  strength,  is  destroyed  in  a  moment 

Some  of  our  countrymen,  engaged  of  late  in  conducting  one  of  the 
principal  mining  associations  in  Mexico,  that  of  Real  del  Moute,  earned 
out  with  them  some  English  greyhounds  of  the  best  breed,  to  hunt  the 
hares  which  abound  in  that  country.  The  great  platform  which  ia  the 
scene  of  sport  is  at  an  elevation  of  about  nine  thousand  feet  abore  the 
level  of  the  sea,  and  the  mercury  in  the  barometer  stands  habitually  at 
the  height  of  about  nineteen  inches.  It  was  found  that  the  greyhounds 
could  not  support  the  ffttignee  of  a  long  chase  in  this  attenuated  atmo 
sphere,  and  before  they  could  come  up  with  their  prey,  they  lay  down 
gasping  for  breath;  but  these  same  animals  have  produced  whdps 
which  have  grown  up,  and  are  not  in  the  least  degree  incommoded  Ij 
the  want  of  density  in  the  air,  but  run  down  the  hares  with  as  much 
ease  as  the  fleetest  of  their  race  in  this  country. 

The  fixed  and  deliberate  stand  of  the  pointer  has  with  propriety  been 
regarded  as  a  mere  modification  of  a  habit,  which  may  have  been  use- 
ful to  a  wild  race  accustomed  to  wind  game,  and  steal  upon  it  by  sur- 
prise, first  pausing  for  an  instant,  in  order  to  spring  with  unerring  aim. 
The  faculty  of  the  retriever,  however,  may  justly  be  regarded  as  more 
inexplicable  and  less  easily  referable  to  the  instinctive  passions  of  the 
species.  M.  Majendie,  says  a  French  writer  in  a  recently  published 
memoir,  having  learnt  that  there  was  a  race  of  dogs  in  England  which 
stopped  and  brought  back  game  of  their  own  accord,  procured  t 
pair,  and  having  obtained  a  whelp  from  them,  kept  it  constantly  undo* 
his  eyes,  until  he  had  an  opportunity  of  assuring  himself  that,  wititont 
having  received  any  instruction,  and  on  the  very  first  day  that  it  was 
carried  to  the  chase,  it  brought  back  game  with  as  much  steadineas  as 
dogs  which  had  been  schooled  into  the  same'  manoeuvre  by  means  of  the 
whip  and  collar. 

Attributes  of  animaJa  in  their  relation  to  man. — Such  attainments,  as 
well  as  the  habits  and  dispositions  which  the  shepherd^s  dog  and  many 
others  inherit,  seem  to  be  of  a  nature  and  extent  which  we  can  hardly 
explain  by  supposing  them  to  be  modifications  of  instincts  necessary 
for  the  preservation  of  the  species  in  a  wild  state.  When  such  re- 
markable habits « appear  in  races  of  this  species  we  may  reasonably 
conjecture  that  they  were  given  with  no  other  view  than  for  the  use  <k 
man  and  the  preservation  of  the  dog,  which  thus  obtains  protection. 

As  a  general  rule,  I  fully  agree  with  M.  F.  Cuvier,  that,  in  studying 
the  habits  of  animals,  we  must  attempt,  as  far  as  possible,  to  refer  their 
domestic  qualities  to  modifications  of  instincts  which  are  implanted  in 
them  in  a  state  of  nature ;  and  that  writer  has  successfully  pointed  out, 
•in  an  admirable  essay  on  the  domestication  of  the  mammalia*,  the  true 

«  Mem.  da  Mns.  d'Hist  Nat— JameBon,  Ed.  Kew  FhiL  Joum.  Kos.  6,  7,  S. 
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origin  of  many  dispositions  which  are  vulgarly  attributed  to  the  infiu*' 
ence  of  education  alone.  But  we  should  go  too  far  if  we  did  not  admit 
that  some  of  the  qualities  of  particular  animals  and  plants  may  have 
been  given  solely  with  a  view  to  the  connection  which  it  was  foreseen 
would  exist  between  them  and  man — especially  when  we  see  that  con- 
nexion to  be  in  many  cases  so  intimate,  that  the  greater  number,  and 
sometimes,  as  in  the  case  of  the  camel,  all  the  individuals  of  the  species 
which  exist  on  the  earth  are  in  subjection  to  the  human  race. 

We  can  perceive  in  a  multitude  of  animals,  especially  in  some  of  the 
parasitic  tribes,  that  certain  instincts  and  organs  are  conferred  for  the 
purpose  of  defence  or  attack  against  some  other  species.  Now  if  we 
are  reluctant  to  suppose  the  existenc^e  of  similar  relations  between 
man  and  the  instincts  of  many  of  the  inferior  animals,  we  adopt  an 
hypothesis  no  less  violent,  though  in  the  opposite  extreme  to  that  which 
has  led  some  to  imagine  the  whole  animate  and  inanimate  creation  to 
have  been  made  solely  for  the  support,  gratification,  and  instruction  of 
mankind. 

Many  species,  most  hostile  to  our  persons  or  property,  multiply,  in 
spit^  of  our  efforts  to  repress  them;  others,  on  the  contrary,  are 
intentionally  augmented  many  hundred  fold  in  number  by  our  exertions. 
In  such  instances,  we  must  imagine  the  relative  resources  of  man,  and 
of  species  friendly  or  inimical  to  him,  to  have  been  prospectively  calcu- 
lated and  adjusted.  To  withhold  assent  to  this  supposition,  would  be 
to  refuse  what  we  must  grant  in  respect  to  the  economy  of  nature  in 
every  other  'part  of  the  organic  creation ;  for  the  vilrious  species  of 
contemporary  plants  and  animals  have  obviously  their  relative  forces, 
nicely  balanced,  and  their  respective  tastes,  passions,  and  instincts  so 
contrived,  that  they  are  all  in  perfect  harmony  with  each  other.  In  no 
other  manner  could  it  happen  that  each  species,  surrounded,  as  it  is,  by 
countless  dangers,  should  be  enabled  to  maintain  its  ground  for  periods 
of  considerable  duration. 

The  docility  of  the  individuals  of  some  of  our  domestic  species, 
extending,  as  it  does,  to  attainments  foreign  to  their  natural  habits  and 
faculties,  may,  perhaps,  have  been  conferred  with  a  view  to  their  asso- 
ciation with  man.  But,  lest  species  should  be  thereby  made  to  vary 
indefinitely,  we  find  liiat  such  habits  are  never  transmissible  by 
generation. 

A  pig  has  been  trained  to  hunt  and  point  game  with  great  activity 
and  steadiness  * ;  and  other  learned  individuals,  of  the  same  species, 
have  been  taught  to  spell;  but  such  fortuitous  acquirements  never 
become  hereditary,  for  they  have  no  relation  whatever  to  the  exigencies 
of  the  animal  in  a  wild  state,  and  cannot,  therefore,  be  developments  of 
any  instinctive  propensities. 

Influence  of  domestication. — An  animal  in  domesticity,  says  M.  F, 

♦  In  the  New  Forest;  near  Ringwood,  Hants,  by  Mr.  Toomer,  keeper  of  Broomy 
Lodge.    1  have  conversed  with  witnesses  of  the  lact 
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Cttvier,  is  not  easentially  in  a  different  ntnation,  ih  regard  to  th« 
feeling  of  restraint,  from  one  left  to  itsett    It  lives  in  society  without 
constraint,  because,  without  doubt,  it  was  a  social  awimal ;  and  it  con- 
forms itself  to  the  will  of  man,  because  it  had  a  chief^  to  which,  in  a 
wild  state,  it  would  have  yielded  obedience.    There  is  nothing  in  its 
new  situation  that  is  not  conformable  to  its  propensities ;  it  is  satisfy- 
ing its  wants  by  submission  to  a  master,  and  makes  no  sacrifice  of  its 
natural  inclinations.    All  the  social  animals,  when  left  to  themaelvea^ 
form  herds  more  or  less  numerous ;  and  all  the  individuals  of  the 
same  herd  know  each  other,  are  mutually  attached,  and  will  not  allow 
a  strange  individual  to  join  them.    In  a  wild  state,  moreov^,  they 
obey  some  individual,  which,  by  its  superiority,  has  become  the  chief 
of  the  herd.     Our  domestic  species  had,  originally,  this  sodability  of 
disposition ;  and  no  solitary  species,  however  easy  it  may  be  to  tame 
it,  has  yet  afforded  true  domestic  races.    We  merely,  therefore^  devdope^ 
to  our  own  advantage,  propensities  which  propel  the  individuals  of 
certain  species  to  draw  near  to  their  fellows. 

The  sheep  which  we  have  reared  is  induced  to  follow  us,  as  it 
would  be  led  to  follow  the  flock  among  which  it  was  brought  up;  acnd, 
when  individuals  of  gregarious  species  have  been  accustomed  to  one 
master,  it  is  he  alone  whom  they  acknowledge  as  their  chief— he  only 
whom  they  obey.  ^'  The  elephant  allows  himself  to  be  directed  only 
by  the  camac  whom  he  has  adopted ;  the  dog  itself^  reared  in  solitudie 
with  its  master,  manifests  a  hostile  disposition  towaids  all  others; 
and  every  body  knows  how  dangerous  it  is  to  be  in  the  midst  of  a  herd 
of  cows,  in  pasturages  that  are  little  frequented,  when  they  have  not  at 
their  head  the  keeper  who  takes  care  of  them. 

"  Every  thing,  Uierefore,  tends  to  convince  u%  that  formerly  men 
were  only  with  regard  to  the  domestic  animals,  what  those  who  are 
particularly  charged  with  the  care  of  them  still  are — ^namely,  memberB 
of  the  society  which  these  animals  form  among  themselves ;  and,  that 
they  are  only  distinguished,  in  the  general  mass,  by  the  authority 
which  they  have  been, enabled  to  assume  from  their  superiority  of  in- 
tellect Thus,  every  social  animal  which  recognizes  man  as  a  member, 
and  as  the  chief  of  its  herd,  is  a  domestic  animal.  It  might  even  be 
said,  that,  from  the  moment  when  such  an  animal  admits  man  as  a 
member  of  its  society,  it  is  domesticated,  as  man  could  not  enter  into 
such  society  without  becoming  the  chief  of  it"  * 

But  the  iugenious  author  whose  observataons  I  have  here  cited, 
admits  that  the  obedience  which  the  individuals  of  many  domestic 
bpecies  yield  indifferently  to  ezery  person,  is  without  analogy  in  any 
state  of  things  which  could  exist  previously  to  their  subjugation  by 
man.  Each  troop  of  wild  horses,  it  is  true,  has  some  stallion  for  its 
chie^  who  draws  after  him  all  the  individuals  of  which  the  herd  is  com- 
posed ;  but  when  a  domesticated  horse  has  passed  from  hand  to  hand, 

•  M^rn.  dn  Hqs.  d'Hist  Nat 
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and  has  senred  several  maatere,  he  becomes  equally  docile  towards  antf 
person^  and  is  subjected  to  the  whole  human  race.  It  seems  fair  to  pre- 
sume that  the  capability  in  the  instinct  of  the  horse  to  be  thus  modi- 
fied, was  given  to  enable  the  species  to  render  greater  services  to 
man;  and,  perhaps,  the  facility  with  which  many  other  acquired 
characters  become  hereditary  in  various  races  of  the  horse,  may  be 
explicable  only  on  a  like  supposition.  The  amble,  for  example,  a 
pace  to  which  the  domestic  races  in  tome  parts  of  Spanish  America 
are  exclusively  trained,  has,  in  the  course  of  sevaal  generations,  become 
hereditary,  and  is  assumed  by  all  the  young  colts  before  they  are 
broken  in.* 

It  seems,  also,  reasonable  to  conclude,  that  the  power  bestowed  on 
the  horse,  the  dog,  the  ox,  the  sheep,  the  cat,  and  many  species  of 
domestic  fowls,  of  supporting  almost  every  climate,  was  giren  ex- 
pressly to  enable  them  to  follow  man  throughout  all  parts  of  the 
globe,  in  order  that  we  might  obtain  their  services,  and  they  our  pro- 
tection. If  it  be  objected  that  the  elephant  which,  by  the  union  of 
strength,  intelligence,  and  docility,  can  render  the  greatest  services  to 
mankind,  is  incapable  of  living  in  any  but  the  warmest  latitudes,  we  may 
observe  that  the  quantity  of  vegetable  food  required  by  this  quadruped 
would  render  its  maintenance  in  the  temperate  asones  too  costly,  and  in 
the;  arctic  impossible. 

Among  the  changes  superinduced  by  man,  none  appear,  at  first  sight, 
more  remarkable  than  the  perfect  tameness  of  certain  domestic  racea. 
It  is  well  known  that,  at  however  early  an  age  we  obtain  possession  of 
the  young  of  many  unreclaimed  races,  they  will  retain,  throughout  life, 
a  considerable  timidity  and  apprehensiveness  of  danger;  whereas,  after 
one  or  two  generations,  the  descendants  of  the  same  stock  will  habitu- 
ally place  the  most  implicit  confidence  in  man.  There  is  good  reason, 
however,  to  suspect  that  such  changes  are  not  without  analogy  in  a 
state  of  nature ;  or,  to  speak  more  correctly,  in  situations  where  man 
has  not  interfered^ 

We  learn  from  Mr.  Darwin,  that  in  the  Galapagos  archipelago,  placed 
directly  under  the  equator,  and  nearly  600  miles  west  of  the  American 
continent,  all  the  terrestrial  birds,  as  the  finches,  doves,  hawks,  and 
others,  are  so  tame,  that  they  may  be  killed  with  a  switch.  One  day, 
says  this  author,  ^'a  mocking  bird  alighted  on  the  edge  of  a  pitcher 
which  I  held  in  my  hand,  and  began  quietly  to  sip  the  water,  and 
allowed  me  to  lift  it  with  the  vessel  from  the  ground."  Yet  formerly, 
when  the  first  Europeans  landed,  and  found  no  inhabitants  in  these 
islands,  the  birds  were  even  ^mer  than  now :  already  they  are  begin- 
ning to  acquire  that  salutary  dread  of  man  which  in  countries  long 
settled  is  natural  even  to  young  birds  which  have  never  received  any 
injury.  So  in  the  Falkland  Islands,  both  the  birds  and  foxes  are  entirely 
without  fear  of  man ;    whereas,  in  the  adjoining  mainland  of  South 

*  Dureau  dd  la  AEalla  Aon.  des  Sd  Nat,  tom.  zzL  p.  58. 
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America,  many  of  the  same  species  of  Inids  aie  extremely  wild;  finr  Hiers 
they  have  for  ages  been  penecated  by  the  natiTes.* 

Dr.  Richardson  informs  ns,  in  his  able  history  of  the  habits  of  the 
North  American  animals,  that,  **•  in  the  retired  parts  of  the  mountains 
where  the  hunters  had  s^dom  penetrated,  there  is  no  difficulty  in 
approaching  the  Rocky  Mountain  sheep,  which  there  exhibit  dU  nmpU- 
city  of  ekarOiCter  so  remarkable  in  the  domestic  species  ;  but  wh««  they 
have  been  often  fired  at,  they  are  exceedingly  wild,  alann  their  compa- 
nions, on  tlie  approach  of  danger,  by  a  hissing  noise,  and  scale  the  rocks 
with  a  speed  and  agility  that  baffie  pursuit.'^f 

It  is  probable,  therefore,  that  as  man,  in  diffusing  himself  over  the 
globe,  has  tamed  many  wild  races,  so,  also,  he  has  made  many  tame 
races  wild.  Had  some  of  the  larger  carnivorous  beasts,  capable  of  scal- 
ing the  rocks,  made  their  way  into  the  North  American  mountains 
before  our  hunters,  a  similar  alteration  in  the  instinots  of  the  theep 
would  doubtless  have  been  brought  about 

WUd  elephants  domesticated  in  a  few  years. — No  animal  affoids  a 
more  striking  illustration  of  the  principal  points  which  I  have  beea  en- 
deavouring to  establish  than  the  elephant ;  for,  in  the  first  place,  the 
yronderful  sagacity  with  which  he  accommodates  himself  to  the  society  of 
man,  and  the  new  habits  which  he  contracts,  are  not  the  result  of  time, 
nor  of  modifications  produced  in  the  course  of  many  generations^ 
These  animals  will  breed  in  captivity,  as  is  now  ascertained,  in  oppooa- 
tion  to  the  vulgar  opinion  of  many  modem  naturalists,  and  in  oonformitf 
to  that  of  the  ancients  ^ian  and  Columella^:  yet  it  has  always  been  the 
custom,  as  the  least  expensive  mode  of  obtaining  them,  to  capture  wild 
individuals  in  the  forests,  usually  when  full  grown ;  and,  in  a  few  years 
after  they  are  taken — sometimes,  it  is  said,  in  the  space  (^  afew  months 
— ^their  education  is  completed. 

Had  the  whole  species  been  domesticated  from  an  early  period  in  the 
history  of  man,  like  the  camel,  their  superior  intelligence  would,  doubt- 
less, have  been  attributed  to  their  long  and  &miliar  intercourse  with  the 
lord  of  the  creation ;  but  we  know  that  a  few  years  is  sufficient  to  bring 
about  this  wonderful  change  of  habits;  and  although  the  same  indivi- 
dual may  continue  to  receive  tuition  for  a  century  afterwards,  yet  it 
makes  no  farther  progress  in  the  general  development  of  its  &culties. 
Were  it  otherwise,  indeed,  the  animal  would  soon  deserve  more  than  the 
poet's  epithet  of  "  half-reasoning." 

From  the  authority  of  our  countrymen  employed  in  the  late  Burmese 
war,  it  appears,  in  corroboration  of  older  accounts,  that  when  elephants 
are  required  to  execute  extraordinary  tasks,  they  may  be  made  to  under- 
stand that  they  will  receive  unusual  rewards.  Some  favourite  dainty  is 
shown  to  them,  in  the  hope  of  acquiring  which  the  work  is  done;  and 
so  perfectly  does  the  nature  of  the  contract  appear  to  be  understood, 

*  Darwin's  Jonrn.  in  "Voyage  of  ILM.&  Beagle^  p.  475. 

f  Fauna  Boreali-Americana,  p.  278. 
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ihat  the  breach  of  it,  an  the.  part  of  the  xnaster^  ia  ofteii  attended  with 
danger.  In  this  caae^  a  power  has  been  given  to  the  species  to  adapt 
^tbeir  social  inwtincta  to  Bewcironmstances  with  suiprising  rapidity ;  but 
A»  extent  of  this  change  is  defined  by  strict  and  arbitrary  limits. 
There  is  no  indication  of  a  tendency  to  continued  diyergence  from 
eeortain  attributes  with  which  the  elephant  was  originally  endued — ^no 
ground  whatever  for  anticipating  that,  in  thousands  of  centuries,  any 
material  alteration  could  ever  be  effected.  All  that  we  can  infer  from 
analogy  is^  that  some  mjore  useful  and  peculiar  races  might  probably 
be  formed,  if  the  experiment  were  &irly  tried ;  and  that  some  individual 
characteristic,  now  only  casual  and  temporary,  might  be  perpetuated 
by  generation. 

In  all  cases,  therefore,  where  the  domestic  qualities  exi^t  in  animals, 
they  seem  to  require  no  lengthened  process  for  their  levelopement ; 
and  they  appear  to  have  been  wholly  denied  to  some  classes,  which, 
£rom  their  strength  and  social  disposition,  might  have  rendered  great 
services  to  man ;  as,  for  example,  the  greater  part  of  tte  quadrumana. 
The  orang-outang,  indeed,  which,  for  its  resemblance  in  form  to  man, 
and  apparently  for  no  other  good  reason,  has  been  assumed  by  Lamarck 
to  be  the  most  perfect  of  the  inferior  animals,  has  been  tamed  by  the 
savages  of  Borneo,  and  made  to  climb  lofty  trees,  and  to  bring  down 
the  fruit  But  he  is  said  to  yield  to  his  masters  an  unwilling  obedience, 
and  to  be  held  in  subjection  only  by  severe  discipline.  We  know 
nothing  of  the  iacoltieB  of  this  animal  which  can  si^gest  the  idea  that 
it  rivals  the  elephant  in  intelligence  ;  much  less  anything  which  can 
countenance  the  dreams  of  those  who  have  fancied  that  it  might  have 
been  transmuted  into  the  ^  dominant  race.**  One  of  the  baboons  of 
Sumatra  [Simia  carpoUgus)  appears  to  be  more  docile,  and  is  frequently 
trained  by  the  inhabitants  to  ascend  trees,  for  the  purpose  of  gathering 
cocoa-nuts ;  a  service  in  which  the  animal  is  yerj  expert  He  selects, 
says  Sir  Stamford  Baffles,  the  ripe  nuts,  with  great  judgment,  and  pulls 
no  more  than  he  is  c^ered.*  The  capuchin  and  cacajao  monkeys  are, 
according  to  Humboldt,  taught  to  ascend  trees  in  the  same  manner, 
and  to  throw  down  fruit  on  the  banks  of  the  lower  Orinoco.f 

It  is  for  the  Lamarddans  to  explam  how  it  happens  that  those  same 
savages  of  Borneo  have  not  themselves  acquired,  by  dint  of  longing,  foi 
many  generations,  for  the  power  of  climbing  trees,  the  elongated  arm» 
of  the  ourang,  or  even  the  prehensile  tails  of  some  American  monkeys  * 
Instead  of  being  reduced  to  the  necessity  of  subjugating  stubborn  and 
untractable  brutes,  we  should  naturally  have  anticipated  **  that  their 
wants  would  have  excited  them  to  efforts,  and  that  continued  efforts 
would  have  given  rise  to  new  organs ;"  or  rather  to  the  re-acquisition 
of  organs  which,  in  a  manner  irreconcileable  with  the  principle  of  the 

♦linn.  Trans.  voL  xill  p.  244 
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pn^emve  system,  have  grown  obsolete  in  tribes  of  men  whidi  knr« 
such  constant  need  of  them, 

jRecapitulatUm, — It  follows,  then,  from  the  different  fiicts  which  faftfB 
been  considered  in  this  chapter,  that  a  short  period  of  time  is  generaUj 
sufficient  to  effect  nearly  the  whole  <diaage  whioh  an  alteration  of  ext6^ 
nal  circumstances  can  bring  about  in  the  habits  of  a  species,  and  that 
such  capacity  of  accommodation  to  new  cupcumstaaces  la  enjoyed  in 
very  different  degrees,  by  different  species. 

Certain  qualities  appear  to  be  bestowed  exdusirely  with  a  Tiew  to 
the  relations  which  are  destined  to  exist  between  different  spedes^  and, 
among  others,  between  certain  species  and  man ;  bat  these  latter  an 
always  so  nearly  connected  with  the  original  habits  and  propensities  of 
each  species  in  a  wild  state,  that  they  imply  no  indefinite  capaoify  of 
varying  from  the  original  type.  The  acquired  habits  derived  fimn  hih 
man  tuition  are  rarely  transmitted  to  the  ol&pring;  and  when  this  hap- 
pens, it  is  almost  universally  the  case  with  those  merely  which  hate 
some  obvious  connexion  with  the  attributes  of  the  speciea  when  in  a, 
state  of  independence. 
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Phenomena  of  hybrids — ^Hunter's  opinions — ^Moles  not  strictly  intermedisto 
between  parent  species — ^Hybrid  plants — ^Experiments  of  K5lreater  and  Wieg* 
mann — ^Vegetable  hybrids  prolific  thronghont  several  generations — ^Why  nte 
in  a  wild  state— Decundolle  on  hybrid  plants— The  phenomena  of  iiybddi 
confirm  the  distinctness  of  species— Theory  of  the  gradation  in  the  iateUi* 
gence  of  animals  as  indicated  by  the  facial  angle — ^Doctrine  that  oeitain 
organs  of  the  foetus  in  mammalia  assume  successively  the  forms  of  fish,  rep- 
tile, and  bird — ^Recapitulation. 

Phenomena  of  hybrids, — ^We  have  yet  to  consider  another  class  of  phe- 
nomena, those  relating  to  the  production  of  hybrids,  which  have  been 
regarded  in  a  very  di£ferent  light  with  reference  to  their  bearing  on  the 
question  of  the  permanent  distinctness  of  species ;  some  naturalists  con- 
sidering them  as  affording  the  strongest  of  all  proofs  in  fieivor  of  the 
reality  of  species ;  others,  on  the  contrary,  appealing  to  them  as  counte- 
nancing the  opposite  doctrine,  that  all  the  varieties  of  organization  and 
instinct  now  exhibited  in  the  animal  and  vegetable  kingdoms  may  have 
been  propagated  from  a  small  number  of  original  types. 

In  regard  to  the  mammifers  and  birds  it  is  Ibund  that  no  seiual 
union  will  take  place  between  races  which  are  remote  from  each  other 
in  their  habits  and  organization ;  and  it  is  only  in  species  that  are  very 
nearly  allied  that  such  unions  produce  ofi&pring.    It  may  be  laiddovA 
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JB  a  general  rnldi  adxnittmg  of  retry  few  ezoeptionB  among  quadraped% 
that  the  hybrid  progeny  is  sterile;  and  t^ere  Beem*  to  be  no  well 
aadientieated  exaitaplee  of  the  eontimiaiioe  of  ihe  mule  taoe  beyond 
one  generatioiL  Ilie  {nrineipBl  number  of  obBervationa  and  ezperi- 
ments  relate  to  the  mixed  offsprisg  of  the  hofte  and  the  ass ;  and 
in  this  case  it  is  well  established  that  the  he-mnle  oan  generate,  and 
the  she-mole  produce^  Boeh  oases  ooourin  Spain  and  Italy,  and  much 
more  frequently  in  the  West  Indies  and  New  Holland ;  but  these  mules 
hare  never  bred  in  cold  climates,  seld(HDa  in  warm  regions,  and  still 
more  rarely  in  temperate  countries. 

The  hybrid  offiapiing  of  the  she-ass  and  the  staUiiCMi,  the  ym»g  of 
Aristotle,  and  the  hinnus  of  Pliny,  differs  from  the  mule,  or  the  off-* 
spring  of  the  ass  and  mare.  In  both  Gaaes,  says  Buffbn,  these  animals 
retain  more  of  the  dam  than  of  the  sire,  not  only  in  the  magnitude,  but 
in  the  figure  of  the  body :  whereas,  in  the  form  of  the  head,  limbs,  and 
tail,  they  bear  a  greater  resemblance  to  the  sire*  Tk^  same  naturalist 
infers,  from  various  experiments  re^>ecting  cross-breeds  between  the 
he-goat  and  ewe,  the  dog  and  she-wolf^  the  goldfinch  and  canary-bird, 
that  the  male  transmits  his  sex  to  the  greatest  number,  and  that  the 
preponderance  of  males  over  females  exceeds  that  which  prevails  where 
the  parents  are  of  the  same  species. 

HunUf^s  opinion. — ^The  celebrated  John  Hunter  has  observed,  that 
the  true  distinction  of  species  must  ultimately  be  gathered  from  their 
incapacity  of  propagating'  with  each  other,  and  produdng  o&pring 
capable  of  again  continuing  itsell  He  was  unwilling,  however,  to  ad- 
mit that  the  horse  and  the  ass  were  of  the  same  species,  because  some 
rare  instances  had  been  adduced  of  the  breeding  of  mules,  although  he 
maintained  that  the  wolf^  the  dog,^and  the  jackal  were  all  of  one  species; 
because  he  had  found,  by  two  experiments,  that  the  dog  would  breed 
both  with  the  wolf  and  the  jackal;  and  that  the  mule,  in  each  ease, 
would  breed  again  with  the  dog.  In  these  cases,  however,  it  may  be 
observed,  that  there  was  always  one  parent  at  least  of  pure  breed,  and 
no  proof  was  obtained  that  a  true  hybrid  race  could  be  perpetuated ;  a 
fiict  of  which  I  believe  no. examples  are  yet  recorded,  either  in  regazd  to 
mixtures  of  the  horse  and  ass,  or  any  other  of  the  mammalia. 

Should  the  £ACt  be  hereafter  ascertained,  that  two  mules  can  propa- 
gate th^  kind,  we  must  still  inquire  whether  the  offspring  may  not  be 
regarded  in  the  light  of  a  monstrous  birth,  proceeding  from  some  acd- 
dental  cause,  or,  rather,  to  speak  more  philosophically,  from  some  general 
law  not  yet  understood,  but  which  may  not  be  permitted  permanently 
to  interfere  with  those  laws  of  generation  by  which  species  may,  in 
general,  be  prevented  from  becoming  blended.  If,  for  example,  we 
discovered  that  the  progeny  of  a  piule  race  degenerated  greatly,  in  the 
first  generation,  in  force,  sagacity,  or  any  attribute  necessary  for  its 
preservation  in  a  state  of  nature,  we  might  infer  that,  like  a  monster,  it 
is  a  mere  temporary  and  fortuitous  variety.  Nor  does  it  seem  probable 
that  the  greater  number  of  such  monsters  could  ever  occur  unless  ob- 
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tainad  by  ait;  for,  ia  Huntei'B  experimental  stntagem  or  foiee  was,  is 
most  instancesi  employed  to  bring  about  the  inegolar  connexion.* 

Mulei  not  ttrUUy  intermsdiaU  betioem  ih$  parmt  qtedes* — ^It  seems 
rarely  to  happen  that  the  mule  o&pring  is  tndy  intermediate  in  char- 
acter between  the  two  parents.  Thua  Honter  mentions  that,  in  his 
experimentSy  one  of  the  hybrid  pups  resembled  the  wolf  much  mors 
than  the  rest  of  the  litter;  and  we  are  infiinned  by  Wi^^mann^  that»  ia 
a  litter  lately  obtained  in  the  Boyal  Menagerie  at  Berlin,  from  a  whki 
pointer  and  a  she-wolf^  two  of  the  cubs  resembled  the  common  wolf-doj^ 
but  the  third  was  like  a  pointer  with  han^pi^  eaia. 

There  is  nndoabtedly  a  rery  dose  analogy  between  these  phenomena 
and  those  presented  by  the  intermixtore  of  distinct  races  of  the  same 
species,  both  in  the  inferior  animals  and  in  man.  Dr.  Prichaid,  in  hb 
^  Physical  History  of  Mankudd,"  cites  examples  where  the  peculiaritieB 
of  the  parents  have  been  transmitted  very  unequally  to  the  ofispring; 
as  whers  children,  entirely  white,  or  perfectly  black,  have  sprung  from 
the  union  of  the  European  and  the  negro.  Sometimes  the  colour  or 
other  peculiarities  of  one  parent,  after  having  failed  to  show  themselTes 
in  the  immediate  progeny,  reappear  in  a  subsequent  generation ;  as 
where  a  white  child  is  bom  of  two  bladk  parents,  the  grand£Either  having 
been  a  whitcf 

The  same  author  judidousiy  observes  that,  if  different  species  mixed 
their  breed,  and  hybrid  races  were  <^en  propagated,  the  animal  world 
would  soon  present  a  scene  of  confusion ;  its  tribes  would  be  every  when 
blended  together,  and  we  should  perhaps  find  more  hybrid  creatures 
than  genuine  and  uncorrupted  race8.| 

Hybrid  plants, — Kolreuter^t  experimetUs. — ^The  history  of  the  vege- 
table kingdom  has  been  thought  to  afford  more  decisive  evidence  in 
fiivour  of  the  theory  of  the  formation  of  new  and  permanent  species 
from  hybrid  stocks.  The  first  accurate  experiments  in  illustration  of 
this  curious  subject  appear  to  have  been  made  by  KSlreuter,  who  ob- 
tained a  hybrid  from  two  species  of  tobacco,  Nicoliana  nutica  and  JT. 
panieukUa^  which  differ  greatly  in  the  shape  of  their  leaves,  the  colour 
of  the  coroUa,  and  the  height  of  the  stem.  The  stigma  of  a  plant  of  i^. 
rustica  was  impregnated  with  the  pollen  of  a  pUnt  of  If.  panioiiata. 
The  seed  ripened,  and  produced  a  hybrid  which  was  intermediate 
between  the  two  parents,  and  which,  like  all  the  hybrids  which  this 
botanist  brought  up,  had  imperfect  stamens.  He  afterwards  impr^ 
nated  this  hybrid  with  the  pollen  of  iV.  pardculata^  and  obtained  plants 
which  much  more  resembled  the  last.  This  he  continued  through 
several  generations,  until,  by  due  perseverance,  he  actually  changed  the 
Nicotiana  rustica  into  the  Nieotiana  paniculata. 

The  plan  of  impregnation  adopted,  was  the  cutting  off  of  the  anthers 

•PhiLTrMii.l'78'7.    Additionsl  Remarks,  Pha  Trana  1)89.    See  also  Ebsaj 
by  the  late  Dr.  Samuel  G.  Horton,  on  Prolifio  Hybrids^  <&q.  ;  and  on  Hy 
M  a  Teat  of  Speciea — ^American  Journ.  of  Science^  vol  lii  1847. 

tPrichard,  volLp.217.    >  |  Ibid,  p^  97. 
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of  the  plant  intended  &r  fractification  before  they  had  ahed  pollen,  and 
then  hkying  on  foreign  pollen  upon  the  stigma. 

Wteffmann^t  eag^enmmti. — ^The  same  experiment  has  since  been 
repeated  with  success  bj  Wiegmann,  who  found  that  he  could  bring 
back  the  hybrids  to  the  exaat  likeness  of  either  parent,  by  crossing  them 
a  sufficient  number  of  times» 

The  blending  of  the  characters  of  the  parent  stocks,  in  many  other 
of  Wiegmann^s  experiments,  was  complete ;  the  colour  and  shape  of  the 
leaves  and  flowers,  and  even  the  scent,  being  intermediate,  as  in  the 
ofl&pring  of  the  two  species  of  verbascum..  An  intermarriage,  also,  be- 
tween the  common  onion  and  the  leek  {Allium  cepa  and  A.  porrum) 
gave  a  mule  plant,  which,  in  the  character  of  its  leaves  and  flowers, 
approached  most  nearly  to  the  garden  onion,  but  had  the  elongated 
bulbous  root  and  smell  of  the  leeL 

The  same  botanist  remarks,  that  vegetable  I^brids,  when  not  strictly 
intermediate,  more  frequently  approach  the  female  than  the  male  parent 
species;  but  they  never  exhibit  characters  foreign  to  both.  A  re-cross 
with  one  of  the  original  stocks  generally  causes  Uie  mule  plant  to  revert 
towards  that  stock ;  but  this  is  not  always  the  case,  the  offipring  som^ 
times  continuing  to  exhibit  the  character  of  a  full  hybrid. 

In  general,  the  success  attending  the  production  and  perpetuity  of 
hybrids  among  plants  depends,  as  in  the  animal  kingdom,  on  the  degree 
of  proximity  between  the  species  intermarried.  If  their  organization  be 
very  remote,  impregnation  never  takes  place ;  if  somewhat  less  distant, 
seeds  are  formed,  but  always  imperfect  aud  sterile.  The  next  degree  of 
relationship  yields  hybrid  seedlings,  but  these  are  barren ;  and  it  is  only 
when  the  parent  species  are  very  nearly  allied  that  the  hybrid  race  may 
be  perpetuated  lor  several  generations.  Even  in  this  case  the  best  au- 
thenticated examples  seem  confined  to  the  crossing  of  hybrids  with 
individuals  of  pure  breed.  In  none  of  the  experiments  most  accurately 
detailed  does  it  appear  that  both  the  parents  were  mules. 

Wiegmann  diversified  as  much  as  possible  his  mode  of  bringing 
about  these  irregular  unions  among  plants.  He  often  sowed  parallel 
rows,  near  to  each  other,  of  the  species  from  which  he  deured  to  breed; 
and,  instead  of  mutilating,  after  Kolreuter's  fashion,  the  plants  of  one 
of  the  parent  stocks,  he  merely  washed  the  pollen  ofi*  their  anthers. 
The  branches  of  the  plants  in  each  row  were  then  gently  bent  towards 
each  other  and  intertwined ;  so  that  the  wind,  and  numerous  insects,  as 
they  passed  from  the  flowers  of  one  to  those  of  the  other  species,  carried 
the  pollen  and  produced  fecundation. 

Vegetable  hybrids  why  rare  in  a  wild  state. — :The  same  observer  saw 
ft  good  exemplification  of  the  manner  in  which  hybrids  may  be  formed  in 
a  state  of  nature.  Some  wallflowers  and  pinks  had  been  growing  in  a 
garden,  in  a  dry  sunny  situation,  and  their  stigmas  had  been  ripened  so 
as  to  be  moist,  and  to  absorb  pollen  with  avidity,  although  their  anthers 
were  not  yet  developed.  These  stigmas  became  impregnated  by  pollen 
blown  from  some  other  adjacent  plants  of  the  same  species;  but  had 
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tliey  been  of  difibrant  ipedes,  and  not  too  remote  in  iiheir  oiganiationi 
male  races  must  have  resnlted. 

When,  indeed,  we  consider  how  busilysome  insedn  haive  been  shown 
to  be  engaged  in  conveying  anUier-dnst  from  flower  to  flower,  especially 
bees,  flowex^eating  beetles,  and  the  like,  it*  seems  a  most  enigmatical 
problem  how  it  can  happen  that  promiscuons  alliances  between  distinot 
spedes  are  not  perpetunlly  oconrring. 

How  oontimuJly  do  we  observe  tiie  bees  diligently  emplc^ed  in  col* 
lecdng  the  red  and  yellow  powder  by  which  the  stamens  <ji  flowers  are 
covered,  loading  it  on  their  hind  legs,  and  carrying  it  to  their  hive  for 
the  pvrpoee  of  feeding  their  young !  In  thus  providing  for  their  own 
'  progeny,  these  insects  assist  materially  the  process  of  fructification.* 
Few  persons  need  be  reminded  that  the  stamens  in  certain  plants  grow 
on  different  blossoms  from  the  pistils ;  and  unless  the  summit  of  the  pis- 
til be  touched  with  the  fertiliang  dust,  the  fruit  does  not  swell,  nor  the 
seed  arrive  at  maturity.  It  is  by  the  help  of  bees  chiefly,  that  the  deve- 
lopment of  the  fruit  of  many  such  spedes  is  secured^  the  powder  which 
they  have  collected  frt»n  the  stamens  being  unconsciously  1^  by  them 
in  visiting  the  pistils. 

How  often,  during  the  heat  of  a  summer's  day,  do  we  see  the  males  of 
diodcions  plants,  such  as  the  yew-tree,  standing  separate  from  the  fomales, 
and  sending  off  into  the  air,  upon  the  slightest  breath  of  wind,  clouds  of 
buoyant  pollen  I  That  the  zephyr  should  so  rarely  intervene  to  foemdate 
the  plants  of  one  species  with  the  anther-dust  of  others,  seems  dmost  to 
realize  the  converse  of  the  mirade  believed  by  the  credulous  herdsmen 
of  the  Lusitanian  mares — 

Ore  onmes  vena  in  Zephymin,  rtant  rapibns  altis 
Ezceptantqne  leveB  anras:  et  sffipe  Bine  uUJb 
Conjugiu^  rento  grayidsB,  mirabile  dictaf 

But,  in  the  first  place,  it  appears  that  there  is  a  natural  aversion  in 
plants,  as  well  as  in  animals,  to  irregular  sexual  unions ;  and  in  most  of  the 
successful  experiments  in  the  animal  and  vegetable  world,  some  videnee 
has  been  used  in  order  to  procure  impregnation*  The  stigma  imbibes, 
slowly  and  rductantly,  the  granules  of  the  pollen  of  another  spedes, 
even  when  it  is  abimdantly  covered  with  it ;  and  if  it  happen  that,  dur- 
ing this  period,  ever  so  slight  a  quantity  of  the  anther-dust  of  its  own 
spedes  alight  upon  it,  this  is  instantly  absorbed,  and  the  effect  of  the 
foreign  pollen  destroyed.  Beddes,  it  does  not  often  happen  that  the 
male  and  female  organs  of  fructification,  in  different  species,  arrive  at  a 
state  of  maturity  at  precisely  the  same  time.  Even  where  such  syn* 
chronism  does  prevail,  so  that  a  cross  impregnation  is  effected,  the 
chances  are  very  numerous  against  the  establishment  of  a  hyMd  race. 

If  we  consider  the  vegetable  kingdom  generally,  it  must  be  recollected 
that  even  of  the  seeds  which  are  well  ripened,  a  great  part  are  either 

*  See  Barton  on  the  Gkogrspfay  of  Fknta^  p^  S7.    f  0«oig.  UK  iii  S7S» 
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€atett  hj  ijBseeto,  biids,  and  other  animaH  or  decay  for  want  of  room 
aad  opportunity  to  germinate.  Unhealthy  plants  are  the  first  which  are 
cut  off  by  causes  prejudicial  to  the  species,  being  usually  stifled  by  more 
▼igorotts  individuals  of  their  own  kind.  Ify  therefore,  the  relative 
fecundity  or  hardiness  of  hybrids  be  in  the  least  degree  inferior,  they 
oanaot  maintain  their  footing  for  many  generations,  even  if  they  were 
ever  produced  beyond  one  generation  in  a  wild  state.  In  the  universal 
struggle  for  existence,  the  right  of  the  strongest  eventually  prevails ; 
and  the  strength  and  durability  <ji  a  race  depend  mainly  on  its  prolifb- 
nesa,  in  which  hybrids  are  aclmowledged  to  be  deficient 

Oenttturea  h^itUt^  a  plant  which  never  bears  seed,  aoc^  is  supposed 
to  be  produced  by  the  frequent  intermixture  of  two  wdl-known  species 
of  Oentaurea,  grows  wild  upon  a  hill  near  Turin.  JtanunaUua  laoertt^^ 
also  sterile,  has  been  produced  aecidentally  at  Orenoble,  and  near  Pazi% 
by  the  union  of  two  Ranunculi;  but  this  occurred  in  gardens.* 

Mr,  Herhert^B  txperimenis.'^Mti  Herbert,  in  one  of  lus  ingenious 
^pKpem  on  mule  planti,  endeavors  to  account  fof  their  non-K)ccnrrence 
in  a  state  of  nature,  from  the  circumstance  that  all  the  combinations 
that  were  likely  to  occur  have  already  been  made  many  craturies  ago, 
and  have  formed  the  various  ^des  of  botanists ;  but  in  our  gardens, 
he  says,  whenever  species,  having  a  certain  d^ee  of  affinity  to  each 
other,  ate  tiansported  from  different  countries,  and  brought  for  the  first 
time  into  contact,  they  give  rise  to  hybrid  8pecies.f  But  we  have  no 
data,  as  yet,  to  warrant  the  conclusion,  that  a  single  permanent  hybrid 
race  has  ever.been  formed,  even  in  gardens,  by  the  intermarriage  of  two 
allied  species  brought  from  distant  habitations.  Until  some  fiact  of  tins 
kind  is  fairly  established,  and  a  new  species,  capable  of  perpetuatiDg 
itself  in  a  state  of  perfect  independence  of  man,  can  be  pointed  out,  it 
seems  reasonable  to  call  in  question  entirely  this  hypothetical  source 
of  new  species.  That  varieties  do  sometimes  spring  up  from  cross- 
breeds, in  a  natural  way,  can  hardly  be  doubted ;  but  they  probably  die 
out  even  more  rapidly  than  races  propagated  by  grafts  or  layers. 

Opinion  of  Be  CandaUe^Be  CandoUe,  whose  opinion  on  a  philo* 
sophical  question  of  this  kind  deserves  the  greatest  attention,  has  ob- 
served, in  his  Essay  on  Botanical  Qeography,  that  the  fforktiea  of  plants 
Hinge  themselves  under  two  general  heads :  those  produced  by  external 
eircamstances,  and  those  formed  by  hybridity.  After  adducing  various 
arguments  to  show  that  neither  of  these  causes  can  explain  the  perma- 
n^it  diyersity  of  plants  indigenous  in  different  regions,  he  says,  in  regard 
to  the  crossing  of  races,  ^  I  can  perfectly  comprehend  without  altogether 
sharing  the  opinion,  that,  where  many  species  of  the  same  genera  occur 
near  together,  hybrid  species  may  be  formed,  and  I  am  awanre  that  the 
great  number  of  species  of  certain  genera  which  are  found  in  particular 
negioga  may  be  ezplained  in  this  manner ;  but  I  am  unable  to  conceive 
how  any  one  can  regard  the  same  explanation  as  applicable  to  species 

•  Hon.  and  Bev.  W.  Herbert^  Hort  Tttaa.,  voL  Iv.  p.  41.  t  ^'^ 
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which  live  naturally  at  great  distances.  If  the  three  larches,  for  exam- 
ple, now  known  in  the  world,  lived  in  the  same  localities,  I  might  tlien 
believe  that  one  of  them  was  the  produce  of  the  crossing  of  the  two 
others ;  but  I  never  could  admit  that  the  Siberian  species  has  been  pro- 
duced bv  the  crossing  of  those  of  Europe  and  America.  I  see,  then, 
that  there  exist  in  organized  beings,  permanent  differences  which  cannot 
be  referred  to  any  one  of  the  actual  causes  of  variation,  and  these  dif- 
ferences are  what  constitute  species.^* 

Beatify  of  species  confirmed  by  the  phenomena  of  hybrids. — The  most 
decisive  arguments  perhaps,  amongst  many  others,  against  the  probabifity 
of  the  derivation  of  permanent  species  from  cross-breeds,  are  to  be 
drawn  from  the  fact  alluded  to  by  De  Candolle,  of  speciei.  having  a 
dose  afSnity  to  each  other  occurring  in  distinct  botanical  provinces,  or 
countries  inhabited  by  groups  of  distinct  species  of  indigenous  plants ; 
for  in  this  case  naturalists,  who  are  not  prepared  to  go  the  whole  length 
of  the  transmutationists,  are  under  the  necessity  of  admitting  that,  in 
some  cases,  species  which  approach  very  near  to  each  other  in  their 
characters,  were  so  created  from  their  origm ;  an  admission  fatal  to  the 
idea  of  its  being  a  general  law  of  nature  that  a  few  original  types  only 
should  be  formed,  and  that  all  intermediate  races  should  spring  from 
the  intermixture  of  those  stocks. 

This  notion,  indeed,  is  wholly  at  variance  with  all  that  we  know  of 
hybrid  generation ;  for  the  phenomena  entitle  us  to  affirm,  that  had  the 
types  been  at  first  somewhat  distinct,  no  cross-breeds  would  ever  ham 
been  produced j  much  less  those  prolific  races  which  we  now  recognize  as 
distinct  species. 

In  regtiTd^  moreover,  to  the  permanent  propagation  of  hybrid  races 
among  animals,  insuperable  difficulties  present  themselves,  when  we 
endeavor  to  conceive  the  blending  together  of  the  different  instincts  and 
propensities  of  two  species,  so  as  to  insure  the  preservation  of  the  inter- 
mediate race.  The  common  mule,  when  obtained  by  human  art,  may 
be  protected  by  the  power  of  man;  but,  in  a  wild  state,  it  would  not 
have  precisely  the  same  wants  either  as  the  horse  or  the  ass;  and  if 
in  consequence  of  some  difference  of  this  kind,  it  strayed  from  the  herd, 
it  would  soon  be  hunted  down  by  beasts  of  prey,  and  destroyed. 

if  we  take  some  genus  of  insects,  such  as  the  bee,  we  find  that  each 
of  the  numerous  species  has  some  difference  in  its  habits,  its  mode  of 
collecting  honey,  or  constructing  its  dwelling,  or  providing  for  its  young, 
and  other  particulars.  In  the  case  of  the  common  hive  bee,  the  workers 
are  described,  by  Eirby  and  Spence,  as  being  endowed  with  no  less 
than  thirty  distinct  instincts.f  So  also  we  find  that,  amongst  a  most 
numerous  class  of  spiders,  there  are  nearly  as  many  different  modes  of 
spinning  their  webs  as  there  are  species.  When  we  recollect  how  com- 
(Seated  are  the  relations  of  these  instincts  with  co-existing  species,  both 

*  Easat  EHfoienture^  Ae,,  8me  partie. 
t  latr.  to  Eatom.  vol  ii  p.  604  ed.  ISlt 
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of  the  animal  and  VBgetable  kingdoms,  it  is  Bcarcoly  possible  to  imagine 
that  a  bastard  race  could  spring  from  the  union  of  two  of  these  species, 
and  retain  just  so  much  of  the  qualities  of  each  parent  stock  as  to  pre- 
senre  its  ground  in  spite  of  the  dangers  which  surround  it 

We  might  also  ask,  if  a  few  generic  types  alone  have  been  created 
among  insects,  and  the  intermediate  species  have  proceeded  from 
hybridity,  where  are  those  original  types,  combining,  as  they  ought  to 
do,  the  elements  of  all  the  instincts  which  have  made  their  appearance 
in  the  numerous  derivative  races!  So  also  in  regard  to  animals  of  all 
classes,  and  of  plants ;  if  species  are  in  general  of  hybrid  origin,  where 
are  the  stocks  which  combine  in  themselves  the  habits,  properties,  and 
organs,  of  which  all  liie  intervening  species  ought  to  afford  us  mere 
modifications  f 

Recapitulation  cf  the  arguments  from  hybrids, — ^I  shall  now  conclude 
this  subject  by  summing  up,  in  a  few  words,  the  results  to  which  I  have 
been  led  by  the  consideration  of  the  phenomena  of  hybrids.  It  appears 
that  the  aversion  of  individuals  of  distinct  species  to  the  sexual  union  is 
common  to  animals  and  plants ;  and  that  it  is  only  when  the  species 
approach  near  to  each  other  in  their  organization  and  habits,  that  any 
offspring  are  produced  from  their  connexion.  Mules  are  of  extremely 
rare  occurrence  in  a  state  of  nature,  and  no  examples  are  yet  known  of 
tiieir  having  procreated  in  a  wild  state.  But  it  has  been  proved,  that 
hybrids  are  not  universally  sterile,  provided  the  parent  stocks  have  a 
near  affinity  to  each  other,  although  the  continuation  of  the  mixed 
race,  for  several  generations,  appears  hitherto  to  have  been  obtained 
only  b}-  crossing  the  hybrids  with  individuals  of  pure  species ;  an 
experiment  which  by  no  means  bears  out  the  hypothesis  that  a  true 
hybrid  race  could  ever  be  permanently  established. 

Hence  we  may  infer,  that  aversion  to  sexual  intercourse  is,  in  gene- 
ral, a  good  test  of  the  distinctness  of  original  stocks,  or  of  species  ;  and 
the  procreation  of  hybrids  is  a  proof  of  the  near  affinity  of  species.  Per- 
haps, hereafter,  the  number  of  generations  for  which  hybrids  may  be 
continued,  before  the  race  dies  out  (ibr  it  seems  usually  to  degenerate 
rapidly),  may  afford  the  zoologist  and  botanist  an  experimental  test  of 
the  difference  in  the  degree  of  affinity  of  allied  species. 

I  may  also  remark,  that  if  it  could  hare  been  shown  that  a  single 
permanent  species  had  ever  been  produced  by  hybridity  (of  which  there 
is  no  satisfactory  proof),  it  might  certainly  have  lent  some  countenance 
to  the  notions  of  the  ancients  respecting  the  gradual  deterioration  of 
created  things,  but  none  whatever  to  Lamarck's  theory  of  their  progres- 
uve  perfectibility,  for  observations  have  hitherto  shown  that  there  is  a 
tendency  in  mule  animals  and  plants  to  degenerate  in  organization. 

It  was  before  remarked,  that  the  theory  of  progressive  development 
arose  partly  from  an  attempt  to  ingraft  the  doctrines  of  the  transmuta- 
tionists  upon  one  of  the  most  popular  generalizations  in  geology.  But  we 
have  seen  in  the  ninth  chapter,  that  the  modem  researches  of  geologista 
have  broken  at  many  points  the  chain  of  evidence  once  supposed  to  ex- 
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lit  in  &VOC  of  tli«  doetriae,  that,  at  each  snooeanre  penod  in  the  enO/k 
histoiy,  animali  and  planta  of  a  higher  gcade»  or  more  complex  Ofgan* 
ixation,  have  been  created.  The  recent  or^;in  of  man,  and  the  ahaenee 
of  all  signs  of  any  rational  beii^  holding  an  anakgeiis  relation  t«  for- 
mer states  of  the  animate  world,  affinda  one,  and  perhaps  in  the  present 
state  of  science  the  only  argument  of  nrach  weight  in  support  of  the 
hypothesis  of  a  progressiye  scheme ;  bnt  none  whatever  in  fisTor  of  the 
£Euicied  evolution  of  one  qtedes  out  of  another. 

Theory  of  ih$:  gradation  of  inUUeet  a§  $hown  hy  ike  facial  angle^ — 
When  the  celebrated  anatomist^  Camper,  first  attempted  to  ertJinate  the 
degrees  of  sagacity  of  different  animals,  and  of  the  races  of  man,  by  the 
measurement  of  the  facial  angle,  some  apecnlat«m  were  bold  enoog^  to 
a£Snn  that  certain  Simise,  or  apes,  differed  as  little  from  the  mete 
savage  races  of  men,  as  those  do  from  the  human  race  in  general ;  and 
that  a  scale  might  be  traced  from  '^apea  with  foK(heads  villanoos  low^ 
to  the  African  variety  of  the  human  species,  and  from  that  to  the  Emo* 
pean.  The  facial  angle  was  meteured  by  drawing  a  line  from  the  pro- 
minent centre  of  the  forehead  to  the  most  advanced  part  of  the  lower 
jaw-boQe,  and  observing  the  angle  which  it  made  with  the  horiaontal 
Hne;  and  it  was  affirmed,  thatthere  was  a  regular  series  of  each  an^ 
from  birds  to  the  mammalia. 

The  gradation  from  the  dog  to  the  monkey  was  said  to  be  perliaet, 
and  from  that  again  to  man.  One  of  the  ape  tribe  has  a  fruaal  angle  of 
42^ ;  and  another,  which  approximated  nearest  to  man  in  figore^  aa 
angle  of  50^.  To  this  succeeds  (longo  sed  pioximus  intervaUo)  the 
head  of  the  African  negro,  which|  as  well  aa  that  of  the  Calmnck^ 
forms  an  angle  of  70° ;  while  that  of  the  Europeait  contains  80^  The 
Roman  painters  preferred  the  angle  of  96° ;  and  the  character  of  beauty 
and  suUimity  so  striking  in  some  works  of  Giecian  sculpture,  aa  in  the 
head  of  the  Apollo,  and  in  the  Medusa  of  Sisocles^  is  given  by  an  aqgie 
which  amounts  to  100°.* 

A  great  number  of  valuable  fruits  and  curious  analogies  in  compsra> 
tive  anatomy  were  brought  to  light  during  the  investigatiotis  which 
were  made  by  Camper,  J<^  Hunter,  and  others,  to  illustrate  this  scale 
of  organization ;  and  their  facts  and  generalizations  mast  not  be  con- 
founded with  the  *fisnciful  systems  which  White  and  others  deduced 
from  them.f 

That  there  is  some  connexion  between  an  elevated  and  capacious 
forehead,  in  certain  races  of  men,  and  a  laige  developement  of  the  intd- 
lectual  faculties,  seems  highly  probable ;  and  that  a  low  &cial  an^e  is 
frequently  accompanied  with  inferiority  of  mental  powers,  is  certain ; 
but  the  attempt  to  trace  a  gradual  scale  of  iotelligMice  through  the  di&r 
ent  species  bf  animals  accompanying  the  modificationa  of  the  form  of  the 
scttU,  is  a  mere  visionary  speculation.    It  has  been  found  neoeasaiy  to 

*  Prichai4's  ¥hn.  Hist  of  Mankind,  vol  I  p  169. 
t  Oh.  Whits  on  the  fisgoJar  Gradation  in  Man,  Ao.  17991 
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exaggerate  the  Bagacitv  of  the  ape  tribe  at  the  expense  of  the.dog ;  and 
ttnmge  contradictions  have  arisen  in  the  conclusions  deduced  from  the 
structure  of  the  elephant ;  some  anatomists  being  disposed  to  deny  the 
quadruped  the  intelligence  which  he^  really  possesses,  because  they 
found  Uiat  the  volume  of  his  brain  was  small  in  comparison  to  that  of 
the  other  mammalia ;  while  others  were  inclined  to  magnify  extrava- 
gantly the  superiority  of  his  intellect,  because  the  vertical  height  of  his 
skull  is  so  great  when  compared  to  its  horizontal  length 

Different  races  of  men  are  all  of  one  species,— It  would  be  irrelevant 
to  our  subject  if  we  were  to  enter  into  a  further  discussion  on  these 
topics ;  because,  even  if  a  graduated  scale  of  organization  and  intelligence 
could  have  been  established,  it  would  prove  nothing  in  favor  of  a  ten- 
dency, in  each  species,  to  attain  a  higher  state  of  perfection.  I  may 
refer  the  reader  to  the  writings  of  Blumenbach,  Prichard,  Lawrence,  and 
more  recently  Latham*,  for  convincing  proofs  that  the  varieties  of  form, 
color,  and  organization  of  different  races  of  men,  are  perfectly  consistent 
with  the  generally  received  opinion,  that  all  the  individuals  of  the  species 
have  originated  from  a  smgle  pair;  and,  while  they  exhibit  in  man  as 
many  diversities  of  a  physiological  nature  as  appear  in  any  other  species, 
they  confirm  also  the  opinion  of  the  slight  deviation  from  a  conmion 
standard  of  which  species  are  capable. 

The  power  of  existing  and  multiplying  in  every  latitude,  and  in  every 
variety  of  situation  and  dimate,  which  has  enabled  the  great  human 
family  to  extend  itself  over  the  habitable  globe,  is  partly,  says  Lawrence, 
the  result  of  physical  constitution,  and  partly  of  the  mentad  prerogative 
of  man.  If  he  did  not  possess  the  most  enduring  and  flexible  corporeal 
frame,  his  arts  would  not  enable  him  to  be  the  inhabitant  of  all  climates, 
and  to  brave  the  extremes  of  heat  and  cold,  and  the  other  destructive 
influences  of  local  ffltuation.f  Yet,  notwithstanding  this  flexibility  of 
bodily  frame,  we  find  no  signs  of  indefinite  departure  from  a  common 
standard,  and  the  intermarriages  of  individuals  of  the  most  remote 
varieties  are  not  less  fruitful  than  between  those  of  the  same  tribe. 

Tiedemann  on  the  brain  of  the  fostus  in  vertebrated  animals. — ^There 
is  yet  another  department  of  anatomical  discovery  to  which  I  must 
allude,  because  it  has  appeared  to  some  persons  to  afford  a  distant  ana- 
logy, at  least,  t:  that  progressive  development  by  which  some  of  the 
inferior  species  may  have  been  gradually  perfected  into  those  of  more 
complex  organization.  Tiedemann  found,  and  his  discoveries  have  been 
most  frdly  confirmed  and  elucidated  by  M.  Seires,  that  the  brain  of  the 
foetus,  in  the  highest  class  of  vertebrated  animals,  assumes,  in  succession,, 
forms,  bearing  a  certain  degree  of  resemblance  to  those  which  belong  to> 
fishes,  reptiles,  and  birds,  before  it  acquires  the  additions  and  modifica- 
tions which  are  peculiar  to  the  manmiiferous  tribe ;  so  that,  in  the  passage 
from  the  embryo  to  the  perfect  mammifer,  there  is  a  typical  representar 

•  R,  G.  Latham,  The  Nat  Hiat  of  the  Varieti«t  of  Man,  8vo.  Londoa,  186a 
t  Lawrence,  Lectures  on  Phys.  ZooL  andNat  Hiat  of  Man,  p.  190.    Bo-  i»3» 
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tion,  it  18  said,  of  all  those  translbmiatioiis  which  the  primitiTe  Bpedtti 
are  aoppoeed  to  have  undeigone,  during  a  loDg  aeries  of  geii6niJtioii% 
between  the  present  period  and  the  remotest  geological  era. 

'^If  you  examine  the  brain  of  the  mammalia^"  says  M«  Serres^  '^ataa 
early  stage  of  uterine  life,  you  perceive  the  cerebral  hemispheres  conaoJi- 
datedf  as  in  fish,  in  two  yesides,  isolated  one  fixun  the  other ;  at  a  later 
period,  you  see  them  afiect  the  configuration  of  the  cerebral  hemispheieB 
of  reptiles;  still  later  again,  they  present  you  with  the  forms  of  those  of 
birds ;  finally  they  acquire,  at  the  era  of  birth,  and  sometimes  later,  the 
permanent  forms  which  the  adult  mammalia  present.. 

^  The  cerebral  hemispheres,  then,  arrive  at  the  state  which  we  obs^^re 
in  the  higher  animals  only  by  a  series  of  successive  metamorphoses.  If 
we  reduce  the  whole  of  these  evolutions  to  four  periods,  we  shall  see, 
that  in  the  first  are  bom  the  cerebral  lobes  of  fishes ;  and  this  takes  jdaoe 
homog^eously  in  all  daases.  The  second  period  will  ^ve  us  the  oiga- 
nization  of  reptiles ;  the  third,  the  brain  of  birds ;  and  the  fouxtibi,  the 
complex  hemispheres  of  mamwwlia. 

"  If  we  could  develope  the  different  parts  of  the  brain  of  the  inferior 
classes,  we  should  make,  in  succession,  a  reptile  out  of  a  fish,  a  bird  out 
of  a  reptile,  and  a  mammiferous  quadruped  out  of  a  bird.  I^  <mi  the 
contrary,  we  could  starve  this  oigan  in  the  mammalia,  we  might  redooa 
it  successively  to  the  condition  of  the  brain  of  the  three  inferior  classes. 

^  Nature  often  presents  us  with  this  last  phenomenon  in  moDsteia,  but 
never  exhibits  the  first  Among  the  various  deformities  which  oiganiaed 
beings  may  experience,  they  never  pass  the  limits  of  their  own  classes  to 
put  on  the  forms  of  the  class  above  them.  Never  does  a  fish  elevate 
itself  so  as  to  assume  the  form  of  the  bndn  of  a  reptile ;  nor  does  the 
latter  ever  attain  that  of  birds ;  nor  the  bird  that  of  the  mammifer.  It 
may  happen  that  a  monster  may  have  two  heads ;  but  the  conformatioa 
of  the  brain  always  remains  circumscribed  narrowly  within  the  limits  <d 
its  class."*    . 

Dr.  Clark  of  Cambridge,  in  a  memoir  on  ^  Foetal  Devel<^men1^  (1845), 
has  shown  that  the  concurrent  labours  of  Valentin,  Ratk^,  and  Bisdkoff 
disprove  the  reality  of  the  supposed  anatomical  analogy  between  the 
embryo  condition  of  certain  organs  in  the  higher  orders,  and  the  perfect 
structure  of  the  same  organs  in  animalB  of  an  inferior  dass.  The  hearts 
and  brains,  for  example,  of  birds  and  mammals  do  not  pass  through 
forms  which  are  permanent  in  fishes  and  reptiles ;  there  is  only  just  so 
much  resemblance  as  may  point  to  a  unity  of  plan  running  through  the 
organization  of  the  whole  series  of  vertebmted  animals ;  but  whidi  lends 
no  support  whatever  to  the  notion  of  a  gradual  transmutation  of  one 
species  into  another ;  least  of  all  of  ihe  passage,  in  the  course  of  many 
generations,  from  an  animal  of  a  more  simple  to  one  of  a  more  o(»nplex 
structure. 


*  R  R.  A.  8erres»  Anatomie  oomporde  du  Cerveati,  iUnstrated  ^  aumerova 
plateau  tome  i  1824.  r-  -.  j  «v«» 
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Recapitulation, — ^For  the  reasons,  tbeiefoie,  detailed  'in  thk  and 
the  two  preceding  chapters,  we  may  draw  the  following  inferences  in 
regard  to  the  reality  of  spedes  in  nature : — 

Ist  That  there  is  a  capacity  in  all  species  to  accommodate  themsdves, 
to  a  certain  extent,  to  a  change  of  external  circumstances,  this  extent 
raiying  greieitly,  according  to  the  species. 

2ndly.  When  the  change  of  situation  which  they  can  endure  is  great, 
it  is  usually  attended  by  some  modifications  of  tihe  form,  colour,  size, 
structure,  or  other  particulars ;  but  the  mutations  thus  superinduced  are 
gOTwned  by  constant  laws,  and  the  capability  of  so  yar^ing^  forms  part 
of  the  pemnanent  specific  diaracter. 

3dly.  Some  acquired  peculiarities,  of  form,  structure,  and  instinct,  are 
transmissible  to  the  offipring ;  but  these  consist  of  such  qualities  and 
attributes  only  as  are  intimately  related  to  the  natural  wants  and  propen- 
sities of  the  species. 

4thly.  The  entire  variation  from  the  original  type,  which  any  given 
kind  of  change  can  produce,  may  usually  be  effected  in  a  brief  period  of 
time,  after  which  no  farther  deviation  can  be  obtained  by  continuing  to 
alter  the  circumstances^  though  ever  so  gradually ;  indefinite  divergence, 
either  in  the  way  of  improvement  or  deterioration,  being  prevented,  and 
the  least  possible  excess  beyond  the  defined  limits  being  ^tal  to  the  ex- 
istence of  the  individual 

5thly.  The'  intermixture  of  distinct  species  is  guarded  against  by  the 
aversion  of  the  individuals  composing  Uiem  to  sexual  union,  or  by  the 
sterility  of  the  mule  offiprii^*  It  does  not  appear  that  true  hybrid  races 
have  ever  been  perpetuated  for  several  generations,  even  by  the  assistance 
of  man;  for  the  cases  usually  cited  relate  to  the  crossmg  of  mules  with 
individuak  of  pure  specif  and  not  to  the  intermixture  of  hybrid  with 
hybrid. 

6thly,  From  the  above  considerations,  it  appears  that  spedes  have  a 
real  existence  in  nature ;  and  that  each  was  endowed^  at  the  time  of  its 
creation,  with  the- attributes  and  organization  by  which  it  is  now  distin;- 
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Analogy  of  climate  not  attended  with  identity  of  species— Botanieal  geography 
— Stations — ^Habitationa — ^Distinct  proTinces  of  indigenous  plaat»«>Yegcta- 
tion  of  ialanda — Marine  Tegetation — ^In  irhat  manner  plants  become  diffused 
— ^Effects  of  wind,  riyen^  marine  ciuTents — ^Agency  of  animals— Many  seeds 
paas  through  the  stomachs  of  animals  and  birds  ondigeeted — Agency  of  man 
in  the  dispersion  of  planta^  both  Yolontary  and  inyolontazy — Its  analogy  to 
that  of  the  inferior  animals. 

Next  to  detennining  the  question  whether  species  faaye  a  real  ezistenoe, 
the  connderatioii  of  the  laws  which  regulate  Uieir  gec^raphical  distnbu- 
tion  is  a  subject  of  primary  importance  to  the  geologist '  It  is  only  by 
studying  these  laws  with  attention,  by  observing  the  positioiis  whidi 
groups  of  species  occupy  at  present,  and  inquiring  how  these  may  be 
vaned  in  the  course  of  time  by  migrations,  by  changes  in  physical  geo- 
graphy, and  other  causes,  that  we  can  hope  to  learn  whether  the  duiatioii 
of  species  be  limited,  or  in  what  manner  the  state  of  the  animate  woild 
is  affected  by  the  endless  vicissitudes  of  the  inanimate. 

Different  regions  inhabited  by  distinct  species. — ^That  different  regions 
of  the  globe  are  inhabited  by  entirely  distinct  animals  and  plants,  is  a 
fact  which  has  been  &miliar  to  all  naturalists  since  Buffon  first  pointed 
out  the  want  of  specific  identity  between  the  land  quadrupeds  of  America 
and  those  of  the  Old  World  The  same  phenomenon  has,  in  later  times, 
been  forced  in  a  striking  manner  upon  our  attention,  by  the  examinatioa 
of  New  Holland,  where  the  indigenous  species  of  animals  and  plants  were 
found  to  be,  almost  without  exception,  distinct  from  those  known  in  other 
parts  of  the  world. 

But  the  extent  of  this  parcelling  out  of  the  globe  amongst  differoit 
nations^  as  they  have  been  termed,  of  plants  and  animals — ^the  universality 
of  a  phenomenon  so  extraordinary  and  unexpected,  may  be  oonsdered  as 
one  of  the  most  interesting  foots  dearly  established  by  the  advance  of 
modem  science. 

Scarcely  fourteen  hundred  species  of  plants  appear  to  hare  been  known 
and  described  by  the  Greeks,  Romans,  and  Arabians.  At  present,  mote 
than  three  thousand  species  are  enumerated,  as  natives  of  our  own  idand.* 
In  other  parts  of  the  world  there  have  been  now  collected  (1846)  upwards 
of  100,000  spedes,  specimens  of  which  are  preserved  in  European  her- 
bariums. It  was  not  to  be  supposed,  therefore,  that  the  andents  should 
have  acquired  any  correct  notions  respecting  what  may  be  called  the 
geography  of  plants,  although  the  influence  of  climate  on  the  character 
of  the  vegetation  could  hardly  have  escaped  their  observation. 

*  Barton's  Lectures  on  the  Geography  of  Planti»  p.  2.  1827. 
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Antecedently  to  investigation,  there  was  no  reason  for  presuming  that 
the  vegetable  productions,  growing  wild  in  the  eastern  hemisphere, 
should  be  unlike  those  of  the  western,  in  the  same  latitude ;  nor  that 
the  plants  of  the  Cape  dF  Good  Hope  should  be  unlike  those  of  the 
south  of  Europe ;  situations  where  the  climate  is  little  dissimilar.  The 
contrary  supposition  would  have  seemed  more  probable,  and  we  might 
have  anticipated  an  almost  perfect  identity  in  the  animals  and  plants 
which  inhabit  corresponding  parallels  of  latitude.  The  discovery,  there- 
fore, that  each  separate  region  of  the  globe,  both  of  the  land  and  water, 
is  occupied  by  distinct  groups  of  species,  and  that  most  of  the  excep- 
tions to  this  general  rule  may  be  referred  to  disseminating  causes  now  in 
operation,  is  eminently  calculated  to  excite  curiosity,  and  to  stimulate 
us  to  seek  some  hypothesis  respecting  the  first  introduction  of  species 
which  may  be  reconcileable  with  such  phenomena. 

Botanical  geography, — A  comparison  of  the  plants  of  different  regions 
of  the  globe  affords  results  more  to  be  depended  upon  in  the  present  state 
of  our  knowledge  than  those  relating  to  the  animal  kingdom,  because 
the  science  of  botany  is  more  advanced,  and  probably  comprehends  a 
great  proportion  of  the  total  number  of  the  vegetable  productions  of  the 
whole  earth.  Humboldt,  in  several  eloquent  passages  of  his  Personal 
Narrative,  was  among  the  first  to  promulgate  philosophical  views  on  this 
subject  Every  hemisphere,  says  this  traveller,  produces  plants  of  different 
species ;  and  it  is  not  by  the  diversity  of  climates  that  we  can  attempt 
to  explain  why  equinoctial  Africa  has  no  Laurinse,  and  the  New  World 
no  Heaths;  why  the  Calceolari»  are  found  only  in  thes  outhern  hemi- 
sphere ;  why  the  birds  of  the  continent  of  India  glow  with  colors  less 
i^endid  than  the  birds  of  the  hot  parts  of  America :  finally,  why  the 
tiger  is  peculiar  to  Asia,  and  the  omithorhynchus  to  New  Holland.* 

**  We  can  conceive,"  he  adds,  "  that  a  small  number  of  the  &milies  of 
plants,  for  instance,  the  Musaceas  and  the  Palms,  cannot  belong  to  very 
cold  regions,  on  account  of  their  internal  structure  and  the  importance  of 
certain  organs ;  but  we  cannot  explain  why  no  one  of  the  family  of 
Melastomas  vegetates  north  of  the  parallel  of  thirty  degrees ;  or  why  no 
rose-tree  belongs  to  the  southern  hemisphere.  Aoalogy  of  climates  is 
often  found  in  the  two  continents  without  identity  of  productions."! 

The  luminous  essay  of  De  Candolle  on  **  Botanical  C^eography"  pre- 
sents us  with  the  fruits  of  his  own  researches  and  those  of  Humboldt, 
Brown,  and  other  eminent  botanists,  so  arranged,  that  the  principal  phe- 
nomena of  the  distribution  of  plants  are  exhibited  in  connexion  with  the 
causes  to  which  they  are  chiefly  referrible.^  ^  It  might  not,  perhaps,  be 
difficult,"  observes  tiiis  writer,  **  to  find  two  points,  in  the  United  States 
and  in  Europe,  or  in  Equinoctial  America  and  Africa,  which  present 
all  the  same  circumstances :  as,  for  example,  the  same  temperature, 

•  Pe«,  Nar.,  voL  v.  p.  180. 

t  ^^^  1    ;i 

X  Eflflai  El^montaire  de  G^ographie  Botanique.    Extrait  du  18me  voL  dv 

Diet  dee  ScL  Nat 


614  STATIONS  AND  HABITATIONS  OP  PLANTS.      [GilXXXVU. 

the  same  height  above  ihe  sefty  a  fflmflar  aoil,  an  equal  dose  of 
humidity ;  yet  nearly  all,  perhaps  aU,  the  plants  in  these  two  simiiar 
localities  shall  be  distinct.  A  certain  degree  of  analogy,  indeed,  of 
aspect,  and  even  of  structure,  might  very  possibly  be  discoverable  between 
the  plants  <^  the  two  localities  in  question ;  but  the  species  would  in 
general  be  different  Circumstances,  therefore,  different  frem  those  which, 
now  determine  the  stations^  have  bad  an  influenoe  on  the  habUatians  of 
plants." 

Stations  and  habitatums  of  plants. — As  I  shall  fiequently  have  occa- 
sion to  speak  of  the  stations  and  habitaUons  of  plants  in  the  technical 
sense  in  which  the  terms  are  used  in  the  above  passage,  7  may  remind 
the  geologist  that  station  indicates  the  peculiar  nature  of  the  locality  where 
each  species  is  accustomed  to  grow,  and  has  reference  to  climate,  soil, 
humidity,  light,  elevation  above  the  sea,  and  other  analogous  ciieum- 
stances ;  whereas,  by  habitation  is  meant  a  general  indication  of  the 
country  where  a  plant  grows  wild.  Thus  the  station  of  a  plant  may  be  a 
saltrmarsh,  a  hill-side,  the  bed  of  the  sea,  or  a  8tagnant«pooL  Its  habitor 
tion  may  be  Eun^  North  America,  or  New  Holland,  between  the 
tropics.  The  study  of  stations  has  been  styled  the  topography,  that  of 
habitations  the  geography,  of  botany.  The  terms  thus  defined,  express 
each  a  distinct  class  of  ideas,  which  have  been  often  confounded  tog^er, 
and  which  are  equally  applicable  in  zoology. 

In  farther  illustration  of  the  principle  above  alluded  to,  that  difference 
of  lon^tude,  independently  of  any  influence  of  temperature,  is  accompa- 
nied by  a  great,  and  sometimes  a  complete,  diversity  in  the  species  of 
plants,  De  Candolle  observes,  that,  out  of  2891  species  of  phaenogamous 
plants  described  by  Pursh,  in  the  United  States,  there  are  only  385  whidi 
ore  found  in  northern  or  temperate  Europe.  MM.  Humboldt  and  Boo- 
pland,  in  all  their  travels  through  equinoctial  America,  found  only  twenty- 
four  species  (these  being  all  Oyperacese  and  Graminese)  common  to  Ame- 
rica and  any  part  of  the  Old  World.  They  collected,  it  is  true,  chiefly 
on  the  mountains,  or  the  proportion  would  have  been  larger;  for  Dr.  J. 
Hooker  informs  me  that  many  tropical  plants  of  the  New  W<ffld  are 
identical  with  AMcan  species.  Nevertheless,  the  general  discorduice  of 
these  Floras  is  very  striUng.  On  comparing  New  Holland  with  Europe, 
Mr.  Brown  ascertained  that,  out  of  4100  species,  discovered  in  Australia, 
there  were  only  166  common  to  Europe,  and  of  this  small  number  there 
were  some  few  which  may  have  been  transported  thither  by  man.  Al- 
most all  of  the  166  species  were  cryptogamic,  and  the  rest  consist,  in 
nearly  every  case,  of  phaenogamous  plants  which  also  inhabit  intervening 
regions. 

But  what  is  still  more  remarkable,  in  the  more  widely  separated  parts 
of  the  ancient  continent,  notwithstanding  the  existence  of  an  uninter- 
rupted land-communication,  the  diversity  in  the  specific  character  of  the 
respective  vegetations  is  almost  as  striking.  Thus  there  is  fovaad  one 
assemblage  of  species  in  China,  another  in  the  countries  bordering  the 
Black  Sea  and  the  Caspian,  a  third  in  those  surrounding  the  Mediteira- 
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nean,  a  fourth  in  the  great  platforms  of  Siberia  and  Tartary,  and  ao 
finrth. 

The  distinetnen  of  the  groups  of  indigenous  plants,  in  the  same  parallel 
of  latitude,  is  greatest  where  continents  are  disjoined  by  a  wide  expanse 
of  ocean.  In  the  northern  hemisphere,  near  the  pole,  where  the  extremi- 
ties  of  £uTope,ttAfiia,  and  America  unite  or  approach  near  to  one  another, 
a  coDfiiderable  number  of  the  same  species  of  plants  are  found,  common 
to  the  three  continents.  But  it  has  been  remarked,  that  these  plants, 
which  are  thus  so  widely  diffused  in  the  arctic  regions,  are  also  found  in 
the  cbam  of  the  Aleutian  islands,  which  stretch  almost  aciv^ss  from  Ame- 
rica to  Asia,  and  which  may  probably  have  served  as  the  channel  of  com- 
munication for  the  partial  blending  of  the  Floras  of  the  adjoining  regions. 
It  haS)  indeed,  been  observed  to  be  a  general  rule,  that  plants  found  at 
two  points  very  remote  firom  each  other  occur  also  in  places  intermediate. 

Dr.  J.  Hooker  informs  me  that  in  high  latitudes  in  the  southern  ocean^ 
in  spite  of  the  great  extent  of  the  sea,  Floras  of  widely  disconnected  islands 
contain  many  species  in  common.  Perhaps  icebergs,  transporting  to  vast 
distances  not  only  stones,  but  soil  with  the  seeds  of  plants,  may  explain 
this  unusually  wide  diffusion  of  insular  plants. 

In  islands  very  distant  from  continents  the  total  number  of  plants  is 
comparatively  small ;  but  a  large  proportion  of  the  species  are  such  hs 
occur  nowhere  else.  In  so  fiir'as  the  Flora  of  such  islands  is  not  peculiar 
to  them,  it  contains,  in  general,  species  common  to  the  nearest  main 
lands.*  The  islands  of  the  great  southern  ocean  exemplify  these  rules ; 
the  easternmost  containing  more  American,  and  the  western  more  Indian 
plant&f  Madeira  and  Teneriffe  contain  many  species,  and  even  entire 
genera,  peculiar  to  them ;  but  they  have  also  plants  in  common  with 
Portugal,  Spain,  the  Azores,  and  the  north-west  coast  of  Africa.^ 

In  the  Canaries,  out  of  633  species  of  phaenogamous  plants,  it  is  said 
that '3 10  are  peculiar  to  these  islands,  and  the  rest  identical  with  those 
of  the  African  continent;  but  in  the  Flora  of  St.  Helena,  which  is  so  fa: 
distant  even  from  the  western  shores  of  Africa,  there  have  been  found, 
out  of  thirty  native  species  of  the  ph^nc^amous  class,  only  one  or  two 
which  are  to  be  found  in  any  other  part  of  the  globe.  On  the  other 
hand,  of  sixty  cryptogamic  plants,  collected  by  Dr.  J.  Hooker  in  the  same 
island,  twelve  only  were  peculiar. 

The  natural  hietoiy  of  the  Galapagos  archipelago,  described  by  Mr. 
Darwin,  affords  another  very  instructive  illustration  of  iho  laws  governing 
the  geographical  distribution  of  plants  and  animals  in  islands.  This 
group  consists  often  principal  islands,  situated  in  the  Pacific  Ocean,  under 
the  equator,  about  600  miles  westward  of  the  coast  of  South  America. 
As  they  are  all  formed  of  volcanic  rocks,  many  of  the  craters,  of  which 
there  are  about  2000  in  number,  having  a  very  fresh  aspect,  we  may 

*  Priohard,  yoL  i.  p.  86.    Brown,  Appendix  to  FlinderB. 
f  Foster,  ObMrvations,  <fco.  .  ,     j  uv      tk-l 

t  Hmnboldt»  Pen.  Nar.,  voL  L  p.  270  of  the  tranaUtion.  Pnchard,  Pbys.  Higt 
of  Mankind,  yoL  l  p.  87. 


6l6  DISTINCT  BOTANICAL  BE6I0N8.  [G&XXXVH, 

K^rd  the  whole  as  much  more  modem  in  origin  than  the  mass  of  the 
adjoining  continent ;  yet  neither  has  the  Flora  nor  Fauna  been  deriyedfrom 
8outh  ^Vmerica,  but  consist  of  species  for  the  most  part  indigenous^  yet 
stamped  with  a  character  decidedly  South  American. 

"Wliat  is  still  more  singular,  there  is  a  difference  between  the  species 
inhabiting  the  different  islands.  Of  flowering  plants,  fo^example,  there 
ate  185  species  at  present  known,  and  forty  cryptogamic,  making  together 
225.  One  hundred  of  the  foimer  class  are  new  species,  probably  cc»fined 
to  this  archipelago ;  and  of  the  rest,  ten  at  least  have  been  introduced  by 
man.  Of  twenty-one  species  of  Ccmposita^  all  but  one  are  peculiar,  and 
they  belong  to  twelve  genera,  no  less  than  ten  of  which  genera  are  oan- 
fin^  to  the  Galapagos.  Dr.  Hooker  observes,  that  the  type  of  this  Flora 
has  an  undoubted  relation  to  that  of  the  western  side  of  South  America, 
and  he  detects  in  it  no  affinity  with  that  of  the  numerous  islands  scatter- 
ed over  otlier  parts  of  the  Pacific.  So  in  r^;aid  to  the  birds,  reptileB, 
land-shells,  and  insects,  this  archipelago,  standing  as  it  does  in  the  Pacific 
Ocean,  is  zoologically  part  of  America.  Although  each  small  island  is 
not  more  than  fifty  or  sixty  miles  apart,  and  most  of  them  are  in  sight  of 
each  other,  formed  of  precisely  the  same  rocks,  rising  nearly  to  an  equal 
height,  and  placed  under  a  similar  climate,  they  are  tenanted  each  by  a 
different  set  of  beings,  the  tortoises,  mocking-thrushes,  finches^  beetles, 
scarcely  any  of  them  ever  ranging  over*the  whole,  and  often  not  even 
common  to  any  two  of  the  islands. 

^  The  archipelago,"  says  Mr.  Darwin,  "  is  a  little  world  within  itself  or 
rather  a  satellite  attached  to  America ;  whence  it  has  derived  a  few  stray 
colonists,  and  has  received  the  general  character  of  its  indigenous  pro- 
ductions. One  is  astonished,"  he  adds,  *^  at  the  amount  of  creative  force 
displayed  on  so  many  small,  barren,  and  rocky  islands,  and  still  more  so, 
at  its  diverse,  yet  analogous  action  on  points  so  near  each  otlier.  I  have 
said  that  the  Galapagos  archipelago  might  be  called  a  satellite  attadbed 
to  America,  but  it  should  rather  be  called  a  group  of  satellites  physically 
similar,  organically  distinct,  yet  intimately  related  to  each  other,  and  all 
related  in  a  marked,  though  much  lesser  degree,  to  the  great  American 
continent."* 

Number  of  botanical  provinces. — ^De  Candolle  has  enumerated  twenty 
great  botanical  provinces  inhabited  by  indigenous  or  abori^nal  pknts ; 
and  although  many  of  these  contain  a  variety  of  species  which  are  com- 
mon to  several  others,  and  sometimes  to  places  very  remote,  yet  the  lines 
of  demarcation  are,  upon  the  whole,  astonishingly  well  defined.f  Nor  is 
it  likely  that  the  bearing  of  the  evidence  on  which  these  general  views 
are  founded  will  ever  be  materially  affected,  since  they  are  already  con 
finned  by  the  examination  of  nearly  one  hundred  thousand  species  of 
plants. 

*  Voyage  of  the  Beagle,  Sd  edition,  1840»  p.  877. 

f  See  a  farther  anbdiTiBioii,  by  which  twen^-eeyen  provinoes  are  made^  try 
M.  Alph.  De  Candolle,  son  of  De  Candolle.  Honogr.  dee  Campanul^es.  Pari^ 
1880. 
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The  entire  change  of  opinion  which  the  contemplation  of  these  phe- 
nomena has  brought  about  is  worthy  of  remark.  The  fiist  trayellers  were 
peisuaded  that  they  should  find,  in  distant  regions,  the  plants  of  their  own 
country,  and  they  took  a  pleasure  in  giving  them  the  same  names.  It 
was  some  time  before  this  illusion  was  dissipated ;  but  so  fully  sensible  did 
botanists  at  ladl^beoome  of  the  extreme  smallness  of  the  number  of  phse- 
nogamous  plants  common  to  different  continents,  that  the  ancient  Floras 
fell  into  disrepute.  All  grew  diffident  of  the  pretended  identifications ; 
and  we  now  find  that  eveiy  naturalist  is  inclined  to  examine  each  supposed 
exception  with  scrupulous  severity.*  If  they  admit  ihe  fact,  ihej  begin 
to  speculate  on  the  mode  whereby  the  seeds  may  have  been  transported 
from  one  countiy  into  the  other,  or  enquire  on  which  of  two  continents 
the  plant  was  indigenous,  assuming  that  a  ispecies,  like  an  individual, 
cannot  have  two  birthplaces. 

Marine  vegetation. — ^The  marine  vegetation  is  divisible  into  different 
systems,  like  those  prevailing  on  the  land ;  but  they  are  much  fewer,  as 
we  might  have  expected,  the  temperature  of  the  ocean  being  more  uniform 
than  that  of  the  atmosphere,  and  consequently  the  dispersion  of  species 
from  one  zone  to  another  being  less  frequently  checked  by  the  interven- 
tion of  uncongenial  climates.  The  proportion  also  of  land  to  sea  through- 
out the  globe  being  small,  the  migration  of  marine  plants  is  not  so  often 
stopped  by  barriers  of  land,  as  is  that  of  the  terrestrial  species  by  the 
ocean.  Ilie  number  of  hydrophytes,  as  they  are  termed,  is  very  conside- 
rable, and  their  stations  are  found  to  be  infinitely  more  varied  than  could 
have  been  anticipated ;  for  while  some  plants  are  covered  and  uncovered 
daily  by  the  tide,  others  live  at  the  depth  of  several  hundred  feet.  Among 
ihQ  known  provinces  of  Algse,  we  may  mention,  1st,  The  north  cifwm- 
polar,  from  lat  60°  N.  to  the  pole ;  2dly,  The  North  Atlantic  o?  the 
r^on  of  Fucus  proper  and  Delesserise,  extending  from  lat  40°  N.  t  j  lat. 
60°  N. ;  3dly,  ITiat  of  the  Mediterranean,  which  may  be  regarded  as  a 
sub-region  of  the  fourth  or  warmer  temperate  zone  of  the  Atlantic,  between 
lat.  23°  N.  and  lat  40°  N. ;  5thly,  The  Tropical  Atlantic,  in  which  Sar- 
gassum,  Rhodomelia,  Gorallinea,  and  Siphonia  abound ;  6thly,  The  South 
Atlantic,  where  the  Fucus  reappears ;  '7thly,  The  Antarctic  American, 
comprehending  from  Chili  to  Cape  Horn,  the  Falkland  Islands,  and  thence 
round  the  world  south  of  latitude  60°  S. ;  8thly,  The  Australian  and  New 
Zealand,  which  is  very  peculiar,  being  characterized,  among  other  generic 
forms,  by  Cystoseiriae  and  Fuceae ;  9thly,  The  Indian  Ocean  and  Red  Sea; 
and,  lOthly,  The  Chinese  and  Japanese  8eas.f  In  addition  to  the  above 
provinces,  there  are  several  others  not  yet  well  determined  in  the  Pacific 
Ocean  and  elsewhere.  There  are,  however,  many  species  which  range 
through  several  of  these  geographical  regions  of  subaqueous  vegetation, 
being  common  to  very  remote  countries ;  as,  for  example,  to  the  coasts  of 

*  De  Candolle^  EBsai  El^men.  de  Q4og.  Botan.,  p.  46.  _     , 

1 1  am  indebted  for  the  above  akctch  of  distinct  regions  of  «lg»  to  ii^  mend 

Dr.  Joseph  Hooker,  who  refers  the  botanical  student  to  the  labors  of  Dr.  Hat^ 

vey,  of  Trinity  College,  Dublin. 
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lkm)pe  imd  the  Umled  States,  aiid  otheiBy  to  Gspe  Horn  and  Van  IH^ 
Land,  the  same  plants  extending  also  for  the  meet  part  to  the  Nerw  Ze»- 
hmd  fiea.  Of  the  species  strictly  antarctie  (excloding  the  New  Zeaknd 
and  Ttamanian  groups)  Dr.  Hodcer  has  identified  not  less  than  a  fifth  part 
of  the  whole  with  Britidi  Alg»I  Yet  is  there  a  much  smaller  pn^rartion 
of  cosmopolite  species  among  the  Algse  than,  among  the  tenestiial  oelkdar 
plants,  such  as  lichens,  mosses,  and  flepatice. 

It  must  always  be  borne  in  mind,  that  the  distmctaess  alluded  to  be- 
tween the  provinces,  whether  of  subaqueous  or  terrestrial  plants,  i^tes 
strictly  to  epeciee,  and  not  to  forms.  In  r^rd  to  the  numerical  pr^N»- 
deranoe  of  certain  forms,  and  many  pecnliaritiea  of  internal  stiuctme, 
there  is  usually  a  marked  agreement  in  the  v^table  prodnctioiia  c^  db- 
triets  placed  in  conespondiKiglatitudes,  and  under  similar  physicaL  oiicum- 
stances,  however  remote  their  position.  Thus  there  are  innumerable 
points  of  analogy  between  the  v^^etation  of  the  Brazils,  equinoctial  Afiica, 
and  India ;  and  there  are  also  points  of  diffisrence  wherein  the  plants  of 
these  regions  are  distinguishable  from  all  extra-tropical  groups.  But  there 
is  a  very  small  proportion  of  the  entire  number  of  spedes  common  to  the 
three  continents.  The  same  may  be  said,  if  we  compare  the  plants  of  the 
United  States  with  that  of  the  middle  of  Europe ;  the  species  are  distinct, 
but  the  forms  are  often  so  analogous,  as  to  have  been  styled  '^geognqphical 
representatives.**  There  are  very  few  yteciee  of  phaanogamous  jdanls^  says 
Dr.  J.  Hooker,  commcm  to  Van  Diemen's  Land,  New  Zealand,  and  Fnegia, 
but  a  great  many  genera,  and  some  of  them  are  confined  to  thcee  three 
distant  regions  of  the  southern  hemiq>here,  being  in  many  instances  each 
severally  represented  by  a  single  species.  The  same  naturalist  also 
observes  that  the  southern  temperate  as  well  as  the  antarctic  r^ons, 
poBsesB  each  of  them  representatives  of  some  of  the  genera  of  the  analogous 
climates  of  the  opposite  hemisphere ;  but  very  few  of  the  species  are  iden- 
tical unless  they  be  such  as  are  equally  difiiised  over  other  countries,  or 
which  inhabit  the  Andes,  by  the  aid  of  which  they  have  evidently  efifect^ 
their  passage  southwards. 

Manner  in  which  jdants  became  dijftised, — Winds, — Let  us  now  con- 
sider what  means  of  difiusion,  independently  of  ih^  agency  <^  man,  are 
possessed  by  plants,  whereby,  in  the  course  of  ages,  they  may  be  enaUed 
to  stray  froioa  one  of  the  botuiical  provinces  above  motioned  to  another, 
and  to  establish  new  colonies  at  a  great  distance  from  their  birth- 
place. 

The  principal  of  the  inanimate  agents  provided  by  nature  for  scattering 
the  seeds  of  plants  over  the  globe,  are  the  movements  of  the  atmosphere 
and  of  the  ocean,  and  the  constant  flow  of  water  from  the  mountains  to 
the  sea.  To  begin  with  the  winds :  a  great  number  of  seeds  are  furnished 
with  downy  and  feathery  appendages,  enabling  them,  when  ripe,  to  float 
in  the  air,  and  to  be  wafted  easily  to  great  distances  by  the  most  gentle 
breeze.  Other  plants  are  fitted  for  dispersion  by  means  of  an  attached 
vring,  as  in  the  case  of  the  fir  tree,  so  that  they  are  caught  up  by  the  wind 
as  they  fell  from  the  cone,  and  are  carried  to  a  distance.    Amongst  the 
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compamtiTely  smidl  nmaber  of  plants  known  to  lAsamoaf  no  l^sa  than  18$ 
genera  are  eniuDienited  as  having  winged  seeds, 

As  windi  ofteii  preyail  for  days,  weeikB,  or  even  months  togethOT,  in  the 
Bttne  diieotion)  these  means  of  transportation  may  KHnetimes  be  without 
Ihnits ;  and  even  the  heavi^  gndns  may  be  borne  through  considerable 
spaces,  in  a  vei^  short  time^  duiing  on^aaiy  tempests ;  for  strong  gales^ 
which  can  sweep  along  grains  of  sand,  often  move  at  the  rate  of  about 
foity  milea  alt  hour,  and  if  the  storm  be  very  viol^t^  at  the  rale  of  fifty- 
six  miles**  The  hurricanes  of  tropical  regions^  which  root  up  trees  and 
throw  down  buildings,  sweep  along  at  the  rate  of  ninety  miles  an  hour ; 
so  that,  for  hoiwever  short  a  time  they  prevail,  they  may  carry  even  the 
heavier  fruits  ahd  seeds  over  friths  and  seas  of  considerable  width,  and 
doubtless  are  often  the  means  of  introducing  into  isknds  the  vegetation 
of  adjoining  continentB.  Whirlwinds  are  also  instaramental  in  bearing 
along  heavy  vegetable  substances  tu  considerable  distances.  Slight  ones 
may  frequently  be  observed  in  our  fields,  in  summer  carrying  up  haycocks 
into  the  air,. and  then  letting  fall  small  tufts  of  hay  &r  and  wide  over 
the  country ;  but  they  are  sometimes  so  powerftd  as  to  dry  up  lakes  and 
ponds,  and  t6  break  off  the  boughs  of  trees,  and  carry  them  up  in  a 
whirling  column  of  air. 

Franklin  tells  us,  in  one  of  his  letters,  that  he  saw,  in  Maryland,  a 
whirlwind  which  began  hj  taking  up  the  dust  which  lay  in  the  road,  in 
the  foim  of  a  sugar  loaf  with  the  pointed  end  downwards,  and  soon  after 
grew  to  the  height  of  forty  or  fifty  feet,  being  twenty  or  thirty  in  diame- 
ter. It  advanced  in  a  direction  oontrary  to  the  wind ;  and  although  the 
rotary  motion  of  the  column  was  surprisingly  rapid,  its  onward  progress 
was  snfficieniiy  slow  to  allow  a  nu»  to  keep  pace  with  it  on  foot.  Frank- 
lin followed  it  on  honebaek,  accompanied  by  his  son,  for  three  quarters 
of-  a  mile,  and  saw  it  enter  a  wood^  where  it  twisted  and  turned  round 
large  trees  with  surprising  force.  These  were  carried  up  in  a  spiral  Une» 
and  were  seen  flying  in  the  air,  together  with  boughs  and.  innumerable 
leaves,  which^  from  their  height,  appeared  reduced  to  the  apparent  size 
of  ffies.  As  this  cause  operates  at  different  intervals  of -time  throughout 
a  great  portion  of  the  earths  sur&ce,  it  may  be  the  means  of  bearing  not 
only  plants  but  insects,  land  testaoea  and  their  eggs,  with  many  other  spe- 
cies of  animals  to  pomts  which  they  could  never  otherwise  have  reached, 
and  from  which  they  may  then  begin  to  propagate  themsehres  again  as 
from  a  new  centre. 

DixtribuUon  cf  cryptogamotu  planU* — ^It  has  been  found  that  a  great 
numerical  proportion  of  the  exceptions  to  the  limitation  of  species  to 
certain  quarters  of  the  globe  occur  in  the  various  tribes  of  cryptogamio 
plants  linnsus  observed  that,  as  the  germs  of  plants  of  this  class,  such 
as  mosses,  fungi,  and  lichens,  consist  of  an  impalpable  powder,  the  par- 
tides  of  which  are  scarcely  visible  to  the  naked  eye,  there  is  no  difficulty 
to  account  for  their  being  dispersed  throughout  the  atmosphere,  and  car- 
ried to  every  point  of  the  globe,  where  there  is  a  station  fitted  for  Ihem. 
*  Annuaire  dn  Bureau  des  Longitudei. 
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Idchens  in  particular  asoend  to  great  elevationsy  sometimes  growing  two 
thousand  feet  above  the  the  line  of  perpetual  snow,  at  the  utmost  limits 
of  vegetation,  and  where  the  mean  temperature  is  nearly  at  the  fineezing 
point  This  elevated  position  must  contribute  greatly  to  fiunlitate  the 
dispersion  of  those  buoyant  particles  of  which  their  fructification  conaistB.* 

Some  have  inferred,  from  the  springing  up  of  mushrooms  whenever 
particular  soils  and  decomposed  oiganic  matter  are  mixed  together,  that 
the  production  of  fungi  is  accidental,  and  not  analogous  to  that  of  pei^ct 
plants.  But  Fries,  whose  authority  on  these  questions  is  entitlea  to  the 
highest  respect,  has  shown  the  fallacy  of  this  aigument  in  favor  of  the 
old  doctrine  of  equivocal  generation.  ^  The  sporules  of  fung^"  says  this 
naturalist,  "are  so  infinite,  that  in  a  single  individual  of  BeUeularia 
maaimOf  I  have  counted  above  ten  millions,  and  so  subtile  as  to  be 
scarcely  visible,  often  resembling  thin  smoke ;  so  light  that  they  may  be 
raised  perhaps  by  evaporation  into  the  atmosphere,  and  dispersed  in  so 
many  ways  by  the  attraction  of  the  sun,  by  insects,  wind,  elastic!^,  ad- 
hesion, &Q^  that  it  is  difficult  to  conceive  a  place  from  which  they  may 
beexduded."f 

The  club-moss  called  Lycopadium  cemuum  afibrds  a  striking  example 
of  a  ciyptogamous  plant  universally  distributed  over  all  equinoctial  coon- 
tries.  It  scarcely  ever  passes  beyond  the  northern  tropic,  except  in  one 
instance,  where  it  appears  around  the  hot-springs  in  the  Azores,  although 
it  is  neither  an  inhabitant  of  the  Canaries  nor  Madeira,  Doubtless  its 
microscopic  sporules  are  everywhere  present,  ready  to  germinate  on  any 
spot  where  they  can  enjoy  throughout  the  year  the  proper  quantity  of 
warmth,  moisture,  light,  and  other  conditions  essential  to  the  species. 

Almost  every  lichen  brought  home,  from  the  southern  hemi^here  by 
the  antarctic  expedition  under  Sir  James  Boss,  amounting  to  no  less  than 
20Q  species,  was  ascertained  to  be  also  an  inhabitant  of  the  northern 
hemisphere,  and  almost  all  of  them  European. 

Agency  of  rivers  and  currents, — ^In  considering,  in  the  next  place,  the 
instrumentality  of  the  aqueous  agents  of  disperdon,  I  cannot  do  better 
than  cite  the  words  of  one  of  our  ablest  botanical  writers.  ^  The  moun- 
tain stream  or  torrent,"  observes  Keith,  "  washes  down  to  the  valley  the 
seeds  which  may  accidentally  M  into  it,  or  which  it  may  happen  to 
sweep  from  its  banks  when  it  suddenly  overflows  them.  The  broad  and 
majestic  river,  winding  along  the  extensive  plain,  and  traversing  the  con- 
tinents of  the  world,  conveys  to  the  distance  of  many  hundreds  of  nules 
the  seeds  that  may  have  vegetated  at  its  source.  Thus  the  southern 
shores  of  the  Baltic  are  visited  by  seeds  which  grew  in  the  interior  of 
Germany,  and  the  western  shores  of  the  Atlantic  by  seeds  that  have  been 
generated  in  the  interior  of  America."t  Fruits,  moreover,  indigenous  to 
America  and  the  West  Indies,  such  as  that  of  the  Mimosa  scandens^  the 
cashownut  and  others,  have  been  known  to  be  drifted  across  the  Atlantic 

*  linn.,  Tout  in  Lapland,  vol  iL  p  282. 

{Friei^  oited  by  Lindley,  Introd.  to  Nat  Syet  of  Botany. 
Syit«m  of  Physiological  Botany,  yoL  ii  j.  406. 
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by  the  Gulf  stream,  on  the  western  coasts  of  Europe,  in  such  a  state 
that  they  might  have  vegetated  had  the  climate  and  soil  been  favourable. 
Among  these  the  GuUandina  BondnCj  a  leguminous  plant,  is  particularly 
mentioned,  as  having  been  raised  from  a  seed  folmd  on  the  west  coast  of 
Ireland.* 

Sir  Hans  Sloane  states,  that  several  kinds  of  beans  cast  ashore  on  the 
Orkney  Isles,  and  Ireland,  but  none  of  which  appear  to  have  naturalized 
themselves,  are  derived  from  trees  whicb  grow  in  the  West  Indies^  and 
many  of  them  in  Jamaica.  He  conjectures  that  they  might  have  been 
conveyed  by  rivers  into  the  sea,  and  then  by  the  Gtdf  stream  to  greater 
distances,  in  the  same  manner  as  the  sea-weed  called  Lmticula  marina^ 
or  Sargasso,  which  grows  on  the  rocks  about  Jamaica;  is  known  to  be 
^  carried  by  the  winds  and  current  towards  the  coast  of  Florida,  and  thence 
into  the  North  American  ocean,  where  it  lies  veiy  thick  on  the  surface 
of  the  sea."! 

The  absence  of  liquid  matter  in  the  composition  of  seeds  renders  them 
comparatively  insensible  to  heat  and  cold,  so  that  they  may  be  carried 
without  detriment  through  climates  where  the  plants  themselves  would 
instantly  perish.  Such  is  their  power  of  resisting  the  effects  of  heat,  that 
Spallanzani  mentions  some  seeds  that  germinated  after  having  been  boil- 
ed in  water.|  Sir  John  Herschel  informs  me  that  he  has  sown  at  the 
Cape  of  Good  Hope  the  seeds  of  the  Acacia  lophanta  after  they  had 
remained  for  twelve  hours  in  water  of  140®  Fahrenheit,  and  they  germi- 
nated far  more  rapidly  than  unboiled  seeds.  He  also  states  that  an  emi- 
nent botanist.  Baron  Ludwig,  could  not  get  the  seeds  of  a  species  of  cedar 
to  grow  at  the  Cape  till  they  were  thoroughly  boiled. 

When  therefore,  a  strong  gale,  after  blowing  violently  off  the  land  for 
a  time,  dies  away,  and  the  seeds  alight  upon  the  surface  of  the  waters;  or 
wherever  the  ocean,  by  eating  away  the  sea-clif^  throws  down  into  its 
waves  plants  which  would  never  otherwise  reach  the  shores,  the  tides  and 
currents  become  active  instruments  in  assisting  the  dissemination  of 
almost  all  classes  of  the  vegetable  kingdom.  The  pandanus  and  many 
other  plants  have  been  distributed  in  this  way  over  the  islands  of  the 
Pacific.  I  have  before  called  attention  (p.  618.)  to  the  interesting  fact 
that  one-fifth  of  all  the  algse  found  in  the  antarctic  regions  in  1841-3,  by 
Dr.  J.  Hooker,  were  of  species  common  to  the  British  seas.  He  has 
suggested  that  cold  currents  which  prevail  from  Cape  Horn  to  the  equator, 
and  are  there  met  by  other  cold  water,  may  by  their  direct  influence,  as 
well  as  by  their  temperature,  facilitate  the  passage  of  antarctic  species  to 
the  Arctic  Ocean.  In  like  manner  the  nugration  of  certain  marine  ani- 
mals from  the  southern  to  the  northern  hemisphere  may  have  been  brought 
about  by  the  same  cause. 

In  a  collection  of  six  hundred  plants  from  the  neighborhood  of  the 
river  Zaire,  in  Africa,  Mr.  Brown  found  that  thirteen  species  were  also 

*  Brown,  Append,  to  Tuckey,  No.  v.  p.  481. 

4  FluL  Tnuu.  1696. 

%  System  of  Physiological  Botany;  toL  E  p.  408. 
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met  with  en  the  opposite  thone  ai  Gnaaa  and  Bn&L  He : 
thai  most  of  these  plaati  were  found  only  on  the  lower  pazts  of  the  nver 
Zsiie,  and  were  duefly  soch  as  piodnoed  seeds  capable  of  letaining  tiieb 
vitality  a  long  time  in  the  coDents  of  the  ocean.  Dr.  J.  Hoolser  inliDims 
me  that  after  an  eiamination  <^  a  great  many  insular  floraay  he  has  fiMmd 
that  no  one  of  the  laige  natural  orders  is  so  rich  in  ^leeies  oonunon  to 
other  countries^  as  theLeguminosaa.  The  seeds  in  this  <nder,  which  com- 
j»ises  the  laigest  prop(»tion  of  widely  diffused  Uttoral  q>ecieB,  are  hetta 
adapted  than  those  of  any  other  plants  for  water<saniage. 

ithe  migraHion  of  plauUs  aided  6y  w2aiu2c*-Islands^  moreover,  and 
even  the  smallest  rocks,  play  an  important  part  in  aiding  such  nngra- 
fions;  for  when  seedi  alight  upon  them  fiom  the  atmosphere,  or  are 
thrown  up  by  the  sur^  they  oflt^  v^tate,  and  supply  the  wiiHis  and 
waves  with  a  repetition  of  new  and  uninjured  crops  of  fruit  and  seeds. 
These  may  afterwards  pursue  their  course  through  the  atmoepiKrci^  or 
along  the  snxfobe  of  the  sea,  in  the  same  direction.  The  number  of  plaals 
found  at  any  given  tune  on  an  islet  affords  us  no  test  whatever  of  the 
extent  to  which  it  may  have  ooH>pemted  towards  this  end,  nnoe  a  vmiety 
of  species  may  flist  thrive  there  and  then  perish,  and  be  followed  by  other 
chanceHMmers  like  themselves.  If  neither  St  Helena  nor  Aseensioii  have 
promoted  the  botanical  intercourse  betwem  the  Old  and  New  Woilds, 
we  may  easily  account  for  the  fact  by  remembering  tiutt  they  are  not 
only  extremely  minute  and  iBolated  spots,  but  are  also  bounded  by  lofty 
and  precipitous  shores  without  beaches,  where  the  seeds  of  foreign  spedes 
could  readily  establish  themselves. 

Currents  and  winds  in  the  arctic  regions  drift  along  icebeigs  covered 
with  an  alluvial  soil»  on  which  herbs  and  pine^aplings  are  seen  growing, 
which  may  often  continue  to  vegetate  on  some  distant  shore  where  the 
ice-island  is  stranded. 

Diipernan  cf  marine  pianti. — ^With  respect  to  marine  vegetation,  the 
seeds,  being  in  their  native  element,  may  remain  immersed  in  water  with- 
out injury  for  indefinite  periods,  so  that  there  is  no  difficdty  in  conoetving 
the  diffurion  of  spedes  wherever  uncongenial  dimates,  contrary  currents, 
and  other  causes  do  not  interfere.  All  are  familiar  with  the  sight  of  the 
floating  sea-weed) 

"  Tixag  from  the  rock  on  ocean's  foam  to  sai], 
Where'er  the  surge  nuty  sweeps  the  tempesf  s  breath  prevatL'' 

Remarkable  acoamulati<Mi8  of  that  species  of  sea-weed  generally  known 
asgulf-weed^  or  sargasso,  occur  on  each  side  of  the  equator  in  the  Atlantic^ 
Pacific,  and  Indian  Oceans.  Columbus  and  other  navigators,  who  firrt 
encountered  these  banks  of  algae  in  the  Northern  Atlantic,  compared  them 
to  vast  inundated  meadows,  and  state  that  they  retarded  the  progress  of 
their  vessels.  The  most  extensive  bank  is  a  httle  west  of  the  meridian 
of  Fayal,  one  of  the  Azores,  between  latitudes  35®  and  36® :  violent 
north-winds  sometimes  prevail  in  this  space,  and  drive  the  sea^weed  to 
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low  ktitadeS)  as^far  t»  the  '24th  or  wen  the  20<ih  degi^ee:*  •  Along  tiie 
noithem  edge  of  the  Qulf  stream  Dr.  Hooker  found  Fuewf  rhookmu^  and 
F.  serratus,  which  he  traced  all  the  way  from  lat.  36^  N.  to  England. 

The  hoUow  pod-like  receptaicle  in  which  the  seeds  of  many  alg»  are 
lodged,  and  the  filaments  attached  to  the  seed-vessels  of  others,  seem 
intended  to  give  buoyancy ;  and  I  may  observe  that  these  hydrof^ytes 
are  in  general  prol^irouSj  so  that  ihe  smallest  fragment  of  a  branch  can 
be  developed  into  a  perfect  plant  The  seeds,  moreover,  of  the  greater 
number  of  species  are  enveloped  with  a  mucous  mattor  l&e  that  which 
surrounds  the  eggs  of  some  fish,  and  which  not  only  protects  them  from 
injury,  but  serves  to  attach  them  to  floating  bodies  or  to  roda« 

Agency  ofammals  in  the  distrUmtion  of  plants, — ^But  we  have  as  yet 
considered  port  only  of  the  fertile  resources  of  nature  for  conveying  seeds 
to  a  distance  from  their  place  of  growth.  The  various  tribes  of  ammals 
are  bueoly  engaged  in  furthering  an  object  whence  they  derive  such  im- 
portant advantages.  Sometimes  an  express  provision  is  found  in  \b» 
structure  of  seeds  to  enable  them  to  adhere  firmly  by  prickles,  hooks^  and 
hairs,  to  ike  coats  of  animals,  or  feathers  of  the  winged  tribe,  to  which 
they  remain  attached  for  weebi,  or  even  months,  and  are  borne  along  into 
every  region  whither  birds  or  quadrupeds  may  migrate.  Lixmaeus  enu- 
merates fifty  genera  of  plants,  and  the  number  now  known  to  botanists  is 
much  greater,  which  are  armed  with  hooks,  by  which,  when  ripe^  they 
adhere  to  the  coats  of  animals.  Most  of  these  vegetables,  he  remarks, 
require  a  soil  enriched  with  dung.  Few  have  failed  to  mark  the  locks  of 
wool  hanging  on  the  thorn-bushes,  wherever  the  sheep  pass,  and  it  is  proba- 
ble that  the  wolf  or  lion  never  give  chase  to  herbivorous  animals  without 
bdng  unconsciously  subservient  to  this  part  of  the  vegetable  economy. 

A  deer  has  strayed  from  the  herd  when  browsing  on  some  rich  pasture, 
when  he  is  suddenly  alarmed  by  the  approach  of  his  foe.  He  instantly 
takes  to  flight,  dashing  through  many  a  thicket,  and  swimming  across 
many  a  river  and  lake.  The  seeds  of  the  herbs  and  shrubs  which  have 
adhered  to  his  smoking  flanks  are  washed  off  again  by  the  waters.'  The 
thorny  spray  is  torn  o%  and  fixes  itself  in  its  hairy  coat,  until  brushed  off 
again  in  other  thickets  and  copses.  Even  on  the  spot  where  the  victim 
is  devoured  many  of  the  seeds  which  he  had  swallowed  iimnediately 
before  the  chase  may  be  left  on  the  ground  uninjured,  and  ready  to  spring 
up  in  a  new  soiL 

The  passage,  indeed,  of  undigested  seeds  through  the  stomachs  of  ani- 
mals is  one  of  the  most  efficient  causes  of  the  dissemination  of  plants,  and 
is  of  all  others,  perhaps^  the  most  likely  to  be  overiooked.  Few  are 
ignorant  that  a  portion  of  the  oats  eaten  by  a  horse  preserve  their  ger- 
minating Acuity  in  the  dung.  The  fact  of  their  being  stiQ  nutritious  is 
not  lost  on  the  sagacious  rook.  To  many,  says  Linnseus,  it  seems  extra- 
ordinary, and  something  of  a  prodigy,  that  when  a  field  is  well  tilled  and 
sown  with  the  best  wheat,  it  frequ^Uy  produces  darnel  or  the  wild  oat| 

*  Greville^  Introduction  ^.o  Algtt  Britannios^  p*  IS* 
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cgpedallj  if  it  be  nuaraied  with  new  dang;  they  do  not  oonader  fluit 
the  fertility  of  the  flmaller  seeds  is  not  deetrojed  in  the  «^^iw»fJ>»  of 
flnunsls.* 

Agency  of  Urdi, — Some  birds  <^  the  oider  Passeras  devour  the  seeds 
of  plants  in  great  quantities,  which  they  eject  again  in  veiy  distant  places, 
without  destroying  its  Cficnlty  of  vegetation:  thus  a  flight  c^laifowiD  fill 
the  cleanest  field  with  a  great  quantity  of  yanous  kinds  <^  plants,  as  the 
melilot  trefoil  (Medieago  ItiqnUina)^  and  others  whose  seeds  are  so  heavy 
that  the  wind  is  not  able  to  scatter  them  to  any  distance.!  In  like  man- 
ner, the  blackbird  and  misBelthmsli^  when  they  devour  berries  in  too  great 
quantities,  are  known  to  consign  them  to  the  earth  undigested  in  their 
ex«jrement| 

Pulpy  fruits  serve  quadrupeds  and  birds  as  food,  while  their  seeds,  often 
hard  and  indigestible,  pass  uninjured  through  the  intestines,  and  are  de- 
posited far  from  their  original  place  of  growth  in  a  condition  pecsJiariy 
fit  for  vegetation.§  So  well  are  the  fiumers,  in  some  parts  €i  Engbad, 
aware  of  this  fiict,  that  when  Ihey  desire  to  raise  a  qmckset  hedge  in  the 
shortest  possible  time,  they  feed  turkeys  with  the  haws  <^  the  common 
white-thorn  (CraUeguB  Oxyaeantha\  and  then  sow  the  stones  which  aie 
ejected  in  their  excrement,  whereby  they  gain  an  entire  year  in  the  growth 
of  the  plant)  Birds,  when  they  pluck  cherries,  sloes,  and  haws,  fly  away 
with  them  to  some  convenient  place ;  and  when  they  have  devoured  the 
fruit,  drop  the  stone  into  the  ground.  Captain  Cook,  in  his  account  of 
the  volcanic  island  of  Tanna,  one  of  the  New  Hebrides,  which  he  visited 
in  his  second  voyage,  makes  tiie  following  interesting  observation : — ^^Ifr. 
Forster,  in  his  botanical  excursion  this  day,  shot  a  pigeon,  in  the  craw  of 
which  was  a  wild  nutmeg.'^  It  is  easy,  therefore,  to  perceive,  that  birds 
in  their  migrations  to  great  distances,  and  even  across  seas,  may  tranqport 
seeds  to  new  isles  and  continents. 

The  sudden  deaths  to  which  great  numbers  of  frugivorous  birds  are 
annually  exposed  must  not  be  omitted  as  auxiliary  to  the  transportation  of 
seeds  to  new  habitations.  When  the  sea  retires  from  the  shore,  and 
leaves  fruits  and  seeds  on  the  beach,  or  in  the  mud  of  estuaries,  it  might, 
by  the  returning  tide.  Wash  them  away  again,  or  destroy  them  by  long 
immersion ;  but  when  they  are  gathered  by  land  birds  which  frequent  the 
sea  side,  or  by  waders  and  water-fowl,  they  are  often  borne  inland ;  and 
if  the  bird  to  whose  crop  they  have  been  consigned  is  killed,  they  may  be 
left  to  grow  up  far  from  the  sea.  Let  such  an  accident  happen  but  once 
in  a  century,  or  a  thousand  yean,  it  will  be  sufficient  to  spread  many  of 
the  plants  from  one  continent  to  another ;  for  in  estimating  the  activity 
of  these  causes,  we  must  not  consider  whether  they  act  slowly  in  relation 

*  LmnnuB,  Amoen.  Acad.,  toL  IL  p.  409. 

iAxnoen.  Acad,  vol  iv.    Eeaaj  16.  %  8. 
Ibid..  voL  vi.  8  22. 
Smith  8  Introd.  to  Fhys.  and  Syft  Botany,  p.  804. 1807, 
TliiB  information  was  oommonicated  to  me  by  Frofiefsor  Henslow,  of  CSsi»> 
Dndge. 
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to  the  period  of  our  obaerrMioii,  but  in  reference  to  the  duration  of  speeies 
in  general 

Let  us  trace  the  operation  of  this  caude  in  connection  with  otheis.  A 
tempestuous  wind  bears  the  seeds  of  a  plant  many  miles  through  the  air, 
and  then  deliFers  them  to  the  ocean ;  the  ooeanio  current  drifts  them  to 
a  distant  continent;  by  the  M  of  the  tide  they  become  the  food  of  nume- 
rous birds,  and  one  of  these  is  seized  by  a  hawk  or  eagle,  which,  soaring 
acrofls  hill  and  dale  to  a  place  of  retreat,  leaves,  after  deyouring  its  prey, 
the  unpalatable  seeds  to  spring  up  and  flourish  in  a  new  soiL 

The  machinery  before  adverted  to,  is  so  capable  of  disseminating  seeds 
over  almost  unbounded  spaces,  that  were  we  more  intimately  acquainted 
with  the  economy  of  iiature,  we  might  probably  explain  all  the  instances 
which  occur  of  the  aberration  of  plants  to  great  distances  from  their  native 
countries.  The  real  difficulty  which  must  present  itself  to  every  one  who 
contemplates  the  present  geographical  distribution  of  species,  is  the  unall 
number  of  ezceptiona  to  the  rule  of  the  non-intermixtuie  of  different  groups 
of  plants.  Why  have  they  not,  supposing  them  to  have  been  ever  so  dis- 
tinct originally,  become  m<Mre  blended  and  confounded  together  in  the 
lapse  of  ages  ? 

Agmiey  of  man  in  the  dupersian  <^ plants^ — ^But  in  addition  to  all  the 
agents  already  enumerated  as  instrumental  in  difiusing  plants  over  the 
globe,  we  have  still  to  consider  man — one  of  the  most  important  of  all. 
He  transports  with  him,  into  every  region,  the  vegetables  which  he  culti- 
vates for  his  wants,  and  if  the  invoiuntaiy  means  of  spreading  a  still 
greater  number  which  are  useless  to  him,  or  even  noxious.  ^^  When  the 
introduction  of  cultivated  plants,"  says  De  CandoUe,  '^  is  of  recent  date, 
there  is  no  difficulty  in  tracing  their  origin ;  but  when  it  is  of  high  anti- 
quity, we  are  often  ignorant  of  the  true  country  of  the  plants  on  which 
we  feed.  No  one  contests  the  American  origin  of  the  maize  or  the  pota- 
toe ;  nor  the  origin,  in  the  Old  World,  of  ihe  coffee-tree,  and  of  wheat. 
But  there  are  certain  objects  of  culture,  of  very  ancient  date,  between  the 
tropics,  such  for  example  as  the  banana,  of  which  the  origin  cannot  be 
verified.  Armies,  in  modem  times,  have  been  known  to  carry,  in  all  di* 
rections,  grain  and  cultivated  vegetables  from  one  extremity  of  Europe  to 
the  other ;  and  thus  have  shown  us  how,  in  more  ancient  times,  the  con- 
quests of  Alexander,  the  distant  expeditions  of  the  Romans,  and  afterwards 
the  crusades,  may  have  transported  many  plants  from  one  part  of  the 
world  to  the  other."* 

But,  besides  the  plants  used  in  agriculture,  the  numbers  which  have 
been  naturalised  by  accident,  or  which  man  has  spread  unintentionally, 
is  considerable.  One  of  our  old  authors,  Josselyn,  gives  a  catalogue  of 
such  plants  as  had,  in  his  time,  sprung  up  in  the  colony  since  the  English 
planted  and  kept  cattle  in  New  England.  They  were  two-and-twenty  in 
number.  The  common  nettle  was  the  first  which  the  settlers  noticed ; 
and  the  plantain  was  called  by  the  Indians  "Englishman's  foot,"  as  if  it 
sprung  from  their  fi>otstep8.f 

•  De  CandoUe,  Essai  Htoen.  Ac,  p.  60.         f  Quarterly  Review,  vol.  so;  p.  B 
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"  We  have  introdaoed  every  where,"  obaenres  De  Candolky 
weeds  wbich  grow  among  our  various  kinds  of  wheat,  and  which  have 
been  received,  perhaps,  ori^nally  from  Asia  along  with  them.     Thn^ 
together  with  the  Barbaiy  wheat,  the  inhabitants  of  the  south  of  Europe 
have  sown,  for  many  ages,  the  plants  of  Algiers  and  Tmiis.     With  the 
wools  and  cottons  d  the  East,  or  of  Barbaiy,  there  are  often  brought  into 
France  the  grains  of  exotic  plants,  some  of  which  naturalize  theiDaelve& 
Of  this  I  will  cite  a  striking  example.    There  is,  at  the  gate  of  MoatpeQier. 
a  meadow  set  apart  for  drying  foreign  wool,  after  it  has  been  washed. 
There  haidly  passes  a  year  without  foreign  plants  being  found  natuializal 
in  this  diying^ground.    I  have  gathered  there  Oentaurea  parviJUrra^ 
PeoraUa  palautina^  and  Hypericum  erigpumT    This  iad  is  not  odr 
illustrative  of  the  aid  which  man  lends  inadvertently  to  the  propagsti«A 
of  plants,  but  it  also  demonstrates  the  multiplicity  of  seeds  which  are 
borne  about  in  the  woolly  and  hairy  coats  of  wild  animals. 

The  same  botanist  mentions  instances  of  plants  naturalized  in  seaports 
by  the  ballast  of  ships ;  and  several  examples  of  others  which  have  ^iread 
through  Europe  from  botanical  gardens,  so  as  to  have  become  mote  com- 
men  than  many  indigenous  species. 

It  is  scarcely  a  century,  says  Linnaeus,  since  the  Canadian  erigeroo,  or 
flea-bane,  was  brought  from  America  to  the  botanical  garden  at  Paris; 
and  already  the  deeds  have  been  carried  by  the  winds  so  that  it  is  difioaed 
over  France,  the  British  islands,  Italy,  Sicily,  Holland,  and  Germany.* 
Several  others  are  mentioned  by  the  Swedish  naturalist^  as  having  been 
dispersed  by  similar  means.  The  common  thorn-apple  {Datura  Stra- 
monium), observes  Willdenow,  now  grows  as  a  noxious  weed  throughoai 
all  Europe,  with  the  exception  of  Sweden,  Lapland  and  Russia.  It  came 
from  the  East  Indies  and  Abyssinia  to  us,  and  was  thus  universally  spread 
by  certain  quacks,  who  used  its  seeds  as  an  emeticf  The  same  plant  b 
now  abundant  throughout  the  greater  part  of  the  United  States,  along 
road-sides  and  about  farm-yards.  The  yellow  monkey-flower,  JUimmlus 
luteuSj  a  plant  frt>m  the  north-west  region  of  America,  has  now  established 
itself  in  various  parts  of  England,  and  is  spreading  rapidly. 

In  hot  and  ill-cultivated  countries,  such  naturalization  takes  place  more 
easily.  Thus  the  Chenopodium  amJbrosundes,  sown  by  Mr.  Burchell  on  a 
point  of  St  Helena,  multiplied  so  fast  in  four  years  as  to  become  one  of 
the  commonest  weeds  in  the  island,  and  it  has  maintained  its  ground  ever 
since  1845.^ 

The  most  remarkable  proo^  says  De  Candolle,  of  the  extent  to  which 
man  is  unconsciously  the  instrument  of  dispersing  and  naturalizing  spe- 
cies, is  found  in  the  fact,  that  in  New  Holland,  America,  and  the  Cape 
of  Good  Hope,  the  aboriginal  European  spedes  exceed  in  number  all  the 
others  which  have  come  fix)m  any  distant  regions;  so  that^  in  this  instance, 
the  influence  of  man  has  surpassed  that  of  all  the  other  causes  which  tend 

•  EiBiiy  on  the  Habitable  E^rth,  AmoBn.  Acad,  vol  H  &  409. 

t  Prineiples  of  Botany,  p.  889. 
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to  disseminate  plants  to  remote  districts.  Of  nearly  1600  British  flower- 
ing  plants,  it  is  supposed  that  about  300  species  are  naturalized ;  but  a 
large  proportion  of  these  would  perish  with  the  discontinuance  of  agri- 
culture. 

Although  we  are  but  slightly  acquainted,  as  yet,  with  the  extent  of  our 
instrumentality  in  naturalizing  species,  yet  the  facts  ascertained  afford  no 
small  reason  to  suspect  that  the  number  which  we  introduce  unintention- 
ally exceeds  all  those  transported  by  design.  Nor  is  it  unnatural  to  sup- 
pose that  the  functions,  which  the  inferior  beings,  extirpated  by  man,  once 
discharged  in  the  economy  of  nature,  should  devolve  upon  the  human 
race.  If  we  drive  many  birds  of  passage  from  different  countries,  we  are 
probably  required  to  fulfil  their  office  of  cariying  seeds,  eggs  offish,  insects, 
mollusks,  and  other  creatures,  to  distant  regions:  if  we  extirpate  quadru- 
peds, we  must  replace  them  not  merely  as  consumers  of  the  animal  and 
vegetable  substances  which  they  devour,  but  as  disseminators  of  plants, 
and  of  the  inferior  classes  of  the  animal  kingdom.  I  do  not  mean  to 
insinuate  that  the  very  same  changes  which  man  brings  about,  would  have 
taken  place  by  means  of  the  agency  of  other  species^  but  merely  that  he 
supersedes  a  certain  number  of  agents ;  and  so  far  as  he  disperses  plants 
unintentionally,  or  against  his  will,  his  intervention  is  strictly  analogous 
to  that  of  the  species  so  extirpated. 

I  may  observe,  moreover,  that  if,  at  former  periods,  the  animals  inha- 
biting any  given  district  have  been  partially  altered  by  the  extinction  of 
some  species,  and  the  introduction  of  others,  whether  by  new  creations  or 
by  immigration,  a  change  must  have  taken  place  in  regard  to  the  parti- 
cular plants  conveyed  about  with  them  to  foreign  countries.  As,  for 
example,  when  one  set  of  migratory  l>irds  is  substituted  for  another,  the 
countries  from  and  to  which  seeds  are  transported  are  immediately  chang- 
ed. Vicissitudes,  therefore,  analogous  to  those  which  man  has  occasioned, 
may  have  previously  attended  the  springing  up  of  new  relations  between 
species  in  the  vegetable  and  animal  worlds. 

It  may  also  be  remarked,  that  if  man  is  the  most  active  agent  in  en- 
larging, so  also  is  he  in  circumscribing  the  geographical  boundaries  of 
particular  plants.  He  promotes  the  migration  of  some,  he  retards  that 
of  other  species ;  so  that,  while  in  many  respects  he  appears  to  be  exerting 
his  power  to  blend  and  confound  the  various  provinces  of  indigenous 
species,  he  is,  in  other  ways,  instrumental  in  obstructing  the  fusion  into 
one  group  of  the  inhabitants  of  contiguous  provinces. 

Thus,  for  example,  when  two  botanical  regions  exist  in  the  same  great 
continent,  such  as  the  European  region,  comprehending  the  central  parts 
of  Europe,  and  those  surrounding  the  Mediterranean,  and  the  Oriental 
region,  as  it  has  been  termed,  embracing  the  countries  adjoining  the  Black 
Sea  and  the  Caspian,  the  interposition  between  these  of  thousands  of 
spuare  miles  of  cultivated  lands,  opposes  a  new  and  powerful  barrier  against 
the  mutual  interchange  of  indigenous  plants.  Botanists  are  well  aware 
that  garden  plants  naturalize  and  diffuse  themselves  with  great  fiicility  in 
comparatively  unreclaimed  countries,  but  spread  themselves  slowly  and 
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with  difficulty  in  districts  highly  cultivatAd.  There  are  many  obviom 
caoaes  for  this  difference ;  by  drainage  and  ealtnie  the  natural  Tanety  of 
stations  is  diminished,  and  Uiose  stray  individnab  by  whidi  the  pasaage 
of  a  species  from  one  fit  station  to  another  is  effected,  are  no  aooner  de- 
tected by  the  agriculturist^  than  they  are  uprooted  as  weedsu  The  luga 
rhruhs  ukL  trees,  in  particular,  can  scarcely  erer  escape  obser?atioii,  when 
thejr  hare  attained  a  certain  size,  and  will  rarely  fiiil  to  be  cot  down  if 
unprofitable. 

Thc)  same  observations  are  applicable  to  the  interchange  of  the  inaedi^ 
birds,  and  quadrupeds  of  two  regions  atuated  fike  those  above  aOnded  ta 
No  beasts  of  prey  are  permitted  to  make  their  way  acroas  the  interreniDg 
arable  tracts.  Many  birds,  and  hundreds  <^  insects,  which  would  have 
found  some  palatable  food  amongst  the  various  herba  and  trees  of  the 
primeval  wilderness,  are  unable  to  subsist  on  the  olive,  the  vine,  the  wheat, 
and  a  few  trees  and  grasses  &vored  by  man.  In  addition,  therefore,  to 
hir  direct  intervention,  man,  in  this  case,  operates  inditectly  to  impede 
the  dissemination  of  plants,  by  intercepting  the  migration  of  animak^ 
many  of  which  would  otherwise  have  been  active  in  transporting  seeds 
from  one  province  to  another. 

Whether,  in  the  vegetable  kingdom,  the  influence  of  man  will  tend, 
after  a  considerable  lapse  of  ages,  to  render  the  geographical  range  of 
speeia  in  general  more  extended,  as  De  Candolle  seems  to  anticipate,  or 
whether  the  compensating  agency  above  alluded  to  will  not  oouniezba 
lance  the  exceptions  caused  by  our  naturaUzationa,  admits  at  least  of  some 
doubt  In  the  attempt  to  form  an  estimate  on  this  subject^  we  must  be 
careful  not  to  underrate,  or  almost  overlook,  as  some  appear  to  have  done, 
the  influence  of  man  in  t^hecldng  the  difilusion  of  plants,  and  reetrictiiv 
their  distribution  to  narrower  limits. 
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pelago-—Australia — ^North  and  South  America — Quadrupeds  in  islands — 
Range  of  the  Cetacea— Dispersion  of  quadrupeds — ^Ilieir  powers  of  swim 
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Geographical  distribution  of  anifnats. — ^Although  in  speculating 
on  "  philosophical  possibilities,''  said  Buffon,  *'  the  same  temperature 
might  have  been  expected,  all  other  circumstances  being  equal,  to 
produce  the  same  beings  in  different  parts  of  the  globe,  both  in  the 
animal  and  vegetable  kingdoms,  yet  it  is  an  undoubted  fact,  that  when 
America  was. discovered,  its  indigenous  quadrupeds  were  all  dissimilar 
to  those  previously  known  in  the  Old  World.  The  elephant,  the 
rhinoceros,  the  hippopotamus,  the  camelopard,  the  camel,  the  drome- 
dary, the  buffalo,  the  horse,  the  ass,  the  lion,  the  tiger,  the  apes,  the 
baboons,  and  a  number  of  other  mammalia,  were  nowhere  to  be  met 
with  on  the  new  continent ;  while  in  the  old,  the  American  species, 
of  the  same  great  class,  were  nowhere  to  be  seen — the  tapir,  the  lama, 
the  pecari,  the  jaguar,  the  couguar,  the  agouti,  the  paca,  the  coati,  and 
the  slotL** 

These  phenomena,  although  few  in  number  relatively  to  the  whole 
animate  creation,  were  so  striking  and  so  positive  in  their  nature,  that 
the  great  French  naturalist  caught  sight  at  once  of  a  general  law  in 
the  geographical  distribution  of  oi^anic  beings,  namely,  the  limitation 
of  groups  of  distinct  species  to  regions  separated  from  the  rest  of  the 
globe  by  certain  natural  barriers.  It  was,  therefore,  in  a  truly  philo- 
sophical spirit  that,  relymg  on  the  clearness  of  the  evidence  obtained 
respecting  the  larger  quadrupeds,  he  ventured  to  call  in  question  the 
identifications  announced  by  some  contemporary  naturalists  of  species 
of  animals  said  to  be  common  to  the  southern  extremities  of  America 
and  Africa.* 

The  migration  of  quadrupeds  from  one  part  of  ihe  globe  to  another, 
observes  Dr.  Prichard,  is  prevented  by  uncongenial  climates  and  the 
branches  of  the  ocean  which  intersect  continents.     "Hence,  ty  a 

*  Buffon,  voL  v. — On  the  Virginian  Opossum. 
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reference  to  the  geograpHical  site  of  countries,  we  may  diride  the 
earth  into  a  certain  number  of  regions  fitted  to  become  the  abodes  of 
particular  groups  of  animals,  and  we  shall  find,  on  inquiry,  that  each 
of  these  provinces,  thus  conjecturallj  marked  put,  is  actually  inhabited 
by  a  distinct  nation  of  quadrupeds."  *    It  will  be  observed  that  the 
language  of  Bufibn   respecting  ^natural  tMuriers,"  which   has  since 
been  so  popular,  would  be  wholly  without  meaning  if  the  geographical 
distribution  of  organic  beings  had  not  led  naturalists  to  adopt  very 
generally  the  doctrine  of  specific  centres,  or,  in  other  words,  to  believe 
Uiat  each  species,  whether  of  plant  or  animal,  originated  in  a  single 
birth-place.    Reject  this  view,  and  the  fact  that  not  a  single  native 
quadruped  is  common  to  Australia,  the  Cape  of  Good   Hope,  and 
South  America,  can  in  no  ways  be  explained  by  adverting  to  ^ 
wide  extent  of  intervening  ocean,  or  to  the  sterile  deserts,  or  the  great 
heat  or  cold  of  the  climates,  through  which  each  species  must  have 
passed,  before  it  could  migrate  from  one  of  those  distant  regions  to 
another.    It  might  fairly  be  asked  of  one  who  talked  of  impassable 
barriers,  why  the  same  kangaroos,  rhinoceroses,  or  lamas,  should  not 
have   been   created   simultaneously  in  Australia,  Africa,  and  South 
America  !    The  horse,  the  ox,  and  the  dog,  although  foreign  to  these 
countries  until  introduced  by  man,  are  now  able  to  support  them- 
selves there  in  a  wild  state,  and  we  can  scarcely  doubt  that  many  of 
the  quadrupeds  at  present  peculiar  to  Australia,  Africa,  and  South 
America,  might  have  continued  in  like  manner  to  inhabit  each  of  the 
three  continents  had  they  been  indigenous  or  could  they  once  have  got 
a  footing  there  as  new  colonists. 

At  the  same  time  every  zoologist  will  be  willing  to  concede,  that 
even  if  the  departure  of  each  species  from  a  single  centre  had  not 
appeared  to  be  part  of  the  plan  of  Nature,  the  range  of  species  in 
general  must  have  become  limited,  under  the  influence  of  a  variety  of 
causes,  especially  in*  the  class  of  terrestrial  mammalia.  Scarcely  any 
one  of  these  could  be  expected  to  retain  as  fair  a  daim  to  the  title  of 
cosmopolite  as  man,  although  even  the  human  race,  fitted  as  it  is  by 
its  bodily  constitution  and  intellectual  resources  to  spread  very  widely 
over  the  earth,  is  far  from  being  strictly  cosmopolite.  It  is  excluded 
both  from  the  arctic  and  antarctic  circles,  from  many  a  wide  desert 
and  the  summits  of  many  mountain-chains ;  and  lastly,  from  three- 
fourths  of  the  globe  covered  by  water,  where  there  are  large  areas 
very  prolific  in  animal  life,  even  in  the  highest  order  of  the  vertebrate 
class.  But  the  kahitations  of  species  are,  as  before  stated,  in  refer- 
ence to  plants  (see  above,  p.  614),  circumscribed  by  causes  different 
from  those  which  determine  their  stations,  and  these  causes  are  clearly 
connected  with  the  time  and  place  of  the  original  creation  of  each 
species. 

As  the  names  and  characters  of  land  quadrupeds  are  much  better 

•Prichard'8  Phys.  Hist,  of  Mankind,  voL  L  p.  54. 


CB.XKXVTCL]  INDIGENOUS  MAMMALIA.  631 

known  to  the  general  reader  than  those  of  other  great  families  of  the 
animal  kingdom,  I  shall  select  this  class  to  exemplify  the  sx>olo^cal 
provinces  into  which  species  are  divisible,  confining  myself,  however, 
to  those  facts  which  may  help  to  elucidate  some  principle,  or  rule 
apparently  followed  by  the  Author  of  Nature,  in  regard  to  that 
'*  mystery  of  mysteries,''  the  first  peopling  of  the  earth  with  living 
beings.*  first,  then,  the  European  region  comprehends,  besides  Europe, 
the  borders  of  the  Mediterranean,  and  even  the  north  of  Africa,  and 
extends  into  Asia,  beyond  the  Oural  mountains  and  the  Caspian.  Al- 
though the  species  are  almost  all  peculiar,  the  number  of  characteristic 
genera  is  remarkably  small.  The  bear,  the  fox,  the  Lare,  the  rabbit, 
the  deer,  and  almost  every  European  form  is  found  equally  in  several 
of  the  other  large  provinces  of  mammalia,  where  the  species  are 
distinct  Even  the  mole  (Taljpa),  although  confined  to  the  northern 
parts  of  the  old  world,  ranges  eastwards,  as  far  as  the  Himalaya 
mountains. 

2dly.  The  African  Fauna,  on  the  other  hand,  is  singularly  rich  in 
generic  forms,  not  met  with  in  a  living  state  in  any  other  region.  The 
hippopotamus,  for  example,  of  which  two  very  distinct  species  are  known, 
the  giraffe,  the  Chimpanzee,  the  blue-faced  baboon,  the  fou>fingered 
monkeys  [Colubus),  many  camivora,  such  as  Proteles,  allied  to  the 
hyaena,  and  a  multitude  of  other  forms,  are  exclusively  African.  A  few 
of  the  species  inhabiting  the  northern  confines  of  this  continent,  such  as 
the  dromedary,  lion,  and  jackall,  are  also  common  to  Asia ;  and  a  much 
larger  number  of  forms  belong  equally  to  the  great  Asiatic  province, 
the  species  being  distinct  The  elephant,  for  example,  of  Africa  is 
smaller,  has  a  rounder  head,  and  larger  ears  than  the  Indian  one,  and 
has  only  three  instead  of  four  nails  on  each  hind  foot  In  like  manner, 
not  one  of  three  African  species  of  Rhinoceros  agrees  with  one  of  the 
three  Indian  kinds. 

8dly.  The  Southern  region  of  Africa,  where  that  continent  extends 
into  the  temperate  zone,  constitutes  another  separate  zoological  province, 
surrounded  as  it  is  on  three  sides  by  the  ocean,  and  cut  off  from  the 
countries  of  milder  climate  in  the  northern  hemisphere,  by  the  interven- 
ing torrid  zone.  In  many  instances,  this  region  contains  the  same 
genera  which  are  found  in  temperate  climates  to  the  northward  of  the 
line:  but  then  the  southern  are  different  from  the  northern  species. 
Thus,  in  the  south  we  find  the  quagga  ana  the  zebra ;  in  the  north,  the 
horse,  the  ass,  and  the  jiggetai  of  Asia. 

The  south  of  Africa  is  spread  out  into  fine  level  plains  from  the  tropic 
to  the  Cape,  In  this  region,  says  Pennant,  besides  the  horse  genus,  of 
which  five  species  have  been  found,  there  are  also  peculiar  species  of 

*  In  the  above  enumeration  of  the  leading  zoological  provincee  of  land  qna- 
dmpeds  I  have  been  most  kindly  asaisted  by  Mr.  Waterhonse  of  the  British 
Mnaeum,  author  of  a  most  able  and  comprehensive  work  on  the  "Natural 
History  of  the  Mammalia,''  now  in  the  course  of  publication.  Ix>ndon,  Bail* 
here,  1846. 
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rUnocerM,  the  hog,  and  the  hfrax,  among  pachTdarmatoiia  raoea ;  mad 
amongst  the  romiaatiiig,  the  Ci^  buffalo^  and  a  yarietj  of  remaxkablo 
antelopes,  as  the  springbok,  the  oryZf  the  gnou,  the  leacopho^  tlM 
pygarga,  and  several  others.* 

4thly.  The  assemblage  of  quadrupeds  in  Madagatnr  afibrds  a  atrik* 
ing  illustration  of  the  laws  before  alluded  to,  as  governing  the  distribu- 
tion of  species  in  islands.    Separated  from  AMca  hj  the  Mozambique 
channel,  which  is  aoo  miles  wide,  Madagascar  forms,  with  two  or  three 
small  islands  in  its  immediate  vicinity,  a  aoological  provinoe  bj  itself 
all  the  species  except  one,  and  nearly  all  the  genera,  being  peculiar. 
The  only  exception  consistB  of  a  small  insectivoroas  quadruped  (  Cmlffef), 
found  also  in  the  Mauritius,  to  which  place  it  is  supposed  to  have  been 
taken  in  ships.    The  most  characteristic  feature  of  this  remarkable  finma 
consists  in  the  number  of  quadrumana  of  the  Lemur  fiunilj,  no  less  than 
six  genera  of  these  monkeys  being  exclusively  met  with  in  this  island, 
and  a  seventh  genus  of  the  same,  called  Gaiaga,  which  alone  haa  any 
foreign  representative,  being  found,  as  we  might  from  analogy  have 
anticipated,  in  the  nearest  main  land.    Had  the  species  <^  quadrupeds 
in  Madagascar  agreed  with  those  of  the  contiguous  parta  of  Africa,  as 
do  those  of  England  with  the  rest  of  Europe,  the  naturalist  would  have 
inferred  that  there  had  been  a  land  communication  since  the  period  of 
the  coming  in  of  the  existing  quadrupeds,  whereas  we  may  now  conclude 
that  the  Mozambique  channel  has  constituted  an  insuperable  barrier  to 
the  fusiox^  of  the  continental  fauna  with  that  of  the  great  island  during 
the  whole  period  that  has  elapsed  since  the  living  species  were  created. 

5thly.  Another  of  the  great  nations  of  terrestrial  mammalia  is  that 
of  India,  containing  a  great  variety  of  peculiar  forms,  such  as  the  sloth- 
bear  {Prochilui),  the  musk-deer  (Afoseua),  the  nylghau,  the  gibbon  or 
long^armed  ape,  and  many  others.  6thly.  A  portion  of  the  islands  of 
the  Indian  archipelago  might,  perhaps,  be  considered  by  some  geologists 
as  an  appendage  of  the  same  province.  In  foot,  we  find  in  the  lafge 
islands  of  Java,  Sumatra,  and  Borneo,  the  same  general  for  the  most 
part,  as  on  the  continent  of  India,  and  some  of  the  same  species,  e.  f. 
the  tapir  (Tapirtu  Mahj/anus),  the  rhinoceros  of  Sumatra,  and  some 
others.  Most  of  the  species,  however,  are  distinct,  and  each  island  has 
many,  and  even  a  few  genera,  peculiar  to  itself.  Between  eigh^  and 
ninety  species  are  known  to  inhabit  Java,  and  nearly  the  same  number 
occur  in  Sumatra.  Of  these,  more  than  half  are  conunon  to  the  two 
islands.  Borneo,  which  is  much  less  explored,  has  yielded  already 
upwards  of  sixty  species,  more  than  half  of  which  are  toet  with  either 
in  Java  or  Sumatra.  Of  the  species  inhabiting  Sumatra  and  not  found 
in  Java,  Borneo  contains  the  greater  portion.  Upon  the  whole,  if  these 
three  large  islands  were  united,  and  a  fusion  of  tbeir  respective  indige- 
nous mammalia  should  take  plaoe,  they  would  present  a  fauna  related 
M  that  of  continental  India,  and  comprising  about  as  many  species  as 

•  Pgimant's  Hist  of  Qtt*dtiiped%  eit«d  hy  PriohardI,  Fhya  Hist  of  JUaaki^ 

roL  i  p.  66. 
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W6  might  expect  from  aaalogf  to  discoYer  in  an  ttrea  of  equiJ  extent. 
Hm  Philippine  iBlands  are  peopled  with  another  aeeemUage  of  spedei 
genericallj  related  to  the  great  Indian  type. 

Vthlj.  But  the  lalands  of  Celehesi  Amboina,  Timori  and  New  Guinea^ 
constitute  a  different  region  of  mammalia  more  allied  to  the  Australian 
lype,  as  having  an  intermixture  of  marsupial  quadrupeds,  yet  showing 
an  affinity  also  to  the  Indian  in  snch  forms  as  the  deer  {(krvxu)^  the 
weasel  (Ftverra),  the  pig  (Su9\  the  Macaque  monkey  (Oir€opiihieu$)^ 
and  others.  As  we  proceed  in  a  south-westerly  direction,  from  Celebes 
to  Amboina  and  thence  to  New  Guinea,  we  find  the  Indian  types 
ditmaiehing  in  numb^a*,  and  the  Aubtraliaa  (f«  e.  marsupial  forms) 
increasing.  Thus  in  New  Guinea  seven  species  of  pouched  quadrupeds 
haye  been  detected^  and  among  them  two  singular  tree-kan^^uroos ;  yet 
only  one  species  of  the  whole  seven,  vis.  the  flying  opoasum  {Petaurii 
ariet)^  is  common  to  the  Indian  archipelago  and  the  main  land  of  Aus- 
tralia. The  greater  the  aoological  affinity,  therefore,  between  the  latter 
and  the  New  Guinea  fauna,  although  it  seems  in  some  way  connected 
with  geographical  proximity,  is  not  to  be  explained  simply  by  the 
mutual  migration  of  species  from  the  one  to  the  other* 

8thly.  When  Australia  was  discorered,  its  land  quadrupeds,  belong- 
ing almost  exclusively  to  the  marsupial  or  pouched  tribe,  such  as  the 
kangaroos,  wombats,  flying  opossums,  kangaroo-rats,  and  others,  some 
feeding  on  herbs  and  fruits,  others  carnivorous,  were  so  novel  in  their 
structure  and  aspect,  that  they  appeared  to  the  naturalist  almost  as 
strange  as  if  they  were  the  inhabitants  of  some  other  planet  We  learn 
from  the  recent  investigations  of  Mr.  Waterhouse,*  that  no  less  than 
170  species  of  marsupial  quadrupeds  have  now  been  determined,  and  of 
the  whole  number  all  but  thirty-two  are  exclusively  restricted  to  Aus* 
tralia.  Of  these  thirty-two,  nine  belong  to  the  islands  in  the  Indian 
archipelago  before  mentioned,  and  the  other  twenty-three  are  all  species 
of  opossum  inhabiting  the  tropical  parts  of  South  America,  or  a  few  of 
them  extending  into  Mexico  and  California,  and  one,  the  Virginian 
opossum,  into  the  United  States. 

Othly.  It  only  remains  for  me  to  say  something  of  the  mammiferous 
fauna  of  North  and  Sfnith  America,  It  has  often  been  said  thaty 
where  the  three  continents  of  Asia,  Europe,  and  North  America,  ap- 
proach very  near  to  each  other  towards  the  pole,  the  whole  arctic  region 
forms  one  zoological  and  botanical  province.  The  narrow  straits  which 
separate  the  old  and  new  world  are  frozen  over  in  winter,  and  the  dis- 
tance is  £uther  lessened  by  intervening  islands.  Many  plants  and  ani- 
mals of  various  classes  have  accordingly  spread  over  all  the  arctic  lands, 
being  sometimes  carried  in  the  same  manner  as  the  polar  bear,  when  it 
is  drifted  on  floating  ice  from  Greenland  to  Iceland.  But  on  a  close 
inspection  of  the  arctic  mammalia,  it  has  been  found  of  late  years  that 
a  very  small  number  of  the  American  species  are  identical  with  those  of 

•  Kstuml  ffistoty  of  the  Mammalis,  vol  L,  on  the  MawupisU.  London, 
BaiUien^  1846. 
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Europe  or  Asia.  The  genera  are,  in  great  part,  the  same  or  nearly 
allied ;  but  the  species  are  rarelj  identical,  and  are  often  very  nnlike, 
as  in  the  case  of  the  American  badger  and  that  of  Europe.  Some  of  the 
genera  of  arctic  America,  such  as  the  musk  ox  (Ovibos)^  are  quite  pecu- 
liar, and  the  distinctness  of  the  fauna  of  the  great  continents  goes  on 
increasing  in  proportion  as  we  trace  them  southwards,  or  as  thej  recede 
&rther  from  each  other,  and  become  more  and  more  separated  bj  the 
ocean.  At  length  we  find  that  the  three  groups  of  tropical  mammalia, 
belonging  severally  to  America,  Africa,  and  India,  have  not  a  single 
species  in  common. 

The  predominant  influence  of  climate  over  all  the  other  causes  which 
limit  the  range  of  species  in  the  mammalia  is  perhaps  nowhere  so  con- 
spicuously displayed  as  in  North  America.  The  arctic  fauna,  so  admira- 
bly described  by  Sir  John  Richardson,  has  scarcely  any  species  in  com- 
mon with  the  fauna  of  the  state  of  New  York,  which  is  600  miles  fiirther 
south,  and  comprises  about  forty  distinct  mammifers.  If  again  we  travd 
farther  south  about  600  miles,  and  enter  another  zone,  running  east  and 
west,  in  South  Carolina,  Georgia,  Alabama,  and  the  contiguous  states^ 
we  again  meet  with  a  new  assemblage  of  land  quadrupeds,  and  this 
again  differs  from  the  fauna  of  Texas,  where  frosts  are  unknown.  It  will 
be  observed  thfit  on  this  continent  there  are  no  great  geographical 
barriers  running  east  and  west,  such  as  high  snow-clad  mountains,  barren 
deserts,  or  wide  arms  of  the  sea,  capable  of  checking  the  free  migration 
of  species  from  north  to  south.  But  notwithstanding  the  distinctness 
of  those  zones  of  indigenous  mammalia,  there  are  some  species,  such  as 
the  buffalo  {Bison  Americanus),  the  racoon  (Procycn  iotor),  and  the 
Virginian  opossum  (Didelphis  Virginiaiui)^  which  have  a  wider  habita- 
tion, ranging  almost  from  Canada  to  the  Gulf  of  Mexico  ;  but  they  form 
exceptions  to  the  general  rule.  The  opossum  of  Texas  {DidelpkU 
camivora)  is  different  from  that  of  Virginia,  and  other  species  of  the 
same  genus  inhabit  westward  of  the  Rocky  Mountains,  in  California,  for 
example,  where  almost  all  the  mammalia  differ  from  those  of  the  United 
States. 

lOthly.  The  West  Indian  land  quadrupeds  are  not  numerous,  but 
several  of  them  are  peculiar;  and  llthly,  South  America  is  the  most 
distinct,  with  the  exception  of  Australia,  of  all  the  provinces  into  which 
the  mamma  ia  can  be  classed  geographically.  The  various  genera  of 
monkeys,  for  example,  belong  to  the  family  Platyrrhini,  a  large  natural 
division  of  the  quadrumana,  so  named  from  their  widely  separated  nos- 
trils. They  have  a  peculiar  dentition,  and  many  of  them  prehensile 
tails,  and  are  entirely  unknown  in  other  quarters  of  the  globe.  The 
sloths  and  armadillos,  the  true  blood-sucking  bats  or  varapyres  {Phyl- 
lostomida),  the  capybara,  the  largest  of  the  rodents,  the  carnivorous  coati- 
mondi  (^asua),  and  a  great  many  other  forms,  are  also  exclusively 
characteristic  of  South  America. 

"In  Peru  and  Chili,"  says  Humboldt,  "the  region  of  the  grasses, 
which  is  at  an  elevation  of  from  12,300  to  15,400  feet,  is  inhabited  by 
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crowds  of  lama,  guanaco,  and  alpaca.  These  quadrupeds,  which  here 
represent  the  genus  camel  of  the  ancient  continent,  have  not  extended 
themselves  either  to  Brazil  or  Mexico ;  because,  during  their  joumej, 
they  must  necessarily  hare  descended  into  regions  that  were  too  hot  for 
them."*  In  this  passage  it  will  be  seen  that  the  doctrine  of  ''  specific 
centres"  is  tacitly  assumed. 

Quadrupeds  in  Islands. — ^Islands  remote  from  continents,  especially 
those  of  small  size,  are  either  destitute  of  quadrupeds,  except  such  as 
hare  been  conveyed  to  them  by  man,  or  contain  species  peculiar  to 
them.  In  the  Galapagos  archipelago  no  indigenous  quadrupeds  were 
found  except  one  mouse,  which  is  supposed  to  be  distinct  from  any 
hitherto  found  elsewhere.  A  peculiar  species  of  fox  is  indigenous  in 
the  Falkland  Islands,  and  a  rat  in  New  Zealand,  which  last  country, 
notwithstanding  its  magnitude,  is  destitute  of  other  mammalia,  except 
bats,  and  these,  says  Dr.  Prichard,  may  have  made  their  way  along 
the  chain  of  islands  which  extend  from  the  shores  of  New  Guinea  (sn 
into  the  Southern  Pacific.  The  same  author  remarks,  that  among  the 
various  groups  of  fertile  islands  in  the  Pacific,  no  quadrupeds  have 
been  met  with  except  the  rat  and  a  few  bats  as  above  mentioned,  and 
the  dog  and  hog,  which  appear  to  have  been  conveyed  thither  by  the 
natives  from  New  Guinea.  "Rats  are  to  be  found  even  on  some 
desert  islands,  whither  they  may  have  been  conveyed  by  canoes  which 
have  occasionally  approached  the  shore.  It  is  known,  also,  that  rats 
occasionally  swim  in  large  numbers  to  considerable  distances."! 

Geographical  range  of  the  Cetaeea. — It  is  natural  to  suppose  that 
the  geographical  range  of  the  different  species  of  Cetacea  should  be 
less  correctly  ascertained  than  that  of  the  terrestrial  mammifers.  It 
is,  however,  well  known  that  the  whales  which  are  obtained  by  our 
fishers  in  the  South  Seas  are  distinct  from  those  of  the  North ;  and 
the  same  dissimilarity  has  been  found  in  all  the  other  marine  animals, 
of  the  same  class,  so  far  as  they  have  yet  been  studied  by  naturalists. 

Dispersion  of  quadrupeds. — Let  us  now  inquire  what  facilities  the 
various  land  quadrupeds  enjoy  of  spreading  themselves  over  the  surface 
of  the  earth.  In  the  first  place,  as  their  numbers  multiply,  all  of  them, 
whether  they  feed  on  plants,  or  prey  on  other  animals,  are  disposed  to 
scatter  themselves  gradually  over  as  wide  an  area  as  is .  accessible  to 
them.  But  before  they  have  extended  their  migrations  over  a  large 
space,  they  are  usually  urested  either  by  the  sea,  or  a  zone  of  uncon- 
genial climate,  or  some  lofty  and  unbroken  chain  of  mountains,  or  a 
tract  already  occupied  by  a  hostile  and  more  powerful  species. 

T?ieir  powers  of  swimming. — ^Rivers  and  narrow  friths  can  seldom 
interfere  with  their  progress ;  for  the  greater  part  of  them  swim  well, 
and  few  are  without  this  power  when  urged  by  danger  and  pressing 
want.    Thus,  amongst  beasts  of  prey,  the  tiger  is  seen  swimmmg  about 

*  Deaeription  of  the  Equatorial  Regions. 

f  Prichard,  Phys.  Hirt.  of  Mankind,  vol.  L  p.  If  5. 
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among  the  bUndB  and  creeks  in  the  delta  of  the  Oaogea,  a&d  the 
jaguar  trarerBes  with  ease  the  largest  streams  in  South  America.* 
The  bear,  also^  and  the  bison,  cross  the  current  of  the  MisossippL 
The  popular  error,  that  the  common  swine  cannot  eecApe  hj  swimming 
when  thrown  into  the  water,  has  been  contradicted  by  several  curious 
and  well-authenticated  instances  during  the  floods  in  Scotland  of  1829. 
One  pig,  only  six  months  old,  after  baring  been  carried  down  from 
Garmouth  to  the  bar  at  the  mouth  of  the  Spej,  a  distance  of  a  quarter 
of  a  mile,  swam  four  miles  eastward  to  Port  Gordon,  and  landed  safe. 
Three  others,  of  the  same  age  and  litter,  swam,  at  the  same  time,  ire 
miles  to  the  west,  and  landed  at  BiackhiHt 

In  an  adult  and  wild  state,  these  animals  would  doubtless  have  been 
more  strong  and  active,  and  might,  when  hard  pressed,  have  performed 
a  much  longer  voyage.  Hence  islands  remote  from  the  continent  may 
obtain  inhabitants  by  casualties  which,  like  the  late  storms  in  Moraf- 
shire,  may  only  occur  once  in  many  centuries,  or  thousands  of  yeaif, 
under  all  the  same  circumstances.  It  is  obvious  that  powerful  tidei^ 
winds,  and  currents  may  sometimes  cany  along  quadrupeds  capable, 
in  like  manner,  of  preserving  themselves  for  hours  in  the  sea,  to  very 
considerable  distances;  and  in  this  way,  perhaps,  the  tapir  (Tapir 
Indicus)  may  have  become  common  to  Sumatra  and  the  Malayan 
peninsula* 

To  the  elephant,  in  particular,  the  power  of  crossing  rivers  is  essential 
m  a  wild  state,  for  the  quantity  of  food  which  a  herd  of  these  animals 
consumes  renders  it  necessary  that  they  should  be  constantly  moving 
from  place  to  place.  The  elephant  crosses  the  stream  in  two  ways. 
If  the  bed  of  the  river  be  hard,  and  the  water  not  of  too  great  a  depth, 
he  fords  it  But  when  he  crosses  great  rivers,  such  as  the  Ganges  and 
the  Niger,  the  elephant  swims  deep,  so  deep,  that  the  end  of  his  trunk 
only  is  out  of  ^e  water ;  for  it  is  a  matter  of  indifference  to  him 
whether  his  body  be  completely  immersed,  provided  he  can  bring  the 
tip  of  his  trunk  to  the  suriface,  so  as  to  breathe  the  external  air. 

Animals  of  the  deer  kind  frequently  take  to  the  water,  especially  in 
the  rutting  season,  when  the  stags  are  seen,  swimming  for  several  leagues 
at  a  time,  from  island  to  island,  in  search  of  the  does,  especially  in  the 
Canadian  lakes;  and  in  some  countries  where  there  are  i^ands  near  the 
searshore,  they  fearlessly  enter  the  sea  and  swim  to  them.  In  hunting 
excursions,  in  North  America,  the  elk  of  that  country  is  frequently 
pursued  for  great  distances  through  the  water. 

The  large  herbivorous  animals,  which  are  gregarious,  can  never 
remain  long  in  a  confined  region,  as  they  consume  so  much  vegetable 
food.  The  immense  herds  of  bisons  {Boi  Antmeanus)  whidi  often, 
\u  the  great  valleys  of  the  Mississippi  and  its  tributaries  blacken  the 

^Buffon,  voL  V.  p.  204. 

t  Sir  T.  D.  Lauder,  Bart,  on  the  Floods  in  Mocayrfure^  AugL  169^  p.  90% 
second  sditioD. 
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aur&oe  of  the  praiiie  lands,  are  oontinnallj  ahifting  their  quarteni 
followed  by  wolves,  which  prowl  aboat  ia  their  rear.  *^  It  is  no  sjuhj^* 
geration,"  says  Mr.  James,  ^  to  assert,  that  in  one  place,  on  the  banks 
of  the  Platte,  at  least  ten  thousand  bisons  burst  on  our  sight  in  an 
instant.  In  the  morning,  we  again  sought  the  living  picture;  but 
upon  all  the  plain,  which  last  evening  was  so  teeming  with  noble 
animals,  not  one  remained,*^ 

Minatory  insHncU^ — ^Besides  the  disposition  oonimon  to  the  indi- 
viduals of  every  species  slowly  to  extend  their  range  in  search  of  food, 
in  proportion  as  their  numbers  angmenti  a  migratory  instinct  often 
developes  itself  in  an  extraordinary  manner,  when,  after  an  unusually 
prolific  season,  or  upon  a  sudden  scarcity  of  provisions,  great  multi 
tudes  are  threatened  by  famine.  It  may  be  useful  to  enumerate  some 
examples  of  these  migrations,  because  they  may  put  us  upon  our 
guard  against  attributing  a  high  antiquity  to  a  particular  species  merely 
because  it  is  diffused  over  a  great  spac^ ;  they  show  clearly  how  soon, 
in  a  state  of  nature,  a  newly  created  species  might  spread  itself^  in  every 
<firection,  from  a  single  point. 

In  vexy  severe  winters,  great  numbers  of  the  black  bears  of  America 
migrate  from  Canada  into  the  United  States ;  but  in  milder  seasons, 
when  they  have  been  well  fed,  they  remain  and  hybemate  in  the  north,  f 
The  rein-deer,  which,  in  Scandinavia,  can  scarcely  exist  to  the  south  of 
the  sixty-fifth  parallel,  descends,  in  consequence  of  the  greater  coldness 
of  the  dimate,  to  the  fiftieth  degree  in  Chinese  Tartary,  and  often  roves 
into  a  country  of  more  southern  latitude  than  any  part  of  England. 

In  Lapland,  and  other  high  latitudes,  the  common  squirrels,  whenever 
they  are  compelled,  by  want  of  provisions,  to  quit  their  usual  abodes, 
migrate  in  amazing  numbers,  and  travel  directly  forwards,  allowing 
neither  rocks  nor  forests,  nor  the  broadest  waters,  to  turn  them  from  their 
course.  Great  numbers  are  often  drowned  in  attempting  to  pass  friths 
and  rivers.  In  like  manner  the  small  Norway  rat  sometimes  pursues 
its  migrations  in  a  straight  line  across  rivers  and  lakes ;  and  Pennant 
informs  us,  that  when  the  rats,  in  Eamtschatka,  become  too  numerous, 
they  gather  together  in  the  spring,  and  proceed  in  great  bodies  west- 
ward, swimming  over  rivers,  lakes,  and  arms  of  the  sea.  Many  are 
drowned  or  destroyed  by  water-fowl  or  fish.  As  soon  as  they  have 
crossed  the  river  Penginsk,  at  the  head  of  the  gulf  of  the  same  name, 
they  turn  southward,  and  reach  the  rivers  Judoma  and  Okotsk  by  the 
middle  of  July ;  a  district  more  than  800  miles  distant  from  their  point 
of  departure. 

The  lemings,  also,  a  smal}  kind  of  rat,  are  described  as  natives  of  the 
mountains  of  Kolen,  in  Lapland ;  and  once  or  twice  in  a  quarter  of  a 
century  they  appear  in  vast  numbers,  advancing  along  the  ground,  and 
"devouring  every  green  thing."    Innumerable  bands  naarch  from  the 

*  Expedition  from  Fittsbai^  to  tbs  Beoky  MountaiM,  voL  ii.  pi  1<^ 
t  RichArdBon's  Faima  Boreali-Amerioana,  p.  16. 
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Koleo,  throngli  Nordland  and  Finmark,  to  the  Weatem  Ocean,  which 
they  immediately  enter ;  and  after  swinmiing  about  for  some  time,  nensL 


TIm  Lemiiif  ,  or  Lapland  MannoC  (Mna  Lciuiiia,  Lian.) 

Other  bands  take  their  route  through  Swedish  Lapland,  to  the  Bothniin 
Gulf;  where  they  are  drowned  in  the  same  manner.  They  are  followed 
in  their  journeys  by  bears,  wolves,  and  foxes,  which  j  rey  upon  them  in- 
cessantly. They  generally  move  in  lines,  which  are  about  three  feet 
from  each  other,  and  exactly  parallel,  going  directly  forward  througt 
rivers  and  hikes ;  and  when  they  meet  with  stacks  of  hay  or  corn,  gush- 
ing their  way  through  them  instead  of  passing  round.*  These  excur 
sions  usually  precede  a  rigorous  winter,  of  which  the  lemings  seem  in 
some  way  forewarned. 

Vast  troops  of  the  wild  ass,  or  onager  of  the  ancients,  which  inhabit 
the  mountainous  deserts  of  Great  Tartary,  feed,  during  the  summer,  m 
the  tracts  east  and  north  of  Lake  Aral  In  the  autumn  they  collect  in 
herds  of  hundreds,  and  even  thousands,  and  direct  their  course  towards 
Persia,  to  enjoy  a  warm  retreat  during  winter.f  Bands  of  two  or  three 
hundred  quaggas,  a  species  of  wild  ass,  are  sometimes  seen  to  migrate 
from  the  tropical  plains  of  southern  Africa  to  the  vicinity  of  the  Malale- 
veen  River.  During  their  migrations  they  are  followed  by  lions,  who 
slaughter  them  night  by  night.{ 

The  migratory  swarms  of  the  springbok,  or  Cape  antelope,  afford 
another  illustration  of  the  rapidity  with  which  a  species  under  certain 
circumstances  may  be  diffused  over  a  continent  When  the  stagnant 
pools  of  the  immense  deserts  south  of  the  Orange  River  dry  up,  wbici 
often  happens  aflter  intervals  of  three  or  four  years,  myriads  of  these  ani- 
mals desert  the  parched  soil,  and  pour  down  like  a  deluge  on  the  culti- 
vated regions  near  the  Cape.  The  havoc  committed  by  them  resembles 
that  of  the  African  locusts ;  and  so  crowded  are  the  herds,  that  **the 
lion  has  been  seen  to  walk  in  the  midst  of  the  compressed  phalanx  with 
only  as  much  room  between  him  and  his  victims  as  the  fears  of  those 
immediately  around  could  procure  by  pressing  outwards.^ 

•  Pha  Trftn&,  voL  ii  p.  872. 

+  Wood's  Zoography,  voL  i  p.  11. 

X  On  the  authority  of  Mr.  Campbell.  Library  of  Enteri  Know.,  MenageriA 
vol.  L  p.  162. 

§  Cuvier's  Animal  Kin^om  by  Griffitha^  voL  il  p.  109.  library  of  Entertain- 
ing Knowledge^  Menagenea^  vol  i.  p.  866. 
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Dr.  Horsfield  mentions  a  singular  fact  in  regard  to  the  geographical 
distribution  of  the  Mydaus  melicepSy  an  animal  intermediate  between 
the  polecat  and  badger.  It  inhabits  Java,  and  is  ^'  confined  exclusiyelj 
to  those  mountains  which  have  an  elevation  of  more  than  se^en  thousand 
feet  above  the  level  of  the  ocean ;  on  these  it  occurs  with  the  same  regu- 
larity as  many  plants.  The  long  extended  surface  of  Java,  abounding 
with  conical  points  which  exceed  this  elevation,  affords  many  places 
favorable  for  its  resort  On  ascending  these  mountains,  the  traveller 
scarcely  fails  to  meet  with  this  animal,  which,  from  its  peculiarities,  is 
universally  known  to  the  inhabitants  of  these  elevated  tracts,  while  to 
those  of  the  plains  it  is  as  strange  to  an  animal  from  a  foreign  county. 


Mydaofl  melicept,  or  bafdgtr-hesded  Mjdaoi.    Length,  iaclndinf  the  tail,  18  inehM. 

In  my  visits  to  the  mountainous  districts,  I  uniformly  met  with  it ;  and, 
as  far  as  the  information  of  the  natives  can  be  relied  on,  it  is  found  on 
all  the  mountains."* 

Now,  if  asked  to  conjecture  how  the  Mydaus  arrived  at  the  elevated 
regions  of  each  of  these  isolated  mountains,  we  might  say  that,  before 
the  island  was  peopled  by  man,  by  whom  their  numbers  are  now 
thinned,  they  may  occasionally  have  multiplied  so  as  to  be  forced  to 
collect  together  and  migrate :  in  which  case  notwithstanding  the  slow- 
ness of  their  motions,  some  few  would  succeed  in  reaching  another 
mountain,  some  twenty,  or  even,  perhaps,  fifty  miles  distant ;  for  although 
the  climate  of  the  hot  intervening  plains  would  be  unfavourable  to  them, 
they  might  support  it  for  a  time,  and  would  find  there  abundance  of 
insects  on  which  they  feed.  Volcanic  eruptions,  which,  at  different 
times  have  covered  the  summits  of  some  of  those  lofty  cones  with  sterile 
sand  and  ashes,  ma*^  have  occasionaUy  contributed  to  force  on  these 
migrations. 

Drifting  of  animals  on  ice-Jloes. — ^The  power  of  the  terrestrial  mam- 
malia to  cross  the  sea  is  very  limited,  and  it  was  before  stated  that  the 
same  species  is  scarcely  ever  common  to  districts  widely  separated  by 
the  ocean.  If  there  be  some  exceptions  to  this  rule,  they  generally 
admit  of  explanation ;  for  there  are  natural  means  whereby  some  animals 
may  be  floated  across  the  water,  and  the  sea  may  in  the  course  of  ages 

•  HoMfield,  Zoological  Researehes  in  Java,  No.  iL,  from  which  the  figure  i 
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wear  a  wide  paasage  tlirough  a  neok  of  land,  learing  individiub  of  a 
-  species  on  each  side  of  the  new  channeL  Polar  bean  are  known  to 
hare  been  frequently  drifted  on  the  ioe  from  Greenland  to  Tofiland ;  thej 
can  also  swim  to  considerable  distances^  for  Captain  Panj,  on  tho  ntnn 
of  his  ships  through  Barrow's  Straits,  met  with  a  bear  swimming  in  the 
water  about  midway  between  the  shores,  which  were  about  fi>rlj  miles 
apart,  and  where  no  ice  was  in  sight,*  **  Near  the  east  coast  of  Green- 
land,"  observes  Scoresbj,  ^they  have  been  seen  on  the  ioe  in  sndt 
quantities,  that  they  were  compared  to  flocks  of  sheep  on  a  oomnon; 
and  they  are  often  found  on  field-ioe,  above  two  hundred  miles  fiora  the 
shore"!  Wolves,  in  the  arctic  regions,  often  venture  upon  the  ios  near 
the  shore,  for  the  purpose  of  preying  upon  young  seals  which  thc^  anr- 
prise  when  asleep.  When  these  ice-floes  get  detached,  the  wolves  are 
often  carried  out  to  sea ;  and  though  some  may  be  drifted  to  islands  or 
continents,  the  greater  part  of  them  perish,  and  have  been  often  heard 
in  this  situation  howling  dreadfully,  as  they  die  by  fiunine.^ 

During  the  short  summer  which  visits  MelviUe  Island,  various  plants 
push  forth  their  leaves  and  flowers  the  moment  the  snow  is  off  the 
ground,  and  form  a  carpet  spangled  with  the  most  lively  colours.  These 
secluded  spots  are  reached  annually  by  herds  of  musk-oxen  and  rein- 
deer, whidi  travel  immense  distances  over  dreaiy  and  desolate  regions, 
to  graze  undisturbed  on  these  luxuriant  pastures.§  The  rein-deer  often 
pass  along  in  the  same  manner,  by  the  chain  of  the  Aleutian  Islands^ 
from  Behring's  Straits  to  Eamtschatka,  subsisting  on  the  moss  found  in 
these  islands  during  their  pas8age.|  But  the  musk-ox,  notwithstanding 
its  migratory  habits,  and  its  long  journeys  over  the  ice,  does  not  exist 
either  in  Asia  or  Greenland.^ 

On  Jloating  islands  of  drift-wood. — Within  the  tropics  there  are  no 
ice-floes ;  but,  as  if  to  compensate  for  that  mode  of  transportation,  there 
are  floating  islets  of  matted  trees,  which  are  often  borne  along  through 
considerable  spaces.  These  are  sometimes  seen  sailing  at  the  distance 
of  fifty  or  one  hundred  miles  from  the  mouth  of  the  Ganges,  with  living 
trees  standing  erect  upon  them.  The  Amazon,  the  Congo,  and  the 
Orinoco,  also  produce  these  verdant  rafts,  which  are  formed  in  the 
manner  already  described  when  speaking  of  the  great  raft  of  the  Atcha- 
fiedaya,  an  arm  of  the  Mississippi,  where  a  natural  bridge  of  timber,  ten 
miles  long,  and  more  than  two  hundred  yards  wide,  existed  for  more 
than  forty  years,  supporting  a  luxuriant  vegetation,  and  rising  and 
sinking  with  the  water  which  flowed  beneath  it 

On  these  green  islets  of  the  Mississippi,  observes  Malte-Bmn,  young 
trees  take  root,  and  the  pistia  and  nenuphar  display  their  yellow 


*  Append,  to  Panr's  fieoond  Voysge,  yean  1819-801 

IAeoonnt  of  the  Arctio  Region^  vol.  l  p.  518. 
Turton  in  a  note  to  Goldsmith's  Nat  Hist,  vol  ill  p.  4S. 
Supplement  to  Parry's  First  Voyage  of  Piscoyery,  p.  189 
Golaman's  American  Nat  Hist  yoI  L  p.  8S. 
Br.  Richardson,  Brit  Assoc.  Report^  yoL  t.  p.  IdL 


Gb-xxxvul]  on  floating  islands.  641 

jfiowen:  serpentsi  birds,  and  the  cayman  alligator,  come  to  repose 
there,  and  ail  are  sometimes  carried  to  the  sea  and  engulphed  in  its 
waters.* 

6pix  and  Martins  relate  that,  during  their  travels  in  Brazil,  thej  were 
exposed  to  great  danger  while  ascending  the  Amazon  in  a  canoe,  from 
the  vast  quantity  of  drift-wood  constantly  propelled  against  them  by 
the  current ;  so  much  so,  that  their  safety  depended  on  the  crew  being 
always  on  the  alert  to  turn  aside  the  trunks  of  trees  with  long  poles. 
The  tops  alone  of  some  trees  appeared  above  water,  others  had  their 
roots  attached  to  them  with  so  much  soil  that  they  might  be  compared 
to  floating  islets.  On  these,  say  the  travellers,  we  saw  some  very 
singuLir  assemblages  of  animals,  pursuing  peacefully,  their  uncertain 
way  in  strange  c(«ipanionship.  On  one  raft  were  several  grave-looking 
storks,  perched  by  the  side  of  a  party  of  monkeys,  who  made  comical 
gestures,  and  burst  into  loud  cries,  on  seeing  the  canoe.  On  another 
was  seen  a  number  of  ducks  and  divers,  sitting  by  a  group  of  squirrels. 
Next  came  down  upon  the  stem  of  a  large  rotten  cedar  tree,  an  enormous 
crocodile,  by  the  aide  of  a  tiger-cat,  both  animals  regarding  each  other 
with  hostility  and  mistrust,  but  the  saurian  being  evidently  most  at  his 
ease,  as  conscious  of  his  superior  strength*! 

Similar  green  rafbi,  pnncipally  composed  of  canes  and  brushwood, 
are  called  ** camelotes"  on  the  Parana  in  South  America;  and  they  are 
occasionally  carried  down  by  inundations,  bearing  on  them  the  tiger, 
cayman^  squirrels,  and  other  quadrupeds,  which  are  said  to  be  always 
terror^tricken  on  their  floating  habitation.  No  less  than  four  tigers 
(pumas)  were  landed  in  this  mannner  in  one  night  at  Monte  Video,  lat, 
35^  S^  to  the  great  alarm  of  the  inhabitants,  who  found  them  prowling 
about  the  streets  in  the  morning. J 

In  a  memoir  lately  publish^  a  naval  officer  relates  that,  as  he 
returned  from  China  by  the  eastern  passage,  he  fell  in,  among  the  Mo- 
luccas, with  several  small  floating  islands  of  this  kind,  covered  with  man- 
grove trees  interwoven  with  underwood.  The  trees  and  shrubs  retained 
their  verdure,  receiving  nourishment  from  a  stratum  of  soil  which  formed 
a  white  beach  round  the  margin  of  each  raft,  where  it  was  exposed  to 
the  washing  of  the  waves  and  the  rays  of  the  sun.§  The  occurrence 
of  soil  in  .such  situations  may  easily  be  explained ;  for  all  the  natural 
Inidges  of  timber  which  occasionally  connect  the  islands  of  the  Ganges, 
Mississippi,  and  other  rivers,  with  their  banks,  are  exposed  to  floods  of 
water,  densely  charged  with  sediment. 

Captain  W.  H.  Smyth  informs  me,  that,  when  cruiring  in  the  Com- 
walliB  amidst  the  Philippine  Islands,  he  has  more  than  once  seen,  after 
those  dreadful  hurricanea  called  typhoons,  floating  masses  of  wood,  with 

•  System  of  0e<^aphy,  vol.  v.  p.  167. 

{Spiz  and  Martnu,  Reise,  <kc,  vol.  iii.  pp.  1011.  1018. 
6ir  W.  Paiish'a  Buenos  Ayr^i^  p.  187^  snd  Eobertwm's  Lettew  on  Fa% 
gaaj,  p.  220. 
g  United  fiervioa  Journal,  Na  aodv.  p.  697. 

41 


642  laoBATiONS  of  the  cetacea.       [OlXxxvul 

trees  growing  upon  them,  and  ships  hare  sometiines  been  in  iminiiieot 
peri],  as  often  as  these  islands  were  nustaken  for  terra  finna,  when,  in 
hct^  they  were  in  rapid  motion. 

It  is  highly  interesting  to  trace,  in  imagination,  the  effects  of  the 
passage  of  these  rafts  from  the  mouth  of  a  large  river  to  some  archi- 
pelago, such  as  those  in  the  South  Pacific,  raised  from  the  deep,  in  com- 
paratirely  modem  times,  by  the  operations  of  the  volcano  and  the  earth- 
quake, and  the  joint  kbours  of  coral  animals  and  testacea.    If  a  stonn 
arise^  and  the  fraXL  vessel  be  wrecked,  still  many  a  bird  and  insect  may 
succeed  in  gaining,  by  flighty  some  island  of  the  newly  formed  group, 
while  the  seeds  and  berries  of  herbs  and  shrubs,  which  fall  into  the 
waves,  may  be  thrown  upon  the  strand.    But  ^  the  surOace  of  the  de^ 
be  calm,  and  the  rafts  are  carried  along  by  a  current,  or  waf^  by  some 
slight  breath  of  air  fimning  the  foliage  of  the  green  trees,  it  may  arrive, 
after  a  passage  of  several  weeks,  at  the  bay  of  an  isUnd,  into  which  its 
plants  and  animals  may  be  poured  out  as  from  an  ark,  and  thus  a  colony 
of  several  hundred  new  species  may  at  once  be  naturalized. 

The  reader  should  be  reminded,  that  I  merely  advert  to  the  transpor- 
tation of  these  rafts  as  of  extremely  rare  and  accidental  occurrence ;  but 
it  may  account,  in  tropical  countries,  for  some  of  the  rare  exceptioiB  to 
the  general  law  of  the  confined  range  of  mammiferous  species. 

MigratiofM  of  the  Cetacea, — Many  of  the  Cetacea,  the  whales  of  the 
northern  seas  for  example,  are  found  to  desert  one  tract  of  the  sea,  and 
to  visit  another  very  dktant,  when  they  are  urged  by  want  of  food,  or 
danger.  The  seals  also  retire  from  the  coast  of  Greenland  in  July,  return 
again  in  September,  and  depart  again  in  March,  to  return  in  June.  They 
proceed  in  great  droves  northwards,  directing  their  course  where  the  sea 
is  most  free  from  ice,  and  are  observed  to  be  extremely  fat  when  they 
set  out  on  this  expedition,  and  very  lean  when  they  come  home  again.* 

Species  of  the  Mediterranean^  Black  Sea^  and  Caspian  identicaL — 
Some  naturalists  have  wondered  that  the  sea-calves,  dolphins^  and  other 
marine  mammalia  of  the  Mediterranean  and  Black  Sea,  should  be  iden- 
tical with  those  found  in  the  Caspian :  and  among  other  firndfiil  theories, 
they  have  suggested  that  they  may  dive  through  subterranean  conduits, 
and  thus  pass  from  one  sea  into  the  other.  But  as  the  occurrence  of 
wolves  and  other  noxious  animals,  on  both  sides  of  the  British  Channel, 
was  adduced,  by  Verstegan  and  Desmarest,  as  one  of  many  arguments 
to  prove  that  England  and  France  were  once  united ;  so  the  correspon- 
dence of  the  aquatic  species  of  the  inland  seas  of  Asia  with  those  <^  the 
Black  Sea  tend  to  confirm  the  hypothesis,  for  which  there  are  abundance 
of  independent  geological  data,  that  those  seas  were  connected  together 
by  straits  at  no  remote  period  of  the  earth's  history. 

Oeo^raphical  Distrihution  and  Mi^ratums  of  Birds. 

I  shall  now  offer  a  few  observations  on  some  of  the  other  dividooa  ol 

'  Kninti;  vol  i  p.  129.,  cited  by  Goldsmith,  Nat  H^t^  vol  iii.  p.  S60. 
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the  animal  kingdom.  Birds,  notwithstanding  their  great  locomotive 
powers,  form  no  exception  to  the  general  rules  already  laid  down ;  but^ 
in  this  class,  as  in  plants  and  terrestrial  quadrupeds,  different  groups  of 
species  are  circumscribed  within  definite  limits.  We  find,  for  example, 
due  assemblage  in  the  Brazils,  another  in  the  same  latitudes  in  Central 
Africa,  another  in  India,  and  a  fourth  in  New  Holland.  Of  twenty^ix 
different  species  of  land  birds  found  in  the  Galapagos  archipelago,  all, 
with  the  exception  of  one,  are  distinct  from  those  inhabiting  other  parts 
of  the  globe;*  and  in  other  archipelagos  a  single  island  sometimes  con- 
tains a  species  found  in  no  other  spot  on  the  whole  earth ;  as  is  exem- 
plified in  some  of  the  parrot  tribes.  In  this  extensive  femilj,  which  are, 
with  few  exceptions,  inhabitants  of  tropical  regions,  the  American  group 
has  not  one  in  common  with  the  African,  nor  either  of  these  with  the 
Darrots  of  India.f 

Another  illustration  is  afforded  hj  that  minute  and  beautiful  tribe, 
the  humming-birds.  The  whole  of  them  are,  in  the  first  place,  peculiar 
to  the  new  world ;  but  some  species  are  confined  to  Mexico,  while 
others  exist  onlj  in  some  of  the  West  India  ilslands,  and  hare  not 
been  found  elsewhere  in  the  western  hemisphere.  Yet  there  are  spe- 
cies of  this  fiunily  which  have  a  vast  range,  as  the  Trochilus  Jlam- 
mifrons  (or  MeUisuga  Kingii)^  which  is  found  over  a  space  of  2500 
miles  on  the  west  coa^t  of  South  America,  from  the  hot  dry  country 
of  Lima  to  the  humid  forests  of  Tierra  del  Fuego.  Captain  King, 
during  his  survey  in  tbe  years  1826-30,  found  this  bird  at  the  Straits 
of  Magellan,  in  the  month  of  May — the  depth  of  winter— sucking  the 
flowers  of  a  large  species  of  fuchsia,  then  in  bloom,  in  the  midst  of  a 
shower  of  snow. 

The  ornithology  of  our  own  country  affords  one  well-known  and 
striking  exemplification  of  the  law  of  a  limited  specific  range ;  for  the 
common  grouse  {Tetra  scoticus)  occurs  nowhere  in  the  known  world 
except  in  the  British  isles. 

Some  species  of  the  vulture  tribe  are  said  to  be  cosmopolites;  and 
the  common  wild  goose  (Anas  anser,  Linn.),  if  we  may  believe  some 
ornithologists,  is  a  general  inhabitant  of  the  globe,  being  met  with  from 
Lapland  to  the  Cape  of  Good  Hope,  frequent  in  Arabia,  Persia,  China, 
and  Japan,  and  in  the  American  continent  from  Hudson^s  Bay  to  South 
Carolina.;^  An  extraordinary  range  has  also  been  attributed  to  the 
nightingale,  which  extends  from  western  Europe  to  Persia,  and  still  far- 
ther. In  a  work  entitled  Specchio  Comparativo,§  by  Charles  Bonaparte, 
many  species  of  birds  are  enumerated  as  common  to  Rome  and  Phila- 
delphia :  the  greater  part  of  these  are  migratory,  but  some  of  them, 
such  as  the  long-eared  owl  {Strix  ottu),  are  permanent  in  both  countries. 
The  correspondence  of  the  ornithological  fauna  of  the  eastern  and 

*  Darwin's  Journal,  Ae^  p.  461. 

+  Prichard,  vol  L  p.  47. 

z  Bewick*s  Birda,  vol  ii  p.  294.,  who  cites  Latham, 

§  PLrii,  1827  (not  sold). 
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western  hemispheres  increases  considerably,  as  might  have  beea  a&tici' 
patedf  in  high  northern  latitudes.  * 

Their*  faoiUtiei  of  difuskm^-^ln  parallel  zones  of  the  nortlieni  and 
southern  hemispheres,  a  great  general  correspcHidence  of  form  is 
observablei  both  in  the  aquatic  and  teneBtiial  birds ;  but  there  ia  larelj 
any  specific  identity ;  and  this  phenomenon  is  truly  remaricable,  when 
we  recollect  the  readiness  with  which  some  birds,  not  gifted  with  great 
powers  of  flight,  shift  their  quarters  to  different  regions,  and  the  £ua- 
lity  with  which  others,  possessing  great  strength  of  wing,  perfonn  their 
aerial  voyage.  Some  migrate  periodically  from  high  latitudes,  to  avoid 
the  cold  of  winter,  and  the  accompaniments  of  cold, — scarcity  of  insects 
and  vegetable  food;  others,  it  is  said,  for  some  particular  kinda  of  nutri- 
ment required  for  rearing  their  young:  for  this  purpose  they  often  tra- 
verse the  ocean  for  thousands  of  miles,  and  recroas  it  at  other  periods, 
with  equal  security. 

Periodical  migrations,  no  less  regular,  are  mentioned  by  Humboldt, 
of  many  American  water-fowl,  from  one  part  of  the  tropics  to  anofh^, 
in  a  zone  where  there  is  the  same  temperature  throughout  the  year. 
Immense  flights  of  ducks  leave  the  valley  of  the  Orinooo,  when  the 
increasing  depth  of  its  waters  and  the  flooding  of  its  shores  prevent 
them  from  catching  fish,  insects,  and  aquatic  worms.  They  tlien  betake 
themselves  to  the  Rio  Negro  and  Amazon,  having  passed  from  the 
eighth  and  third  degrees  of  north  latitude  to  the  first  and  fourth  ef  south 
latitude,  directing  their  course  south-south-east  In  September,  when 
the  Orinoco  decreases  and  re-enters  its  channel,  these  birdi  return  north- 
wards.! 

The  insectivorous  swallows  which  visit  our  island  would  perish  during 
winter,  if  they  did  not  annually  repair  to  warmer  climes.  It  is  supposed 
that  in  these  aerial  excursions  the  average  rapidity  of  their  fl'^ht  is  not 
less  than  fifty  miles  an  hour ;  so  that,  when  aided  by  the  wind,  they 
soon  reach  warmer  latitudes.  Spallanzani  calculated  that  the  swallow 
can  fly  at  the  rate  of  ninety-two  miles  an  hour,  and  conceived  that  the 
rapidity  of  the  swift  might  be  three  times  greater.^  The  rate  of  flight 
of  the  eider  duck  {AndS  moUissima)  is  said  to  be  ninety  .miles  an  hour; 
and  Bachman  says  that  the  hawk,  wild  pigeon  {Columba  miffrcUoria)^ 
and  several  species  of  wild  ducks,  in  North  America,  fly  at  the  rate  of 
forty  miles  an  hour,  or  nearly  a  thousand  miles  in  twenty-four  hours.  § 

When  we  reflect  how  easily  difierent  species,  in  a  gteat  lapse  of  ages, 
may  be  each  overtaken  by  gales  and  hurricanes,  and,  abandoning  them- 
selves to  the  tempest,  be  scattered  at  random  through  rarioW  regions 
of  the  earth's  surface,  where  the  temperature  of  the  atmosphere,  the 
vegetation,  and  the  animal  productions,  might  be  suited  to  their  wants, 
we  shall  be  prepared  to  find  some  species  eaprioioualytdifltiibated,  and 

*  Bachman,  Silliman's  Amer.  Jonm.,  No.  61,  p.  92. 
j*  Voyage  anz  R^ons  Eauinoxialea^  tome  vii.  p.  429. 
i  Fleming,  PhiL  ZooL,  vpl.  ii  p.  48. 
3  Silliman'a  Amer.  Jonm.,  No.  61.  p.  88. 
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to  be^  sometimes  unable  to  determine  the  native  countries  of  each; 
Captain  8myth  informs  me,  that,  when  engaged  in  his  snrvey  of  the 
Mediterranean!  he  enoountered  a  gale  in  the  Gnlf  of  Lyons,  at  the  dish 
tance  of  between  twenty  and  thirty  leagues  from  the  coast  of  France, 
which  bore  along  many  land  birds  of  various  species,  some  of  which 
alighted  on  the  ship,  wUle  others  were  thrown  witJi  violence  against  the 
sails.  In  this  manner  islands  become  tenanted  by  species  of  birds 
inhabiting  the  nearest  mainland. 

Oeograpkical  DUtribuHon  and  DisteminaHon  of  lUptiles. 

A  few  facts  respecting  the  third  great  class  of  vertebrated  animals 
will  suffice  to  show  that  the  plan  of  nature  in  regard  to  their  location 
on  the  globe  is  perfectly  analogous  to  that  already  exemplified  in  other 
parts  of  the  organic  creation,  and  has  probably  been  determined  by 
similar  causes. 

habitations  of  reptUes.-^Oi  the  great  saurians,  the  gavials  which 
inhabit  the  Gangies  differ  from  the  cayman  of  America,  or  the  crocodile 
of  the  Nile.  The  monitor  of  New  Holland  is  specifically  distinct  from 
the  Indian  species ;  these  latter,  a^ain,  from  the  African,  and  all  from 
their  congeners  in  the  new  worid.  bo  in  regard  to  snakes ;  we  find  the 
boa  of  America  represented  by  the  python,  a  different  though  nearly 
allied  genus  in  India.  America  is  the  country  of  the  rattlesnake ; 
Africa,  of  the  cerastes ;  and  Asia,  of  the  hooded  snake,  or  cobra  di 
capello.  The  amphibious  genera  Siren  and  Menopoma  belong  to  North 
America,  possessing  both  lungs  and  gills,  and  respiring  at  pleasure 
either,  air  or  water.  The  only  analogous  animal  of  the  old  worid  is 
the  Proteus  anguinus  of  the  lakes  of  Lower  Camiola,  and  the  grotto  of 
Adelsberg  between  Trieste  and  Vienna.* 

There  is  a  legend  that  St.  Patrick  expelled  all  reptiles  from  Ireland ; 
and  certain  it  is  that  none  of  the  three  species  of  snakes  common  in 
England,  nor  the  toad,  have  been  observed  there  by  naturalists.  They 
have  our  con^mon  frog,  and  our  water-newt,  and  according  to  Ray 
(Quad.  264.),  the  green  lizrird  {Lacerta  viridis). 

Migrations  of  the  larger  reptiles. — The  range  of  the  large  reptiles  is, 
in  general,  quite  as  limited  as  that  of  some  orders  of  the  terrestrial 
mammalia.  The  great  saurians  sometimes  cross  a  considerable  tract  in 
order  to  pass  from  one  river  to  another ;  but  their  motions  by  land  are 
generally  slower  than  those  of  quadrupeds.  By  water,  however,  they 
may  transport  themselves  to  distant  situations  more  easily.  The  larger 
alligator  of  the  Ganges  sometimes  descends  beyond  the  brackish  water 
of  the  delta  into  ih^  sea;  and  in  such  cases  it  might  chance  to  bo 
drifted  away  by  a  current,  and  survive  till  it  reached  a  shore  at  some 
distance ;  but  such  casualties  are  probably  very  rare. 

Turtles  migrate  in  large  droves  from  one  part  of  the  ocean  to  another 

•  Richardflon,  Brit  Aatoc,  Rep.,  v<^  v.  p,  208. 
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dttring  Uie  ovipoeiting  season ;  and  they  find  their  way  anmully  to  the 
island  of  Ascension,  from  which  the  nearest  land  is  about  800  milea 
distant.  Dr.  Fleming  mentions,  that  an  individnal  of  the  hawk^a  bill 
turtle  {Chelonia  imbricata)^  so  common  in  the  American  seas,  has  been 
taken  at  Papa  Stour,  one  of  the  West  Zetland  Islands  */  and,  according 
to  Sibbald,  ^  the  same  animal  came  into  Oikney.**  Another  was  taken, 
in  1774,  in  the  Severn,  according  to  Turton.  Two  instances,  also,  of 
the  occurrence  of  the  leathern  tortoise  (C  coriaeea)^  on  the  coast  of 
Cornwall,  in  1756,  are  mentioned  by  Borlase.  These  animals  of  more 
southern  seas  can  be  considered  only  as  stra^ers,  at^acted  to  our 
shores  during  uncommonly  warm  seasons  by  an  abundant  supply  of  food, 
or  carried  by  the  Gulf  stream,  or  driven  by  storms  to  high  latitudes. 

Some  of  the  smaller  reptiles  lay  their  eggs  on  aquatic  plants ;  and 
these  must  often  l>e  borne  rapidly  by  rivers,  and  conveyed  to  distant 
regions  in  a  manner  similar  to  the  dispersion  of  seeds  before  adverted  to. 
But  that  the  larger  ophidians  may  be  themselves  transported  across  the 
seas,  is  evident  from  the  following  most  interesting  account  of  the  arrival 
of  one  at  the  isknd  of  St.  Vincent.  It  is  worthy  of  being  recorded,  sap 
Mr.  Guilding,  "  that  a  noble  specimen  of  the  Boa  constrictor  was  laidiy 
conveyed  to  us  by  the  currents,  twisted  round  the  trunk  of  a  l&ige  sound 
cedar  tree,  which  had  probably  been  washed  out  of  the  bank  by  the 
floods  of  some  great  South  American  river,  while  its  huge  folds  hung  on 
the  branches,  as  it  waited  for  its  prey.  The  monster  was  fortunately 
destroyed  after  killing  a  few  sheep,  and  his  skeleton  now  hangs  before 
me  in  my  study,  putting  me  in  mind  how  much  reason  I  might  have  had 
to  fear  in  my  future  rambles  through  the  forests  of  St.  Vincent,  had  this 
formidable  reptile  been  a  pregnant  female,  and  escaped  to  a  safe  Tetreat.''t 
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Geographical  distributioa  and  migration  of  Fish^-of  Testacea^-of  Zoopbyt^s — 
Distribution  of  InsectB — ^Migratory  instincts  of  some  species — Certain  types 
characterize  particular  countries — Their  means  of  dissemination — Geographi- 
cal distribution  and  diffusion  of  man— Speculations  as  to  the  birth-place  of 
the  human  species— Progress  of  human  population — ^Drifting  of  canoes  to  vast 
distances — On  the  involuntary  influence  of  man  in  extending  the  range  of 
many  other  species. 

Geographical  Distribution  and  Migrations  of  Fish, 

Althouoh  we  are  less  acquainted  with  the  habitations  of  marine  animak 
than  with  the  grouping  of  the  terrestrial  species  before  described,  yet  it 

*  Brit  Animals,  P*  1^%  who  cites  Sibbald. 
t  ZooL  Jonm.  vol  iiL  p.  406.    Dec.  1827. 
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18  well  aBoertained  that  their  distribution  is  governed  by  the  same  general 
laws.  The  testimony  borne  by  MM.  Peron  and  Lesueur  to  this  important 
fiict  is  remarkably  strong.  These  eminent  naturalists,  after  collecting  and 
describing  many  thousand  species  of  marine  animals  which  they  brought 
to  Euro^  from  the  southern  hemisphere,  insist  most  emphatically  on 
their  distinctness  from  those  north  of  the  equator ;  and  this  remark  they 
extend  to  animals  of  all  classes,  from  those  of  a  more  simple  to  those  of 
a  more  complex  organization— from  the  sponges  and  Medusae  to  the 
Cetacea.  "  Among  all  those  which  we  have  been  able  to  examine,*'  say 
they,  '^  with  our  own  eyes,  or  with  regard  to  which  it  has  appeared  to  us 
possible  to  pronounce  with  certainty,  there  is  not  a  single  animal  of  the 
southern  regions  which  is  not  distinguished  ty  essential  characters  from 
the  analogous  species  in  the  northern  seas."* 

On  comparing  the  freshwater  fish  of  Europe  and  North  America,  Sir 
John  Richardson  remarks,  that  the  only  species  which  is  unequivocally 
common  to  the  two  continents  is  the  pike  (£l90X  lucitts) ;  and  it  is  curious 
that  this  fish  is  unknown  to  the  westward  of  the  Rocl^  Mountains,  the 
very  coast  which  approaches  nearest  to  the  old  continentf  According 
to  the  same  author  the  genera  of  freshwater  fish  in  China  agree  closely 
with  those  of  the  peninsula  of  India,  but  the  species  are  not  the  same. 
"  As  in  the  distribution,"  he  adds,  ^  of  marine  fish,  the  interposition  of  a 
contioent  stretching  from  the  tropics  &r  into  the  temperate  or  colder 
parts  of  the  ocean,  separate  difierent  ichthyological  groups ;  so  with  respect 
to  the  freshwater  species,  the  intrusion  of  arms  of  the  sea  running  far  to 
the  northwards,  or  the  interposition  of  a  lofty  mountain-chain,  effects  the 
same  thing.  The  freshwater  fish  of  the  Cape  of  Good  Hope  and  the 
South  American  ones,  are  different  from  those  of  India  and  China,  d;c'*| 

Cuvier  and  Valenciennes,  in  their  "  Histoire  des  Poissons,"  observe, 
that  very  few  species  of  fish  cross  the  Atlantic.  Although  their  state- 
ment is  correct,  it  is  found  that  a  great  many  species  are  common  to  the 
opposite  sides  of  the  Indian  Ocean,  inhabiting  alike  the  Red  Sea,  the 
eastern  coast  of  Africa,  Madagascar,  the  Mauritius,  the  Indian  Ocean, 
the  southern  seas  of  China,  the  Malay  archipelago,  the  northern  coasts 
of  Australia,  and  the  whole  of  Polynesia  !§  This  very  wide  difiiision, 
says  Sir  J.  Richardson,  may  have  been  promoted  by  chains  of  islands 
running  east  and  west,  which  are  wanting  in  the  deep  Atlantic.  An 
archipdago  extending  iar  in  longitude,  favours  the  migration  of  fish  by 
multiplying  the  places  of  deposit  for  spawn  along  the  shores  of  islands, 
and  on  intervening  coral  banks ;  and  in  such  places,  also,' fish  find  their 
appropriate  food. 

The  flying  fish  are  found  (some  stragglers  excepted)  only  between  the 
tropics :  in  receding  from  the  Ime,  they  never  approadi  a  higher  latitude 

•  Snr  leg  Habitations  des  Animaux  Marina.— Ann.  du  Miia,(tome.  xv.,  cit«dby 
Priohard,  Phys.  Hist  of  Mankind,  voL  i  p.  51. 
f  Brit  Assoc  Reports,  vol.  y.  p.  208.  * 

i  Report  to  the  Brit  Assoc,  1845»  p.  193. 
I  Richardson,  ibid,  p,  190. 
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than  the  fortieth  paraUeL  The  coune  of  the  Gulf  stream,  however,  and 
the  warmth  of  its  watery  enable  some  tropicai  fish  to  extend  ihsh  hahifta- 
tions  far  into  the  temperate  zone ;  thus  die  chastodons  which  abound  in 
the  seas  of  hot  dimates,  are  found  amon^  the  Bermudas  on  the  thirty- 
second  parallel,  where  they  are  preserred  in  basins  indoead  tarn'  the  sea, 
as  an  important  article  of  food  for  the  garrison  and  inhahitants.  Other 
fish,  fbllowiiig  the  direction  of  the  same  great  <»irrent,  range  £K»n  tiie 
coast  of  Brazil  to  the  banlcs  of  Newfoundland.* 

All  are  aware  that  there  are  certain  3&h  of  passage  which  have  their 
periodical  migrations^  like  some  tribes  of  birds.  The  salmon,  tovaids 
the  season  of  spawning,  ascends  the  liveia  fer  .hundreds  of  miles,  kapii^ 
up  the  cataracts  which  it  meets  in  its  course,  and  then  retreats  again 
into  the  depths  of  the  ocean.  The  herring  and  ih^  haddock,  after  ^e- 
quenting  certain  shores,  in  yast  shoals,,  for  a  series  of  years,  daaert  them 
again,  and  resort  to  other  stataons,  followed  by  the  spedes  which  prery  on 
them.  Eds  are  said  to  descend  into  the  sea  for  the  pnipoae  of  piodocii^ 
their  young,  which  are  seen  returning  into  the  fredi  water  by  myriad^ 
extremdy  small  in  size,  but  possessing  the  power  of  surmounting  eveiy 
obstade  which  occurs  in  the  course  of  a  river,  by  applying  their  diray 
and  glutinous  bodies  to  the  suifaoe  of  rocks,  or  the  gates  of  a  )ockj  even 
when  dry,  and  so  dimbing  over  it.f  Before  the  year  1800  there  were  no 
eels  in  Lake  Wener,  the  laigest  inland  lake  in  Sweden,  which  dischaiges 
its  waters  by  the  celebrated  cataracts  of  Trolhftttan.  But  I  am  infismed 
by  Professor  Nilsson,  that  since  the  canal  was  opened  uniting  the  river 
Gotha  with  the  lake  by  a  series  of  nine  looks,  each  of  great  hei^it,  eds 
liave  been  observe  in  abundance  in  the  lake.  It  appears,  therefore,  that 
though  they  were  unable  to  ascend  the  falls,  they  have  made  their  way 
by  the  locks,  by  which  in  a  very  short  space  a  difference  of  levd  of  114 
feet  is  overcome. 

GmeHn  says,  that  the  Anseres  (wild  geese,  ducks,  and  othen)  subsist 
in  their  migrations,  on  the  spawn  of  fish ;  and  that  ofkentimes,  when 
they  void  the  spawn,  two  or  three  days  a^rwards,  the  eggs  retain  their 
vitality  unimpa2red.|  When  there  are  many  disconnected  freshwater 
lakes  in  a  mountainous  r^on,  at  various  devations,  each  remote  fiom 
the  other,  it  has  often  be^  deemed  inconcdvable  how  ^ej  oould  all 
become  stocked  with  fish  from  one  common  source ;  but  it  has  been  sug^ 
gested,  that  the  minute  eggs  of  these  animals  may  sometimee  be  entan- 
gled in  the  feathers  of  waterfowl.  These,  when  ^ey  aMgfat  to  wadi 
and  plume  themselves  in  the  water,  may  c^n  unconsdoudy  ooa- 
tribute  to  propagate  swarms  of  fish,  which,  in  due  season,  will  sup|^ 
ihem  with  food.  Some  of  the  water-beetles;  also,  as  the  Dytioidc,  are 
amphibious,  and  in  the  evening  quit  their  lakes  and  pools,  and,  flying*in 
the  air,  transport  the  minute  ova  of  fishes  to  distant  waters.  In  this 
manner  some  naturalists  account  for  the  fry  of  fish  appearmg  ooeasioQ- 

♦  Sir  J.  Richardson,  ibid  p.  190.  f  Phil  TtaiiB.  I74t,  pi  895. 

t  AniOBn.  Aoad.,  Ebm^  1&. 
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ally  insniall  pooLi  oaimed  hyheBsry  rains^  bat  the  showers  of  small  fiali, 
stated  in  so  many  acootmis  to  have  &llen  ^from  the  alxaoepheie^  xequiie 
6r&er  investigatioiL        . 

Oeograpkicdl  Dhtnkttum  tmd  'Migratumi  cf  Tutatea. 

The  TestaoiMi,  of  whach  so  great  a  Yariely  of  species  oooim  in  the  sea, 
are  a  class  of  animals  of  peculiar  importance  to  the  geologist ;  because 
their  remains  are  found  in  strata  of  all  i^gea^  and  generally  in  a  higher 
state  of  preservation  than  those  of  other  organic  beings.  Climate  has 
a  decided  influence  on  the  geographical  distribution  of  species  in  this 
class ;  but  as  thei^  is  much  greater  unifbnnitj  of  temperature  in  the 
watets  of  the  ocean,  than  in  the  atmosphere  which  inyests  the  land,  the 
difiusion  of  marine  mollusks  is  on  the  whole  m<»:e  extensile. 

Some  forms  attain  their  fullest  development  in  warm  latitudes;  and 
are  often  exclusively  confined  to  the  tondd  z<»ie,  2»  NautUtiA^  HwrpOj 
Ter^Mlum,  FyrdmidellAy  Delphinula^  Asper^um^  Tridaenay  OueuUoea^ 
CrassateUa^  CorbiSj  P^ma,  and  Flicatula.  Other  forms  are  limited  to 
one  region  of  ^e  sea,  as  the  Trig<mu»  to  parts  of  Australia,  and  the 
Chncholepas  to  the  western  coast  of  South  America.  The  marine  species 
inhabiting  the  ocean  on  the  opposite  sides  of  the  nanrow  isthmus  of 
Panama,  are  found  to  diffiar  almost  entirely,  as  we  might  have  antici* 
pated,  since  a  West  Indian  mollusk  cannot  enter  the  £*a<afic  without 
coasting  round  South  America,  and  passing  through  the  inclement  cli- 
mate of  Cape  Horn.  The  continuity  of  the  existing  lines  of  continent 
from  north  to  south,  prevents  any  one  species  from  belting  the  globe,  or 
from  following  the  direction  of  the  isothennal  lines. 

Currents  also  flowing  permanently  in  certain  directions,  and  the  influx 
at  certain  points  of  great  bodies  of  fresh  water,  limit  the  extension  of 
many  species.  Those  which  love  deep  water  are  arrested  by  shoals; 
others,  fitted  for  shallow  seas,  cannot  migrate  across  un&thomable  abyss- 
es. The  nature  also  of  the  ground  has  an  important  influence  on  the 
testaceous  fauna,  both  on  the  land  and  boieath  the  waters.  Certain 
species  prefer  a  sandy,  others  a  gravelly,  and  some  a  muddy  sea-bottom. 
On  the  land,  limestone  is  of  all  rocks  the  most  favourable  to  the  number 
and  prop^ation  of  species  of  the  genera  HeUx,  Olafisilia,  Bulimus^  imd 
others.  Professor  £.  Forbes  has  shown  as  the  result  of  his  labours  in 
dredging  in  the  .dBgean  Sea,  tbat  there  are  eight  well-maxiced  regions  of 
depth,  each  characterized  by  its  peculiar  testaceous  fiiuna.  The  first  of 
these,  called  the  littoral  zone;  extends  to  a  depth  of  two  fathoms  only ; 
but  tiiis  narrow  belt  is  inhabited  by  more  than  one  hundred  species. 
The  second  region,  of  which  ten  ^Eidioms  is  the  inferior  limit,  is  almost 
equally  populous ;  and  a  copious  list  of  species  is  given  as  characteris- 
tic of  each  region  down  to  the  seventh,  which  lies  between  the  depths 
of  80  and  105  fathoms,  all  ihQ  inhabited  space  below  this  being  included 
in  the  eighth  provinoe,  where  no  less  than  65  species  of  Testacea  have 
been  taken.    The  majority  of  the  shells  in  this  lowest  zoskc  are  white  oi 
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transparent.    Only  two  species  of  MoUusea  are  common  to  all  the  eiglit 
legions,  namely,  Area  lactea  and  Cerithium  lima.* 

Cheat  range  of  eome  provinces  and  speeiee, — ^In  Europe  conchologtsts 
distinguish  between  the  arctic  &mia,  the  southern  boundaiy  of  whidi 
corresponds  with  the  isothermal  line  of  32^  F^  and  the  Celtic^  whidi, 
commencing  with  that  limit  as  its  northern  frontier,  extends  southwards 
to  the  mouth  of  the  English  Channel  and  Gape  Finistene,  in  France. 
From  that  point  begins  the  Lusitanian  fauna,  which,  according  to  the 
recent  observations  of  Mr.  M^Andrew  (1852),  ranges  to  the  Canarf 
IsUnds.  The  Mediterranean  province  is  distinct  from  all  thoae  above 
enumerated,  although  it  has  some  species  in  common  with  eacK 

The  Indo-Pacific  region  is  by  far  the  most  extensive  of  all.  It  reaches 
from  the  Red  Sea  and  the  eastern  coast  of  Africa,  to  the  Indian  Ardii- 
pelago,  and  adjoining  parts  of  the  Pacific  Ocean.  To  the  geologist  it 
furnishes  a  fact  of  no  small  interest,  by  teaching  us  that  one  group  <^ 
living  species  of  moUusca  may  prevail  throughout  an  area  exceeding  in 
magnitude  the  utmost  limits  we  can  as  yet  assign  to  any  assemblage  of 
contemporaneous  fossil  species,  Mr.  Cuming  obtained  more  than  a 
hundred  species  of  shells  from  the  eastern- coast  of  Africa  identical  wiUi 
those  collected  by  himself  at  the  Philippines  and  in  the  eastern  coral 
islands  of  the  Pacific  Ocean,  a  distance  equal  to  that  from  pole  to  polcf 

Certain  species  of  the  genus  lanihina  have  a  very  wide  rang^  being 
common  to  seas  north  and  south  of  the  equator.  They  are  all  provided 
with  a  beautifully  contrived  float,  which  renders  them  buoyant,  fedlitati]^ 
their  dispersion,  and  enabling  them  to  become  active  agents  in  dissemi- 
nating other  species.  Captain  King  took  a  specimen  of  laafUhinafragiUi, 
alive,  a  little  north  of  the  equator,  so  loaded  with  barnacles  {Pentdagndt) 
and  their  ova  that  the  upper  part  of  its  shell  was  invisible.  The  ^  Rock 
Whelk'*  {Purpura  lapillue\  a  well-known  British  univalve,  inhabits 
both  the  North  Atlantic  and  North  Pacific. 

Helix  putrid  {Succinea  putris^  Lam.),  so  common  in  Europe,  where  it 
reaches  from  Norway  to  Italy,  is  also  said  to  occur  in  the  United  Statss 
and  in  Newfoundland.  As  this  animal  inhabits  constantly  the  borders  of 
pools  and  streams  where  there  is  much  moisture,  it  is  not  impossible  that 
different  water-fowl  have  been  the  agents  of  spreading  some  of  its 
minute  eggs,  which^  may  have  been  entangled  in  their  feathers.  The 
freshwater  snail,  Zymneua  paluatriSj  so  abundant  in  English  ponds, 
ranges  uninterruptedly  from  Europe  to  Cashmere,  and  thence  to  the 
eastern  parts  of  Asia.  Helix  aspersa,  one  of  the  commonest  of  our 
larger  land-shells,  is  found  in  St  Helena  and  other  distant  countxies. 
Some  concholo^sts  have  conjectured  that  it  was  accidentally  imported  into 
St.  Helena  in  some  ship ;  for  it  is  an  eatable  species,  and  these  animals  are 
capable  of  retaining  life  during  long  voyages,  without  air  or  nourishment! 

*  Report  to  the  Brit  Assoc  1848,  p.  ISO. 

{Quart  Joum.,  6eo1.  Soc.,  1846,  toL  ii.  p.  268. 
Foar  individaals  of  a  large  Bpecies  of  land  shell  (Sulinna),  from  Valpandac^ 
were  brought  to  England  by  Lieutenant  Graves,  who  aeoompanied  Gaptaia 
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Perhaps  no  species  has  a  better  claim  to  be  called  cosmopolite  than 
one  of  our  British  bivalves,  Saxkava  rugowu  It  is  spread  oyer  all*  the 
north-polar  seas,  and  ranges  in  one  direction  through  Europe  to  Senegal, 
occurring  on  both  sides  of  the  Atlantic ;  while  in  another  it  finds  its  way 
into  the  North  Pacific,  and  thence  to  the  Indian  Ocean.  Nor  do  its 
migrations  cease  till  it  reaches  ih^  Australian  seas. 

A  British  brachiopod,  named  Terebratula  caput-^erpentUj  is  common^ 
according  to  Professor  £.  Forbes,  to  both  sides  of  the  North  Atlantic, 
and  to  the  South  African  and  Chinese  seas. 

Confined  range  (jf  other  species, — ^Mr.  Lowe,  in  a  memoir  published 
in  the  Cambridge  Transactions  in  1834,  enumerates  seventy-one  species 
of  land  Mollusca,  collected  by  him  in  the  islands  of  Madeira  and  Porto 
Santo,  sixty  of  which  belonged  to  the  genus  Helix  alone,  including  as 
sub-genera  Bulimus  and  Achatina,  and  excluding  Yitrina  and  Clausilia ; 
forty-four  <^  these  are  new.  It  is  remarkable  that  very  few  of  the 
above-mentioned  species  are  common  to  the  neighbouring  archipelago  of 
the  Canaries ;  but  it  is  a  still  more  striking  &ct,  that  of  the  sixty  species 
of  the  three  genera  above  mentioned,  thirty-one  are  natives  of  Porto 
Santo ;  whereas^  in  Madeira,  which  contains  ten  times  the  superficies, 
were  found  but  twenty-nine.  Of  these  only  four  were  common  to  the 
two  islands,  which  are  separated  by  a  distance  of  only  twelve  leagues ; 
and  two  even  of  these  four  (namely  ffelix  rkodosfoma  and  ff,  ventroea) 
are  species  of  general  diffusion,  common  to  Madeira,  the  Canaries,  and 
the  south  of  Europe.* 

The  confined  range  of  these  mollusks  may  easily  be  explained,  if  we 
admit  that  species  have  only  one  birth-place ;  and  the  only  problem  to  be 
solved  would  relate  to  the  exceptions — to  account  for  the  dissemination 
of  some  species  throughout  several  islands,  and  the  European  continent 
May  not  the  eggs,  when  washed  into  the  sea  by  the  undermining  of 
cli^  or  blown  by  a  storm  from  the  land,  fioat  uninjured  to  a  distant  shore ! 

Their  mode  of  diffusion. — ^Notwithstanding  the  proverbially  slow 
motion  of  snails  and  mollusks  in  general,  and  although  many  aquatic 
species  adhere  constantly  to  the  same  rock  for  their  whole  lives,  they  are 
by  no  means  destitute  of  provision  for  disseminating  themselves  rapidly 
over  a  wide  area.  '*  Some  Mollusca,"  says  Professor  K  Forbes^  ^  migrate 
in  their  larva  state,  for  all  of  them  undergo  a  metamorphosis  either  in  the 
egg  or  out  of  the  egg.  The  gasteropoda  commence  life  under  the  form 
of  a  small  spiral  shell,  and  an  animal  fiimished  with  ciliated  wings,  or 
lobes,  like  a  pteropod,  by  means  of  which  it  can  swim  freely,  and  in  this 
form  can  migrate  with  ease  through  the  sea.'^f 

Xing  in  his  expedition  to  the  Straits  of  Magellan.  They  had  been'paoked  np  in 
a  box,  and  enveloped  in  cotton :  two  for  a  space  of  thirteen,  one  for  seventeen, 
and  a  fourth  for  upwards  of  twenty  months :  but^  on  being  exposed  by  Mr. 
Broderip  to  the  warmth  of  a  fire  in  iJondon,  and  provided  with  tepid  water  and 
leaves,  they  revived,  and  lived  for  several  nuinths  in  Mr.  Loddiges'  palm-hona^^ 
tiU  accidentally  drowned. 

*  Gamb.  Ph&.  Trans.,  vol  iv.  1831. 

t  Edin.  New  PhiL  Joum.,  April  1844. 
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Weare  aecastoined  to  aaBociato  in  our  miads  the  idea  of  tlie greatest 
]ooomotire  poweit  with  the  most  mi^tare  and  pei^Mst  state  of  each 
species  of  inrertebrate  animal,  especially  when  they  mdeTgo  a  stties  of 
transfonnations ;  but  in  all  the  MoUnsca  the  reverse  is  izue.  The  yotrng 
fry  of  the  cockle,  for  example  (Oardium),  possess,  when  yonng  or  m  tlM 
larva  state,  an  apparatus  which  enables  them  both  to  swim  and  to  be 
carried  along  easily  by  a  marine  current    ^8ee  fig.  99.) 

These  email  bodies  here  represented,  which  bear  a  oonsideraUe 
resemblance  to  the  fiy  of  the  univalve,  or  gasterofiedous  shells  above 
mentioned,  are  so  minute  at  first  as  to  be  just  visible  to  the  naked  eye. 
They  begin  to  move  about  fiom  the  mdment  they  are  hotc^ied,  by  meaot 


nr'M> 


Tm  yonnr  fry  of  a  cockle  (Cardiura  prgmaam,)  from  Loren'a  KongL  Vtinkukxpu.  Akad** 

Handliiif,  1848. 
A,  The  jonug  just  hatched,  manifled  100  diamaUn.  B,  the  aamo  farther  advaaoed. 

a,  Tne  ciliated  organ  of  locomotion  with  ita  fllamentoaa  appandage  k, 

c,  The  rudimentary  intestine. 

d,  The  mdimentarjr  ahell. 

of  the  long  cilia,  a,  a,  placed  on  the  edges  of  the  locomotive  diflk  <^ 
velum.  This  disk  shrinks  up  as  they  increase  in  size,  and  gradtauj 
disappears,  no  trace  of  it  being  visible  in  the  perfect  animal. 

Some  species  of  shell-bearing  MoUusca  lay  their  e^s  in  a  sponge-K** 
nidus,  wherein  the  young  remain  enveloped  for  a  time  after  their  birtn; 
and  this  buoyant  substance  floats  far  and  wide  as  readily  as  sea-weed. 
The  young  of  other  viviparous  tribes  are  often  borne  along  entangi*^ » 
sea-weed.    Sometimes  they  are  so  light,  that,  like  grains  of  sand,  they 
can  be  easily  moved  by  currents.    Balani  and  Serpute  are  sometnncs 
found  adhering  to  floating  cocoa-nuts,  and  even  to  fragments  of  puDUO^* 
In  rivers  and  lakes,  on  the  other  hand,  aquatic  univalves  usually  *^^ 
their  eggs  to  leaves  and  sticks  which  have  fallen  into  the  water,  an 
which  are  liable  to  be  swept  away  during  floods,  from  tributaries  to  tne 
main  streams,  and  from  thence  to  all  parts  of  the  same  basins.    Particu- 
lar species  may  thus  migrate  during  one  season  from  the  head  w^'^ 
of  the  Mississippi,  or  any  other  great  river,  to  countries  bordering 
sea,  at  the  distance  of  many  thousand  miles. 

An  illustration  of  the  mode  of  attachment  of  these  eggs  will  be  seen 
in  the  annexed  cut     (Fig.  100.)  , 

,  The  habit  of  some  Testacea  to  adhere  to  floating  wood  is  V^^  \ 
their  fixing  themselves  to  the  bottoms  of  ships.  By  this  mode  of  conv  y 
ance  Mytilua  polymorphus,  previously  known  only  in  the  Danube 
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WoigSLy  may  have  been  bnMighi  to  the  Commercial  Docks  in  the  Thames, 
and  to  Hamburgh,  where  the  species  is  now  domiciled.  But  Mr.  Gray 
suggests  that  as  the  animal  is  known  to  have  the  faculty  of  living  for  a 
very  long  time  out  of  water,  it  is  more  probable  that  it  was  brought  in 
Russian  timber,  than  borne  uninjured  through  the  salt  water  at  the 
bottom  of  a  vessel.* 

A  lobster  (Astacus  marinus)  was  lately  taken  alive  covered  with  living 
mussels  (Mytilua  edulvi)\ ;  and  a  lai^  female  crab  {Cancer  paguru8\ 
covered  with  oysters,  and  bearing  also  Anqmia  ephippium,  and  Actiniae, 
was  taken  in  April,  1882,  off  the  English  coast  The  oyeters,  seven  in  num- 
ber, include  individuals  of  six  years'  growth,  and  the  two  largest  are  four 
inches  long  and  three  inches  and  a  half  broad.  Both  the  crab  and 
the  oysters  were  seen  alive  by  Mr,  Robert  Brown.| 

Tig,  lOQ 


Bgft  of  Freshwater  moUukf. 

f%.  1.  Sgvi  of  JimptOairia  ooato  (a  fluviatile  apeciea)  fljwd  to  a  imall  mptig  which  had  &Uea  into 

the  water. 
Fi|r  S.SggsofP2«MRK«tf^te«,  attached  to  a  dead  leaf  lying  under  water. 
Fig.  3.  Eggs  of  the  common  Limneiu  (Z«.  vulgarU)^  adhering  to  a  dead  stick  xinder  water. 

From  this  example  we  learn  the  manner  in  which  oysters  may  be 
diffused  over  every  part  of  the  sea  where  the  crab  wanders ;  and  if  they 
are  at  length  carried  to  a  spot  where  there  is  nothing  but  fine  mud,  the 
fbvittdation  of  a  new  oyster-bank  may  be  laid  on  the  death  of  the  crab. 
In  this  instance  the  oysters  survived  the  crab  many  dayB,  and  were 
killed  at  last  only  by  long  ^[posure  to  the  air. 


*  PhiL  Trans.  1886,  p.  803. 

{/The  spedsMQ  10  preserve  in  the  Museum  of  the  ZooL  Soc  of  London. 
This  specimen  is  m  the  coUeetioa  of  my  friend  Mr.  Broderip,  who  observe^ 
that  this  crab,  which  was  apparently  in  perfect  health,  could  not  have  cast  her 
shell  fop  six  years,  whereas  some  naturalists  have  stated  that  the  spj^'Jf*  ™  wu 
annually,  without  limiting  the  moulting  period  to  the  early  stages  ol  the  growth 
of  the  animal. 
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Geoffraphkal  DUtributicn  and  Migra^mu  €f  Zoophyiet, 

ZoophTtes  are  very  imperfectlj  known ;  but  there  can  be  little  doabt 
that  each  maritime  r^on  posseases  speciea  peculiar  to  itBe!£  The 
Madrepores,  or  lamelliferotui  Poljparia,  axe  found  in  their  fullest  deve- 
lopment only  in  the  tropical  seas  of  Polynesia  and  the  East  and  West 
Indies ;  and  this  fiimiiy  is  represented  only  by  a  few  species  in  our  seas. 
The  zoophytes  of  the  Mediterranean^  according  to  Ehrenberg,  differ 
almost  entirely  from  those  of  the  Red  Sea,  although  only  seyenty  miles 
distant  Out  of  120  species  of  Anthozoa,  only  two  are  conmion  to  both 
seas.*  P^ron  and  Lesueur,  after  studying  the  Holothurise,  Medusae, 
and  other  congeners  of  delicate  and  changeable  forms,  came  to  the  con- 
clusion that  each  kind  has.  its  pUoe  of  residence  determined  by  the 
temperature  necessary  to  support  its  existence.  Thus,  for .  example, 
they  found  the  abode  of  Pyrowma  AUanUca  to  be  confined  to  one 
particular  region  of  the  Atlantic  Ocean.f 

Let  us  now  inquire  how  the  transportation  of  zoophytes  from  one 
part  of  the  globe  to  another  is  effected.  Many  of  them,  aa  in  the 
families  Flustra  and  SertuJaiia,  attach  themselyes  to  sea-weed,  and  are 
occasionally  drifted  along  with  it  Many  fix  themselves  to  the  shells  of 
Mollusca,  and  are  thus  borne  along  by  them  to  short  distances.  Others, 
like  some  species  of  searpens,  float  about  in  the  ocean,  and  are  usually 
believed  to  possess  powers  of  spontaneous  motion.  But  the  most  fre- 
quent mode  of  transportation  consists  in  the  buoyancy  of  thAr  eggs, 
or  certain  small  vesides,  which  are  detached,  and  are  capable  of  becom- 
ing the  foundation  of  a  new  colony.  These  gems,  as  they  are  called, 
have,  in  many  instances,  a  locomotive  power  of  (heir  own,  by  which 
they  proceed  in  a  determinate  direction  for  several  days  after  separation 
from  the  parent  They  are  propelled  by  means  of  numerous  short 
,  threads  or  cilicB,  which  are  in  constant  and  rapid  vibration ;  and,  when 
thus  supported  in  the  water,  they  may  be  borne  along  by  currents  to  a 
great  distance. 

That  some  zoophytes  adhere  to  floating  bodies,  is  proved  by  their 
being  found  attached  to  the  bottoms  of  ships,  like  certain  Testacea 
before  alluded  to. 

OeographAcal  Distribution  and  Migrations  of  Insects, 

Before  I  conclude  this  sketch  of  the  manner  in  which  the  habitable 
parts  of  the  earth  are  shared  out  among  partioular  assemblages  of 
oiganic  beings,  I  must  offer  a  few  remarks  on  insects,  which,  by  their 
numbers  and  the  variety  of  their  powers  and  instincts,  exert  a  prodi* 
gious  influence  in  the  economy  of  animate  nature.  As  a  large  portion 
of  these  minute  creatures  are  strictly  dependent  for  their  subsistence  on 
certain  species  of  vegetables,  the  entomological  provinces  must  ooui- 
cide  in  considerable  degree  with  the  botanicid. 

*  Quart  Joam.  GeoL  Soc,  vol  iv.  p.  886. 
t  Voy.  aux  Terres  Anstralea^  torn.  L  p.  492. 


C^XXXEL]  HIGBATIONS  OF  INSECTS.  656 

All  the  insects,  says  Latreille,  brought  from  the  eastern  parts  of  Asia 
and  China,  whatever  be  their  latitude  and  temperature,  are  distinct  from 
those  of  Europe  and  of  Africa.  The  insects  of  the  United  States, 
although  often  approaching  very  close  to  our  own,  are,  with  very  few 
exceptions,  specifically  distinguishable  by  some  characters.  In  South 
America,  the  equinoctial  lands  of  New  Granada  and  Peru  on  the  one 
side,  and  of  Guiana  on  the  other,  contain  for  the  most  part  distinct 
groups;  the  Andes  forming  the  division,  and  interposing  a  narrow 
line  of  severe  cold  between  climates  otherwise  very  similar.* 

Migratory  tn«/tn<?<#.— Nearly  all  the  insects  of  the  United  Sjates 
and  Canada,  differ  specifically  from  the  European ;  while  those  of  Green- 
land appear  to  be  in  a  great  measure  identical  with  our  own.  Some 
insects  are  very  local ;  while  a  few,  on  the  contrary,  are  common  to 
remote  countries,  between  which  the  torrid  zone  and  the  ocean  inter- 
vene. Thus  our  painted  lady  butterfly  (  Vanessa  cardui)  re-appears  at 
the  Cape  of  Good  Hope  and  in  New  Holland  and  Japan  with  scarcely 
a  varying  streak,  f  The  same  species  is  said  to  be  one  of  the  few 
insects  which  are  universally  dispersed  over  the  earth,  being  found 
in  Europe,  Asia,  Africa,  and  America ;  and  its  wide  range  is  the  more 
interesting,  because  it  seems  explained  by  its  migratory  instinct^ 
seconded,  no  doubt,  by  a  capacity,  enjoyed  by  few  species,  of  enduring 
a  great  diversity  of  temperature. 

A  vast  swarm  of  this  species,  forming  a  column  from  ten  to  fifteen 
feet  broad,  was,  a  few  years  since,  observed  in  the  Canton  de  Vaud ; 
they  traversed  the  country  with  great  rapidity  from  north  to  south',  all 
flying  onwards  in  regular  order,  close  together,  and  not  turning  from 
their  course  on  the  approach  of  other  objects.  Professor  Bonelli,  of 
Turin,  observed,  in  March  of  the  same  year,  a  similar  swarm  of  the 
same  species,  also  directing  their  flight  from  north  to  south,  in  Pied- 
mont, in  such  immense  numbers  that  at  night  the  flowers  were  literally 
covered  with  them.  They  had  been  traced  from  Coni,  Raconi,  Susa,  &c. 
A  similar  flight  at  the  end  of  the  last  century  is  recorded  by  M.  Louch  in 
the  Memoirs  of  the  Academy  of  Turin.  The  fact  is  the  more  worthy  of 
notice,  because  the  caterpillars  of  this  butterfly  are  not  gregarious,  but 
solitary  from  the  moment  that  they  are  hatched ;  and  this  instinct  remains 
dormant^  while  generation  after  generation  passes  away,  till  it  suddenly 
displays  itself  in  full  energy  when  their  numbers  happen  to  be  in  excess. 

Not  only  peculiar  species,  but  certain  types,  distinguish  particular 
countries ;  and  there  are  groups,  observes  Kirby,  which  represent  each 
other  in  distant  regions,  whether  in  their  form,  their  functions,  or  in 
both.  Thus  the  honey  and  wax  of  Europe,  Asia,  and  Africa,  are  in  each 
case  prepared  by  bees  congenerous  with  our  common  hive-bee  {ApiSy 
Latr.);  while,  in  America,  this  genus  is  nowhere  indigenous,  but  is 
replaced  by  Melipona,  Trigona,  and  Euglossa ;  and  in  New  Holland  by 

*  G^ographie  G^n^rale  des  Insectee  et  des  Arachnidea.    M6ikl  du  M11&  d'Hiat 
Nat,  torn,  iii 
t  Kirby  and  Spenoe,  vol  iv.  p.  487 ;  and  other  authori. 
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a  sdll  dififorent  but  undeBoribed  type.  *Tlie  Enropotta  bee  (^pw  nMi- 
JUa)i  altiioagh  not  a  natiTia  of  ^ibe  new  world,  is  now  estaUiahed  both 
in  North  and  Soutb  America.  .  It  was  introduced  into  die  United  States 
by  some  of  the  early  setUers,  and  has  since  ovrnpread  the  .Tast  £arasts 
of  the  interior,  building'  hives  in  the  decayed  .trunks  of  trees.  ^  The 
Indians,''  says  Irving,  ^  consider  them  as  the  harbinger  of  the  white 
man,  as  the  buffalo  is  of  the  rad  man,  and  say  that  ia  proportion  as  the 
bee  advances  the  Indian  and  the  buffalo  retire.  It  is  said,"  continues 
the  same  writer,  "^  that  the  wild  bee  is  seldom  to  be  met  with  at  any 
great  distance  from  the  frontier,  and  that  tbej  have  always  been  the 
heralds  of  civilisation,  preceding  it  as  it  advanced  from  the  Atlantic 
borders.  Some  of  the  andent  settlerB  of  the  west  even  pretend  to  give 
the  veiy  year  when  the  honey-bee  first  crossed  the  Misussippi."  f  The 
same  species  is  now  also  naturalized  in  Van  Diemen's  Land  and  New 
Zealand. 

As  almost  ail  insects  are  winged,  they  can  readily  spread  themselves 
wherever  their  progress  is  not  opposed  by  uncongenial  climates,*  or  by 
seas,  mountains,  and  other  physical  impediments;  and  these  banien 
they  can  sometimes  surmount  by  abandoning  themselves  to  violent 
winds,  which,  as  I  before  stated,  when  speaking  of  the  di^)erBion  of 
seeds  (p.  618.)»  may  iii  a  few  hours  carry  them  to  very  considerable 
distances.  On  the  Andes  some  sphinxes  and  flies  have  been  obeerved 
by  Humboldt,  at  the  height  of  19,180  feet  above  the  sea,  and  which 
appeared  to  him  to  have  been  involuntarily  carried  into  these  regions 
by  ascending  currents  of  air.  \ 

White  mentions  a  remarkable  shower  of  aphides  which  seem  to  have 
emigrated,  with  an  east  wind,  from  the  great  hop  plantations  of  Kent 
and  Sussex,  and  blackened  the  shrubs  and  v^fetablee  ifvhere  they  alighted 
at  Selboume,  spreading  at  the  same  time  in  great  olouds  all  along  the 
vale  from  Farnham  to  Alton.  These  aphides  are  sometimes  accompa- 
nied by  vast  numbers  of  the  common  lady-bird  {CfoecineUa  sepkm- 
]mnciata)y  which  feed  upon  them.  § 

It  is  remarkable,  says  Kirby,  ihhi  many  of  the  insects  which  are 
occasionally  observed  to  emigrate,  as,  for  instance,  the  LibellulflB,  Cocci* 
nelbe,  Carabi,  Cicadse,  &c.  are  not  usually  social  insects ;  but  seem  to 
congregate,  like  swallows,  merely  for  the  purpose  of  emigration.  | 
Here,  therefore,  we  have  an  example  of  an  instinct  developing  itself  on 
certain  rare  emergencies,  causing  unsocial  species  to  become  gregarious 
and  to  venture  sometimes  even  to  cross  the  ocean. 

The  armies  of  locusts  which  darken  the  air  in  Africa,  and  traverse 
the  globe  from  Turkey  to  our  southern  counties  in  England,  are  well 
known  to  all.    When  the  western  gales  sweep  over  the  Pampas  they 

♦Kirby  and  Spence,  voL  iv.  p.  497. 

IWaBnington  Irving'B  Toar  in  the  Prairiei^  ch.  i& 
Malte-Brun»  toL  v.  p  879. 
Kirby  and  Spenoe^  toL  il  p.  9.  1817. 
Kirby  andSpence^  toL  iL  p.  12. 1817. 
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bear  along  with  them  myriads  of  insects  of  various  kinds.  As  a  proof 
of  the  manner  in  which  species  may  be  thus  diffused,  I  may  mention 
that  when  the  Creole  frigate  was  lying  in  the  outer  roads  off  Buenoe 
Ayres,  in  1819,  at  the  distance  of  six  miles  from  the  land,  her  decks  and 
rigging  were  suddenly  covered  by  thousands  of  flies  and  grains  of  sand. 
The  sides  of  the  vessel  had  just  received  a  fresh  coat  of  paint,  to  which 
the  insects  adhered  in  such  numbers  as  to  spot  and  disfigure  the  vessel, 
and  to  render  it  necessary  partially  to  renew  the  paint*  Captain  W. 
H.  Smyth  was  obliged  to  repaint  his  vessel,  the  Adventure,  in  the  Medi« 
terranean,  from  the  same  cause.  He  was  on  his  way  from  Malta  to 
Tripoli,  when  a  southern  wind  blowing  from'  the  coast  of  Africa,  then 
one  hundred  miles  distant,  drove  such  myriads  of  flies  upon  the  fresh 
paint,  that  not  the  smallest  point  was  left  unoccupied  by  insects. 

To  the  southward  of  the  river  Plate,  off  Cape  St  Antonio,  and  at  the 
distance  of  fifty  miles  from  land,  several  large  dragon-flies  alighted  on  the 
Adventure  frigate,  during  Captaiti  King's  late  expedition  to  the  Straits  of 
Magellan.  If  the  wind  abates  when  insects  are  dius  crossing  the  sea,  the 
s:ioet  delicate  species  are  not  necessarily  drowned ;  for  many  can  repose 
without  sinking  on  the  water.  The  slender  long-legged  tipulas  have  been 
seen  standing  on  the  suifaoe  of  the  sea,  when  driven  out  fiur  from  our 
coast,  and  took  wing  immediately  on  being  approached,  f  Exotic  beetles 
are  sometimes  thrown  on  our  shore,  which  revive  after  having  been  long 
drenched  in  salt  water ;  and  the  periodical  appearance  of  some  conspicu- 
ous butterflies  amongst  us,  after  being  unseen  some  for  five  others  for  fifty 
years,  has  been  ascribed,  not  without  probability,  to  the  agency  of  the 
winds. 

Inundations  of  rivers,  observes  Eirby,  if  they  happen  at  any  season  ex- 
cept in  the  depths  of  winter,  always  cany  down  a  number  of  insects, 
floating  on  the  surfisu^  of  bits  of  stick,  weeds,  (fee. ;  so  that  when  the  waters 
subside,  the  entomologist  may  generally  reap  a  plentiful  harvest  In  the 
dissemination,  moreover,  of  Uiese  minute  beings,  as  in  that  of  plants,  the 
larger  animals  play  their  part  Insects  are,  in  numberless  instances,  borne 
along  in  the  coats  of  animals,  or  the  feathers  of  birds ;  and  the  eggs  of 
some  species  are  capable,  like  seeds,  of  resisting  the  digestive  powers  of 
the  stomach,  and  after  they  are  swallowed  with  herbage,  may  be  ejected 
again  unharmed  in  tiie  dung. 

Geoffraphkal  Distrthution  and  IHjff^iHan  of  Man. 

I  have  reserved  for  the  last  some  observations  on  the  range  and  diflu* 
sion  of  the  human  species  over  the  earth,  and  the  influence  of  man  in. 
spreading  other  animals  and  plants,  especially  the  terrestrial. 

Many  naturalists  have  amused  themselves  in  speculating  on  the  proba- 
ble birth-place  of  mankind,  the  point  from  which,  if  we  assume  the  whole 
Quman  race  to  have  descended  from  a  single  pair,  the  tide  of  emigration 

*  I  am  indebted  to  lientenant  Graves,  R.N.,  for  this  informatioii 
t  -I  state  this  fact  on  the  authority  of  my  friend,  Mr.  John  Cnrtu. 
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must  originallj  have  proceeded.  It  has  been  ahrays  a  fiiMirite  «oojeo- 
tuxe,  tliat  thiB  biith-plaoe  wag  aitoated  within  or  near  the  tropica,  wkere 
perpetual  summer  reigns,  and  where  fruits,  herbs,  and  roots  aie  i^entaf^j 
supplied  throughout  the  year.  Hie  climate  of  these  regions,  it  has  beso 
said,  is  suited  to  a  bdng  bom  withovFt  any  cohering',  and  who  had  not  jet 
acquired  the  arts  of  building  habitations  or  providmg  dothea. 

Progress  of  Human  Population. — ""  The  hnntw  state,**  il  has  been  a^• 
gued)  *^  which  Montesquieu  placed  the  first,  was  probably  only  the  aeMiid 
stage  to  which  mankind  nrived ;  since  so  many  arts  most  hare  been  in> 
vented  to  catch  a  salmon,  or  a  deer,  that  society  ceold  no  k>n;ger  have 
been  in  its  infancy  when  they  came  into  use«^*  When  rejg^ooB  whereihe 
spontaneous  fruits  of  the  earth  abound  became  overpeopled,  men  would 
naturally  diffuse,  themselves  over  the  neighboring  parts  of  the  ^eaqpento 
zone ;  but  a  considerable  time  would  probably  elapse  before  this  event  te<^ 
place;  and  it  is  possible,  as  a  writer  before  cited  observes,  that4D  the 
interval  before  the  multiplioation  of  their  numben  and  their  inoroasiag 
wants  had  compelled  them  to  emigrate,  some  arts  to  tabe  animals  were 
invented,  but  &r  inferior  to  what  we  see  practised  at  this  day  anioi^ 
savages.  As  their  habitations  gradually  advanced  into  the  teasi|M»ato 
zone,  liie  new  difficulties  they  had  to  encounter  wodd  call  -forth  by- 
degrees  the  spirit  of  invention,  and  the  probability  of  such  inventma 
always  rises  with  the  number  of  people  involved  in  ihe  same  neeessity.f 

A  distinguished  modem  writer,  who  comcides  for  the  most  part- m  the 
views  above  mentioned,  has  intax)duoed  one  of  the  peMons  in  his  seeond 
dialogue,  as  objecting  to  the  theory  of  the  human  race  having  gndoaBy 
advanced  from  a  savage  to  a  civilized  state,  on  the  ground  that  "  the  first 
man  must  have  inevitably  been  destroyed  by  the  elements  or  devonnd  by 
savage  beasts,  so  infinitely  his  superiors  in  physical  foroe."|  He  then 
contends  against  the  difficulty  here  started  by  various  aignments,  all  of 
which  were,  perhaps,  superfluous;  for  if  a  philosopher  is  pleased  to  indulge 
in  conjectures  on  this  subject,  why  should  he  not  assign,  as  the  original 
seat  of  man,  some  one  of  those  large  islands  within  the  tropics,  whidi  ars 
as  free  from  large  beasts  of  prey  as  Van  Diemen's  Land  or  Australia  I 
Here  man  may  have  remained  for  a  period,  peculiar  to  a  single  isfand, 
just  as  some  of  the  large  anthropomorphous  species  are  now  limited  to 
oue  island  within  the  tropics.  In  sudi  a  situation^  the  new-bora  race 
might  have  lived  in  security,  though  for  more  helpless  than  the  New  Hol- 
land savages,  and  might  have  found  abimdanoe  dt  vegetable-food.  Colo- 
nies may  afterwards  have  been  sent  forth  from  this  mother  oonntiy, 
and  then  the  peopling  of  the  earth  may  have  proceeded  according  to  the 
hypothesis  before  alluded  to. 

To  form  a  probable  conjecture  respecting  the  country  from  whence  the 
early  civilization  of  India  was  derived,  has  been  found  almost  as  difficult 
as  to  determine  the  original  birth-place  of  the  human  race.  Iliat  the 
dawn  of  oriental  civilization  did  not  arise  within  the  limits  of  the  tropics, 

*  Brand's  Se1«et  DiBsert  from  th«  Aukbil  Aoad.,  voL  L  pw-  lia  f  lUd 

t  Sir  H.  Davy,  ConBoUtioDB  in  Travel,  p.  74.-  • 
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is  the  conclusion  to  which  Baron  William  von  Humboldt  has  come  after 
'much  patient  research  into  "^  the  dirersitieB  of  the  structure  of  lan^age 
and  their  influence  on  the  mental  development  of  the  human  race."  Ac- 
cording to  him  the  ancient  Zend  country  from  -whence  the  spread  of 
knowledge  and  die  arts  has  been  traced  in  a  south-easterly  direction,  lay 
to  the  north-west  of  the  upper  Indus.* 

As  to  the  time  of  the  first  appearance  of  man  upon  the  earth,  if  we 
are  to  judge irom  the  discordance  of  opinion  amongst  celebrated  chro- 
Qologen,  not  ev^n  a  rude  approximation  has  yet  been  made  towaids 
determining  a  point  of  so  mnch  interest  The  problem  seems  hitherto  to 
have  baflled  the  curiosity  of  the  antiquary,  if  possible,  more  completely 
than  the  fixing  on  a  geographical  site  for  the  original  habitation  of  the 
ancestors  of  the  human  race.  The  Chevalier  Bunsen,  in  lus  elaborate 
and  philosophical  work  on  Ancient  Egj^f  has  satisfied  not  a  few  of  the 
learned,  by  an  appeal  to  monumental  inscriptions  still  extant,  that  the 
snccessive  dynasties  of  kings  may  be  traced  back  without  a  break,  to 
Menes,  and  that  the  date  of  his  reign  would  correspond  with  the  year 
3640  B.  c.  He  supposes  at  the  same  time,  what  is  most  reasonable,  that 
the  Egyptian  people  must  have  existed  for  a  long  period  (prdbably  at 
least  for  five  centuries),  in  their  earlier  and  less  settled  state,  before  they 
reached  the  point  of  civilization  at  which  Menes  consolidated  them  into 
a  great  and  united  empire.  This  would  carry  us  back  to  upwards  of 
4000  years  Bf.  c,  or  to  an  epoch  coincident  with  that  commonly  set  down 
for  the  creation  of  the  world  in  accordance  with  computations  founded  on 
the  combined  ages  of  the  successive  antediluvian  patriarchs.  It  follows 
tha^  the  same  epoch  of  Menes  is  anterior  by  a  great  many  centuries  to 
the  most  ancient  of  the  dates  usually  fixed  upon  for  the  Mosaic  deluge. 
The  hct  that  no  record  or  tradition  of  any  great  and  overwhelming  flood 
has  been  detected  in  the  mythology,  or  monumental  annals  of  the  Egyp- 
tians, wiU  suggest  many  reflections  to  a  geologist  who  has  weighed  well 
the  evidence  we  possess  bf  a  variety  of  partial  deluges  which  have  hap- 
pened in  districts  not  free  like  E^ypt,  for  the  last  3000  years,  from  earth- 
quakes and  other  causes  of  great  aqueous  catastrophes.  The  tales  and 
legends  of  calamitous  floods  preserved  in  Greece,  Asia  Minor,  the  southern 
shores  of  the  Baltic-,  China,  Pern,  and  Chili,  have,  aa  we  have  seen,  been 
all  of  them  handed  down  to  us  by  the  inhabitants  of  regions  in  which 
the  operation  of  natural  causes  in  modem  times,  and  the  recurrence  of  a 
succession  of  disastrous  floods,  uSord  us  data  for  interpreting  the  meaning 
of  the  obscure  traditions  df  an  illiterate  age.| 

In  hiB  learned  treatise  on  ancient  chronology.  Dr.  Hales  has  selected, 
from  a  mnch  greater  number,  a  list  of  no  kas  than  120  authois,  all  of 
whom  g^ve  a  different  period  for  the  epoch  of  the  creation  of  the  world, 

*' W;  vonHiimboldiv'^0ntheEawil4uigiiAgeb''«fcadtedinC«niQi.  Intro- 
daetion. 

t  Egypten't  Stelle,  Ac  Egypt  restored  to  her  PUwje  in  TTiiiTeTua  History,  b;y 
CGOunsen.  184&  .   i.  .  ooi 

I  For  Grecian  and  Asiatic  delage^  see  above,  p.  866. ;  Cimbnan,  p.  881, , 
Chinese,  p  7.  •  Peruvian,  ix  602. ;  ChiKan  or  Arancanian  dehig^  p  500. 
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the  extreme  range  of  difference  between  them  amounting  to  no  less  thaft 
3268  years.  It  appears  that  even  amongst  authorities,  who  in  England 
are  generally  regaided  as  orthodoic,  there  is  a  varianoe,  not  of  yean  or 
of  one  or  two  centuries,  but  of  upwards  of  a  millennium,  according  as  they 
have  preferred  to  follow  the  Hebrew,  or  the  Samaritan,  or  the  Greek  vep» 
sions  of  the  Mosaic  writings.  Can  we  then  wonder  that  they  who  de- 
cipher the  monuments  of  Egypt,  or  the  geologist  who  interprets  ths 
earth^s  autobiography,  should  arrive  at  vievra  respecting  the  date  of  aa 
ancient  empire,  or  the  age  of  our  planet,  irrecondleable  with  every  one 
of  these  numerous  and  conflicting  chronologies  ?  The  want  of  agree- 
ment amongst  the  learned  in  regard  to  the  probable  date  of  the  deluge 
of  Noah  is  a  source  of  far  greater  perplexity  and  confusion  than  onr  ex- 
treme uncertainty  as  to  the  epoch  of  the  creation, — ^the  deluge  being  a 
comparatively  modem  event,  from  which  the  repeopling  of  the  earth  and 
the  history  of  the  present  races  of  mankind  is  made  to  b^n. 

Naturalists  have  long  felt  that  to  render  probable  the  received  opinioa 
that  all  the  leading  varieties  of  the  human  fiimily  have  originally  sprang 
from  a  single  pair,  (a  doctrine  against  which  there  appears  to  me  to  be 
no  sound  objection,)  a  much  greater  lapse  of  time  is  required  for  the 
slow  and  gradual  formation  of  races,  (such  as  the  Caucasian,  Mongolian, 
and  Negro,)  than  is  embraced  in  any  of  the  popular  systems  of  chro- 
nology. The  existence  of  two  of  those  marked  varieties  above  mentioned 
can  be  traced  back  3000  years  before  the  present  time,  or  to  the  painting 
of  pictures,  preserved  in  the  tombs  or  on  the  walls  of  buried  temples  in 
E^ypt  In  these  we  behold  the  Negro  and  Caucasian  physiognomio 
portrayed  as  fiiithfuUy  and  in  as  strong  contrast  as  if  the  likenesses  of  those 
races  had  been  taken  yesterday.  When  we  consider  therefore  the  ex- 
treme slowness  of  the  changes,  which  climate  and  other  modifying 
causes  have  produced  in  modern  times,  we  must  allow  for  a  vast  series  of 
antecedent  ages,  in  the  course  of  which  the  longHX>ntinued  inflnenoe  of  simi- 
lar external  circumstances  gave  rise  to  peculiarities,  probably  inereased  in 
many  successive  generations,  until  they  were  fixed  by  hereditary  trans- 
mission. The  characteristic  forms  and  features  thus  acquired  by  certun 
tribes,  may  have  been  afterwards  diffused  by  migration  from  a  few  cen- 
tres over  wide  continental  spaces.  The  theory,  therefore,  that  all  the 
races  of  man  have  come  from  one  common  stock  receives  support  from 
every  investigation  which  forces  us  to  expand  our  ideas  of  the  duration 
of  past  time,  or  which  multiplies  the  number  of  years  that  have  passed 
away  since  the  origin  of  man.  Hitherto,  gedlogy  has  neither  enhuged 
nor  circumscribed  the  "  human  period ;''  but  simply  proved  that  in  the 
history  of  animated  nature  it  is  comparatively  modem,  or  the  last  of  a 
long  series  of  antecedent  epochs,  in  each  of  which  the  earth  has  been 
successively  peopled  by  distinct  species  of  animals  and  plants. 

In  an  early  stage  of  society  the  necessity  of  hunting  acts  as  a  principle 
of  repulsion,  causing  men  to  spread  with  the  greatest  rapidity  over  a 
country,  until  the  whole  is  covered  with  scattered  settlements.  It  has 
been  calculated  that  eight  hundred  acres  of  hunting-ground  produce  only 
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as  much  food  as  half  an  acre  of  arable  land.  When  the  game  has  been 
in  a  great  measure  exhausted,  and  a  state  of  pasturage  succeeds,  the 
several  hunter  tribes,  being  already  scattered,  may  multiply  in  a  short 
time  into  the  greatest  number  which  the  pastoral  state  is  capable  of  sus 
taining.  The  necessity,  says  Brand,  thus  imposed  upon  the  two  savage 
states,  of  dispersing  themselves  far  and  wide  over  the  country,  affords  a 
reason  why,  at  a  very  early  period,  the  worst  parts  of  the  earth  may  have 
become  inhabited. 

But  this  reason,  it  may  be  said,  is  only  applicable  in  as  far  as  regards 
the  peopling  of  a  continuous  continent ;  whereas  the  smallest  islands, 
however  remote  from  continents,  have  almost  always  been  found  inha- 
bited by  man.  St.  Helena,  it  is  true,  afforded  an  exception ;  for  when 
that  island  was  discovered  in  1501,  it  was  only  inhabited  by  sea-fowl, 
and  occasionally  by  seals  and  turtles,  and  was  covered  with  a  forest  of 
trees  and  shrubs,  all  of  species  peculiar  to  it,  with  one  or  two  exceptions, 
and  which  seem  to  have  been  expressly  created  for  this  remote  and 
insulated  spot* 

The  islands  also  of  Mauritius,  Bourbon,  Pitcaims,  and  Juan  Feraan- 
dez,  and  those  of  the  Galapagos  archipelago,  one  of  which  is  seventy 
miles  long,  were  inhabited  when  first  discovered,  and,  what  is  more 
remarkable  than  all,  the  Falkland  Islands,  which  together  are  120  miles 
in  length  by  60  in  breadth,  and  abounding  in  food  fit  for  the  support 
of  man. 

Drifting  of  canoes  to  vast  distances. — ^But  very  few  of  the  numerous 
coral  islets  and  volcanoes  of  the  vast  Pacific,  capable  of  sustaining  a 
few  families  of  men,  have  been  found  untenanted ;  and  we  have,  there- 
fore, to  inquire  whence  and  by  what  means,  if  all  the  members  of  the 
great  human  family  have  had  one  common  source,  could  those  savages 
have  migrated.  Cook,  Forster,  and  others,  have  remarked  that  parties 
of  savages  in  their  canoes  must  have  often  lost  their  way,  and  must 
have  been  driven  on  distant  shores,  where  they  were  forced  to  remain, 
deprived  both  of  the  means  and  of  the  requisite  intelligence  for  return- 
ing to  their  own  country.  Thus  Captain  Cook  found  on  the  island  of 
Wateoo  three  inhabitants  of  Otaheite,  who  had  been  drifted  thither  in 
a  canoe,  although  the  distance  between  the  two  isles  is  550  miles.  In 
1696,  two  canoes,  contA'.ning  thirty  persons,  who  had  lefb  Ancorso,  were 
thrown  by  contrary  winds  and  storms  on  the  island  of  Samar,  one  of 
the  Philippines,  at  a  distance  of  800  miles.  In  1721,  two  canoes,  one 
of  which  contained  twenty-four,  and  the  other  six  persons,  men,  women, 
*and  children,  were  drifted  from  an  island  called  Farroilep  to  the  island 
of  Quaham,  one  of  the  Marians,  a  distance  of  200  miles,  f 

Kotzebue,  when  investigating  the  Coral  Isles  of  Radack,  at  the  east- 
ern extremity  of  the  Caroline  Isles,  became  acquainted  with  a  person  of 
the  name  of  Eadu,  who  was  a  native  of  Ulea,  an  isle  1500  miles  distant, 
from  which  he  had  been  drifted  with  a  party.    Eadu  and  three  of  his 

•  See  p.  615.  f  Malte-Bnm's  Oeography,  voL  iii  p^  419. 
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oountiytnen  one  d«y  loft  Ulea  in  a  sailing  boat^  when  a  violeofe 
arose,  and  drore  them  out  of  tbeir  eonrse :  they  drifted  about  the  open 
sea  for  eight  months,  aocordiDg  to  their  leckcning  by  th*  moon^  nuk- 
ing a  knot  on  a  eord  at  every  new  moon.  Being  expert  &hermeBi,  thejy 
subsisted  entirely  on  the  produce  of  the  sea ;  and  when  the  rain  fi^  laid 
in  as  mudi  fresh  water  as  they  had  vessels  to  contain  it. .  ^Kada," 
says  Eotzebue,  '*  who  was  the  best  direr,  frequently  went  down  to  the 
bottom  of  the  sea,  where  it  is  well  known  that  .he  wiiter  is  not  so  eali, 
with  a  cocoa-out  shell)  with  only  a  small  opening.'^*  When  these 
unfbrtunate  men  readied  the  isles  of  Radack,  every  hope  and  almost 
every  foeiing  had  died  within  them ;  their  sail  had  long  been  deatroyed, 
their  canoe  had  long  been  the  sport  of  winds  and  waves,  and  they 
were  picked  up  by  the  inhabitants  of  Aur  in  a  state  of  insensibiUt^ ; 
but  by  the  hospitable  care  of  those  islanders  they  soon  reoovered,  and 
were  restored  to  perfect  health,  f 

Captain  Beeohey,  in  his  voyage  to  the  Pacific,  fell  in  with  some  natives 
of  the  Coral  Islands,  who  had  in  a  similar  manner  been  carried  to  a 
great  distance  from  their  native  country.  They  had  embarked,  to  the 
number  of  150  souls,  in  three  double  canoes,  from  Anaa,  or  Chain 
Island,  situated  about  three  hundred  miles  to  the  eastward  of  Otaheita 
They  were  overtaken  by  the  monsoon,  which  dispersed  the  canoes ;  and 
after  driving  them  about  the  ocean,  left  them  becalmed,  so  that  a  great 
number  of  persons  perished.  Two  of  the  canoes  were  never  heard  of; 
but  the  other  was  drifted  from  one  uninhabited  island  to  another,  at 
each  of  which  the  voyagers  obtained  a  few  provisions ;  and  at  length, 
after  having  wandered  for  a  distance  of  600  miles^  they  were  found  and 
carried  to  their  home  in  the  Blossom.  X 

Mr.  Crawfurd  informs  me  that  there  are  several  well-autheDticaled 
accounts  of  canoes  having  been  drifted  from  Sumatra  to  Madagascar, 
and  by  such  causes  a  portion  of  the  Malayan  language,  with  some 
useful  plants,  have  been  transferred  to  that  island,  whiqh  is  principally 
peopled  by  negroes. 

The  space  traversed  in  some  of  these  instances  was  so  great,  that 
similar  accidents  might  suffice  to  transport  canoes  from  various  pacts  of 
Africa  to  the  shores  of  South  America,  or  from  Spain  .to  the  Aaores, 
and  thence  to  North  America ;  so  that  man,  even  in  a  rude  slate  of 
society,  is  liable  to  be  scattered  involuntarily  by  the  winds  ani  waves 
over  the  globe,  in  a  manner  singularly  analogous  to  that  in  which  many 
plants  and  animals  are  diffused.  We  ought  not,  then,  to  wonder,  that 
during  the  ages  required  for  some  tribes  of  the  human  race  to  attaiA 
that  advanced  stage  of  civilization  which  empowers  the  navigator  to 
cross  the  ocean  in  all  directions  with  security,  the  whole  earth  should 

*  Chamiflso  states  that  the  water  which  they  brought  np  was  cooler,  and  in 
their  opinion;  less  salt  It  is  difficult  to  conceive  its  being  nresher  near  the  bot- 
tom, except  where  submarine  springs  may  happen  to  rise. 

+  Kotaebue's  Voyage,  181&-1818.     Quarteriy  lleview,  vol.  xxvi  p.  861. 

i  Naritotive  of  a  Voyage  to  the  Pacific,  <kc,  in  the  years  1825, 182^  1827, 1828L 
pi  170. 
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]iavi9'  become  the.  abode  of  mde  tribes  of  huBten  and  fisbeKs,  ..Were 
the  whole  of  mankind  now  cat  off,  with  the  exception  of  one  hmilj 
inhabiiiiig'the  obi  or  new  continent,  or  Australia,  or  even  some  cond 
isl^  of  the  Padfic,  we  might  expect  their  descendants,  though  they 
should  nevtt*  become  more  enlightened  than  the  South  Sea  Isliinders  or 
the  Esquimaux^  to  spread  in  the  course  of  ages  over  the  whole  earth, 
diffused  partly  by  the  tendency  of  population  to  increase,  in.  a  limited 
distriot,  beyond  the  means  of  subsistence,  and  partly  by  the  accidental 
drifting  of  canoea  by  tides  and  currents  to  distant  shores. 

Iiwoltmiary  Influence  of  Man  in  difimnff  Animals  and  Plants. 

Many  of  the  general  remarks  which  have  been  made  respecting  the 
influence  of  man  in  spreading  or  in  checking  the  diffusion  of  plants 
apply  equally  to  his  relations  with  the  animal  kingdom.  On  a  future 
occasion  I  shall  be  led  to  speak  of  the  instrumentality  c'  our  species  in 
naturalizing  useful  animals  and  plants  in  new  regions,  when  explaining 
my  views  of  the  effects  which  the  spreading  and  increase  of  certain 
species  exert  in  the  extirpation  of  others.  At  present  I  shall  confine 
myself  to  a  few  remarks  on  the  involuntary  aid  which  man  lends  to  the 
dissemination  of  species. 

In  the  mammiferous  class  our  influence  is  chiefly  displayed  in  in- 
creasing the  number  of  quadrupeds  which  are  serviceable  to  us,  and  in 
exterminating  or  reducing  the  number  of  those  which  are  noxious. 

Sometimes,  however,  we  unintentionally  promote  the  multiplication  of 
inimical  species,  as  when  we  introduced  the  rat,  which  was  not  indigenous 
in  the  new  world,  into  all  parts  of  America.  They  have  been  conveyed 
over  in  ships^and  now  infest  a  great  multitude  of  islands  and  parts  of 
that  continent.  In  like  manner  the  Norway  rat  (Mus  decumanus) 
has  been  imported  into  England,  where  it  plunders  our  property  in  ships 
and  houses. 

Among  birds,  the  house  sparrow  may  be  cited  as  a  species  known  to 
have  extended  its  range  with  the  tillage  of  the  soil.  During  the  last 
century  it  has  spread  gradually  over  Asiatic  Russia  towards  the  north 
and  east,  always  following  the  progress  of  cultivation.  It  made  its  first 
appearance  on  the  Irtisch  in  Tobolsk,  soon  after  the  Russians  had 
ploughed  the  land.  It  came  in  1735  up  the  Obi  to  Beresow,  and  four 
years  after  to  Naryn,  about  fifteen  degrees  of  longitude  farther  east  In 
1710,  it  had  been  seen  in  the  higher  parts  of  the  coast  of  the  Lena,  in  the 
government  of  IrkutzL  In  all  these  places  it  is  now  common,  but  is  not 
yet  found  in  the  uncultivated  regions  of  Eamtschatka.* 

The  great  viper  {Fer  de  lance),  a  species  no  less  venomous  than  the 
rattlesnake,  which  now  ravages  Martinique  and  St  Lucia,  was  accident- 
ally introduced  by  man,  and  exists  in  no  other  part  of  the  West  Indies. 

Many  parasitic  insects  which  attack  our  persons,  and  some  of  which 
are  supposed  to  be  peculiar  to  our  species,  have  been  carried  into  all  parts 

•  Ologer,  Abfini  der  Vagel,  p.  108. ;  PaUaa,  Zoog.  EoBBO-Aaiat,  torn.  ii.  p.  197. 
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of  the  earlb,  and  have  as  high  a  claim  as  man  to  a  universal  geogispiii- 
cal  distribution. 

A  groat  yariety  of  insects  hare  been  transported  in  ships  from  one 
country  to  another,  especially  in  wanner  latitudes.  The  European  hoine- 
fly  has  been  introduced  in  this  way  into  all  the  South  Sea  LslandsL 
Notwithstanding  the  coldness  of  our  climate  in  England  we  have  been 
unable  to  prevent  the  cockroach  (Blatta  (niefUaJis)  from  entering  and 
diffusing  itself  in  our  ovens  and  kneading  troughs,  and  availing  itself 
of  the  artificial  warmth  which  we  afford.  It  is  well  known  also,  that 
beetles,  and  many  other  kinds  of  ligniperdous  insects,  have  been  intro- 
duced into  Great  Britain  in  timber ;  especially  several  North  American 
species.  ''The  commercial  relations,"  saysMalte-Brun*,  " between Fraaoe 
and  India  have  transported  from  the  latter  country  the  aphis^  which 
destroys  the  apple  tree,  and  two  sorts  of  Neuroptera,  the  Lwdfu^  and 
Flavicola,  mostly  confined  to  Provence  and  the  neighbourhood  of  Boor- 
deaux,  where  they  devour  the  timber  in  the  houses  and  naval  arsenak* 

Among  mollusks  we  may  mention  the  Teredo  navaliSj  which  is  a 
native  of  equatorial  seas,  but  which,  by  adhering  to  the  bottom  of  ships, 
was  transported  to  Holland,  where  it  has  been  most  destructive  to  vessels 
and  piles.  The  same  species  has  also  become  naturalized  in  England, 
and  other  countries  enjoying  an  extensive  commerce.  Sulimus  undatus, 
a  land  species  of  considerable  size,  native  of  Jamaica  and  other  West  In- 
dian islands,  has  been  imported,  adhering  to  tropical  timber,  into  liver- 
pool  ;  and,  as  I  learn  from  Mr.  Broderip,  is  now  naturalized  in  the  woods 
near  that  town. 

In  all  these  and  innumerable  other  instances  we  may  regard  the  invo- 
luntary agency  of  man  as  strictly  analogous  to  that  of  the  inferior  ani- 
mals. Like  them,  we  unconsciously  contribute  to  extend  or  limit  the 
geographical  range  and  numbers  of  certain  species,  in  obedience  to  gene- 
ral rules  in  the  economy  of  nature,  which  are  for  the  most  part  bevond 
our  centre^ 

*  Syit  of  Geog.,  toL  viil  p.  169 
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THEORIES   BESPEOTINO  THE   ORIGINAL   INTRODUOTIOH   07   SPECIES. 

Pk^posal  of  an  hypothesis  on  this  subject — Supposed  centres  or  foci  of  creation— 
Why  distinct  provinces  of  animals  and  plants  haye  not  become  more  blended 
together— Broechi's  speculations  on  the  loss  of  species — Stations  of  plants  and 
animals — Causes  on  which  they  depend — Stations  of  plants  how  affected 
by  animals — ^Equilibrium  in  the  number  of  species  how  preserved — ^Peculiar 
efficacy  of  insects  in  this  task — ^Rapidity  with  which  certain  insects  multiply 
or  decrease  in  numbers — ^Effect  of  omnivorous  animals  in  preserving  the 
equilibrium  of  species — ^Reciprocal  influence  of  aquatic  and  terrestrial  species 
on  each  other. 

Theory  of  LinncBus, — ^1t  would  be  superfluous  to  examine  the  various 
attempts  which  were  made  to  explain  the  phenomena  of  the  distri- 
bution of  species  alluded  to  in  the  preceding  chapters,  in  the  infancy 
of  the  sciences  of  botany,  zoology,  and  physical  geography.  The 
theories  or  rather  conjectures  then  indulged  now  stand  refuted  by  a 
simple  statement  of  facts ;  and  if  Linnaeus  were  living  he  would  be  the 
first  to  renounce  the  notions  which  he  promulgated.  For  he  imagined 
the  habitable  wprld  to  have  been  for  a  certain  time  limited  to  one  small 
tract,  the  only  portion  of  the  earth^s  surface  that  was  as  yet  laid  bare 
by  the  subsidence  of  the  primaeval  ocean.  In  this  fertile  spot  he  sup- 
posed the  originals  of  all  the  species  of  plants  which  exist  on  this  globe 
to  have  been  congregated  together  with  the  first  ancestors  of  all  ani* 
inals  and  of  the  human  race.  "  In  qu&  commode  habitaverint  animalia 
omnia,  et  vegetabilia  Iste  germinaverint"  In  order  to  accommodate  the 
various  habitudes  of  so  many  creatures,  and  to  provide  a  diversity  of 
climate  suited  to  their  several  natures,  the  tract  in  which  the  creation 
took  place  was  supposed  to  have  been  situated  in  some  warm  region  of 
the  earth,  but  to  have  contained  a  lofty  mountain  range,  on  the  heights 
and  in  the  declivities  of  which  were  to  be  found  all  temperatures  and 
every  climate,  from  that  of  the  torrid  to  that  of  the  frozen  zone.* 

That  there  never  was  a  universal  ocean  since  the  planet  was  inhabited, 
or,  rather,  since  the  oldest  groups  of  strata  yet  known  to  contain  organic 
remains  were  formed,  is  proved  by  the  presence  of  terrestrial  plants  or 
by  indications  of  shores  in  all  the  older  formations ;  and  if  this  con- 
clusion was  not  established,  yet  no  geologist  could  deny  that,  since  the 
first  small  portion  of  the  earth  was  laid  dry,  there  have  been  many 
entire  changes  in  the  species  of  plants. and  animals  inhabiting  the  land. 

But,  without  dwelling  on  the  above  and  other  refuted  theories,  let 
us  inquire  whether  some  hypothesis  cannot  be  substituted  as  simple  as 
that  of  Linnseus,  to  which  the  phenomena  now  ascertained  in  regard  to 
the  distribution  both  of  aquatic  and  terrestrial  species  may  be  referred. 

•  De  terrft  habitabili  incremento ;  also  Prichard,  Phys.  Hist  of  Mankind,  voL 
L  p.  17^  where  the  hypotheses  of  different  naturalists  are  enumerated. 
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The  following  may,  perhapa,  be  reconcileable  with  Imown  facta : — Each 
speeies  may  have  had  its  origin  in  a  single  pair,  or  individual,  where  an 
individual  was  sufficient,  and  speeies  may  have  been  created  in  auooession 
at  such  times  and  in  such  places  as  to  enable  them  to  multiply  and  endure 
for  an  appointed  period,  and  occupy  an  appointed  space  on  the  globe. 

In  order  to  explain  this  theory,  let  us  suppose  every  living,  thing  to 
be  destroyed  in  the  western  hemisphere,  b<^  on  the  land  amd  in  the 
ocean,  and  permission  to  be  given  to  man  to  people  ifa]B<  great  desert, 
by  transporting  into  it  animals  and  plants  irom  the  eastern  bemisj^ieie, 
a  strict  prohibition  being  enforced  against  introducing  two  original 
stocks  of  the  same  species. 

Now  it  IB  easy  to  show  that  the  result  of  such  a  mode. of  cfdooisiig 
would  correspond  exactly,  so  far  as  regards  the  grouping  of  animals  and 
plants,  with  that  now  observed  throughout  the  globe.  In  the  first  place, 
it  would  be  necessary  for  naturalists,  before  they  imported  species  into 
particular  localities,  to  study  attentively  the  climate  and  other  physical 
conditions  of  each  spot  It  would  be  no  less  requisite  to  introduce  the 
diffeient  species  in  succession,  so  that  each'  plant  and  animal  might 
have  time  and  opportunity  to  multiply  before  ihe  species  destined  to 
prey  upon  it  was  admitted.  Many  herbs  and-  shrubs,  for  example,  must 
spread  far  and  wide  before  the  sheep,  the  deer,  and  the  goat  could  be 
allowed  to  enter,  lest  they  should  devour  and  annihilate  the  original 
stocks  of  many  plants,  and  then  perish  themselves  for  want  of  food. 
The  above-mentioned  herbivorous  animals  in  their  turn  must  be  per- 
mitted to  make  considerable  progress  before  the  entrance  of  the  first 
pair  of  wolves  or  lions.  Insects  must  be  allowed  to  swarm  before  the 
swallow  could  be  pertnitted  to  skim  through  tihe  air,  and  feast  on 
thousands  at  one  repast 

It  is  evident  that,  however  equally  in  this  case  our  original  stocb 
were  distributed  over  the  whole  sur&oe  of  land  and  water,  there  would 
nevertheless  arise  distinct  botanical  and  zoological  provinces,  for  there 
are  a  great  many  natural  barriers  which  oppose  common  obstacles  to 
the  advance  of  a  variety  of  species.  Thus^  for  example,  almost  ail  the 
animals  and  plants,  naturalized  by  us,  towards  the  extremity  of'  South 
America,  would  be  unable  to  spread  beyond  a  certain  limit,  towards  the 
east,  west,  and  south;  because  they  would  be  stopped  by  the  ocean, 
and  a  few  of  themronly  would  succeed  in  reaching  the  cooler  latitudes 
of  the  northern  hemisphere,  because  they  would  be  incapable  of  bear- 
ing the  heat  of  the  tropics,  through  which  they  must  pass.  In  the 
course  of  ages,  undoubtedly,  exceptions  would  arise,  and  some  species 
might  become  common  to  the  temperate  and  polar  regions,  or  both 
sides  of  the  equator ;  for  I  have  before  shown  that  the  powers  of  diffu- 
sion conferred  on  sotne  dasses^  are  very  great  But  we  might  confi- 
dently predict  tlmt  these  exoeptiona  would  never  beoome  so  numerous 
as  to  invalidate  the  general  rule. 

Some  of  the  plants  and  animals  transplanted  by  us  to  the  coast  of 
Chili  and  Peru  would  never  be  able  to  cross  the  AndeS|  so  as  to .  reach 
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the  raateni  piaim  ^^nof ,  for  »  nmUar  reason,  would  thoee  fiist  established 
IB  the  Pampas,  xnr  the  valleys  of  the  Ami|^n  and  the  Orinoeo,  ever 
arrive  at  the  shores  of  the  Pacific 

In  the  ooeaa  an  a^ogoos  state  of  things  would  prevail ;  for  there, 
ako,  climate  would  exert  a  great  influence  in  limiting  the  range  of  spe- 
dee,  and  the  land  would  stop  the  migrations  of  aquatio  tribes  as  effectually 
as  the  sea  arrests  the  disperrion  of  the  terrestrial.  As  certain  birds,  in- 
sects, and  the. seeds  ni  plants,  can  never  cross  the  dixection  of  prevailing 
winds,  so  currents  form  natural  barriers  to  the  dissemination  of  many 
oceanic  races.  A  luie  of  shoals  may  be  as  impassable  to  deep-water 
apeciee,  as  are  the  Alps  and  the  Andes  to  plants  and  animak  peculiar  to 
plants ;  wh^e  deep  Abysses  may  prove  insuperable  obstadea  to  the  migra- 
ticmsof:  the  inhabitants  of  shallow  waters. 

Supp&ied  €enire$^  w  focij  ef  creo^ton.— It  is  worthy  of  observation, 
that  one  effect  <^  the  introduction  of  single  paiis  of  each  species  must  be 
the  confined  nu^  of  certain  groups  in  spots,  which,  like  small  islands, 
or  solitary  inland  lakes,  have  fow  means  of  interchanging  their  inhabit- 
ants with  adjoining  regions*  Now  this  congregating  in  a  small  qmoe 
of  many  pecidiar  species,  would  give  an  appearance  of  centres  or  fod  of 
ideation,  as  they  have  been  termed,  aa  if  they  were  fovourite  points 
where  the  creative  ene^  has  be^  in  greater  action  than  in  others,  and 
where  the  numbers  of  peculiar  organic  beings  have  consequently  become 
more  considerable, 

I  do  not  mean  to  call  in  question  the  soundness  of  the  infer^ces  of 
some  botanists,  as  to  the  former  existence  of  certain  limited  spots  whence 
species  of  plants  have  been  prc^>agated,  radiating,  as  it  were,  in  all  direc- 
tions from  a  common  centre.  On  the  contrary,  I  conceive  these-  pheno* 
mena  to  be  the  neceasary  consequences  of  the  plan  of  nature  before  sug* 
gested;  operating  during  the  successive  mutations  of  the  surface,  some  of 
which  the  geologist  can  prove  to  have  taken  place  subsequently  to  the 
period  when  many  species  now  existing  were  created.  In  order  to  ex- 
empli how  "this  arrangement  of  plants  may  have  been  produced,  let  us 
imagine  that,  about  three  centuries  before  the  discovery  of  St.  Helena 
(itself  of  submarine,  volcanic  origin),  a  multitude  of  new  isknds  had 
be^i  thrown  up  in  the  surrounding  sea,  and  that  these  had  each  become 
clothed  with  plants  emigrating  from.  St.  Helena,  in  the  same  manner  as 
the  wild  plants  of  Campania  have  difiused  themselves  over  Monte  Nuovo. 
Whenever  the  first  botanist  investigated  the  new  archipelago,  he  would, 
in  all  probability,  find  a  difierent  assemblage  of  plants  in  each  of  the 
islands  d  recent  formation ;  but  in  St  Helena  itself  he  would  meet  with 
individuals  of  every  species,  belonging  to  all  parts  of  the  archipelago, 
and  some,  in  addition,  peculiar  to  itself,  viz.,  those  which  had  not  been 
able  to  obtain  a  passage  into  any  one  of  the  surrounding  new-formed 
lands.  In  this  case  it  might  be  truly  said  that  the  original  island  was 
the  primitive  focus,  or  centre,  of  a  certain  type  of  vegetation ;  whereas, 
in  the  surrounding  islands,  there  would  be  a  smaller  number  of  specie^ 
yet  aU  bekm^ng  to  the  same  group.- 
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But  this  peculiar  distribution  of  plants  would  not  wanrant  the  ooDcIa- 
■ion  that,  in  the  space  occuf^ied  by  St.  Hdena,  there  had  been  a  greater 
exertion  of  creative  power  than  in  the  spaces  of  equal  area  occupied  bj 
the  new  adjacent  lands ;  because,  within  the  period  in  which  St.  HeleDA 
had  acquired  its  peculiar  vegetation,  each  of  the  spots  supposed  to  be 
subsequently  converted  into  hind  may  have  been  the  birth-place  of  a  great 
number  of  marine  animals  and  plants,  which  may  have  had  time  to 
scatcer  themselves  far  and  wide  over  the  southern  Atlantic 

Why  distinct  provinces  not  more  blended, — ^Perhaps  it  may  be  ob- 
jected to  some  parts  of  the  foregoing  train  of  reasoning,  that  during  the 
lapse  of  past  ages,  especially  during  many  partial  revolutions  of  the 
globe  of  comparatively  modem  date,  different  zoological  and  botanical 
provinces  ought  to  have  become  more  confounded  and  blended  together 
— that  the  distribution  of  species  approaches  too  nearly  to  what  might 
have  been  expected,  if  animals  and  plants  had  been  introduoed  into  the 
globe  when  its  physical  geography  had  already  assumed  the  features 
which  it  now  wears ;  whereas  we  know  that,  in  certain  districts,  conside- 
rable geographical  changes  have  taken  place  since  species  identical  with 
those  now  in  being  were  created. 

BrocckPs  speculations  on  loss  of  species, — ^These  and  many  kindred 
topics  cannot  be  fully  discussed  until  we  have  considered,  not  merely  the 
general  laws  which  may  regulate  the  first  intioduction  of  spedes,  but 
those  which  may  limit  their  duration  on  the  earth.  Brocchi  remaiked, 
when  hazarding  some  interesting  conjectures  respecting  '^the  loss  of 
species,^'  that  a  modem  naturalist  had  no  small  assurance,  who  declared 
^  that  individuals  alone  were  capable  of  destraction,  and  that  species 
were  so  perpetuated  that  nature  could  not  annihilate  them,  so  long  as 
the  planet  lasted,  or  at  least  that  nothing  less  than  the  shock  of  a  comet, 
or  some  similar  disaster,  could  put  an  end  to  their  existence.'^  The 
Italian  geologist,  on  the  contraiy,  had  satisfied  himself  that  many  speoics 
of  Testacea,  which  formerly  inhabited  the  Mediterranean,  had  become 
extinct,  although  a  great  number  of  others,  which  had  been  the  contem- 
poraries of  those  lost  races,  still  survived.  He  came  to  the  opinion  that 
about  half  the  species  which  peopled  the  waters  when  the  Subapennine 
strata  were  deposited  had  g^e  out  of  existence ;  and  in  this  inference  he 
does  not  appear  to  have  been  far  wrong. 

But,  instead  of  seeking  a  solution  of  this  problem,  like  some  other 
geologists  of  his  time,  in  a  violent  and  general  catastrophe,  Brocdii  en- 
deavoured to  imagine  some  regular  and  constant  law  by  which  species 
might  be  made  to  disappear  fix>m  the  earth  gradually  and  in  succession. 
The  death,  he  suggesteid,  of  a  species  might  depend,  like  that  of  indivi- 
duals, on  certain  peculiarities  of  constitution  conferred  upon  them  at 
their  birth ;  and  as  the  longevity  of  the  one  depends  on  a  certain  force 
of  vitality,  which,  after  a  period,  grows  weaker  i£nd  weaker,  so  the  dura- 
tion of  the  other  may  be  governed  by  the  quantity  of  prolific  power 

*  K«oker,  PhytozooL  Philosoph.  p.  21. ;   Brooohi,  Conch.  Fow.  Sabain,  tome 
229. 
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bestowed  upon  the  species  which,  after  a  season,  may  dechne  in  energy, 
so  that  the  fecundity  and  multiplication  of  individuals  may  be  gradually 
lessened  from  century  to  century,  "•  until  that  &tal  term  arrives  when  the 
embryo,  incapable  of  extending  and  developing  itself^  abandons,  ahnost 
at  the  instant  of  its  formation,  the  slender  principle  of  life  by  which  it 
was  scarcely  animated, — ^and  so  aU  dies  with  it.'* 

Now  we  may  coincide  in  opinion  with  the  Italian  naturalist,  as  to  the 
gradual  extinction  of  species  one  after  another,  by  the  operation  of  regular 
and  constant  causes,  without  admitting  an  inherent  principle  of  deteriora 
tion  in  their  physiological  attributes.  We  might  concede,  "  that  many 
species  are  on  the  decline,  and  that  the  day  is  not  far  distant  when  they 
fvill  cease  to  exist  '^  yet  deem  it  consistent  with  what  we  know  of  the 
nature  of  organic  beings,  to  believe  that  the  last  individuals  of  each  species 
retain  their  prolific  powers  in  their  full  intensity. 

Brocchi  has  himself  speculated  on  the  share  which  a  change  of  climate 
may  have  had  in  rendering  the  Mediterranean  unfit  for  the  habitation  of 
certain  Testacea,  which  still  continued  to  thrive  in  the  Indian  Ocean,  and 
of  others  which  were  now  only  represented  by  analogous  forms  within 
the  tropics.  He  must  also  have  been  aware  that  other  extrinsic  causes, 
such  as  the  progress  of  human  population,  or  the  increase  of  some  one 
of  the  inferior  animals,  might  gradually  lead  to  the  extirpation  of  a  par- 
ticular species,  although  its  fecundity  might  remain  to  the  last  unimpaired. 
I^  therefore,  amid  the  vicissitudes  of  the  animate  and  inanimate  world, 
there  are  known  causes  capable  of  bringing  about  the  decline  and  extir- 
pation of  species,  it  became  him  thoroughly  to  investigate  the  full  extent 
to  which  these  might  operate,  before  he  speculated  on  any  cause  of  so 
purely  hypothetical  a  kind  as  "  the  diminution  of  the  prolific  virtue." 

If  it  could  have  been  shown  that  some  wild  plant  had  insensibly  dwin- 
died  away  and  died  out,  as  sometimes  happens  to  cultivated  varieties  pro- 
pagated by  cuttings,  even  though  climate,  soil,  and  every  other  circum- 
stance, should  continue  identically  the  same — ^if  any  animal  had  perished 
while  the  physical  condition  of  the  earth,  and  the  number  and  force  of 
its  foes,  with  every  other  extrinsic  cause,  remain  unaltered,  then  might  we 
have  some  ground  for  suspecting  that  the  infirmities  of  age  creep  on  as 
naturally  on  species  as  apon  individuals.  But,  in  the  absence  of  such  ob- 
servations, let  us  turn  to  another  class  of  facts,  and  examine  attentively 
the  circumstances  which  determine  the  »to/{o7W  of  particular  animals  and 
plants,  and  perhaps  we  shall  discover,  in  the  vicissitudes  to  which  these 
stations  are^  exposed,  a  cause  fully  adequate  to  explain  the  phenomena 
under  consideration. 

Stations  of  plants  and  animals, — Stations  comprehend  all  the  cir- 
cumstances, whether  relating  to  the  animate  or  inanimate  world,  which 
determine  whether  a  given  plant  or  animal  can  exist  in  a  given  place ; 
so  that  if  it  be  shown  that  stations  can  become  essentially  modified  by 
the  influence  of  known  causes,  it  will  follow  that  species,  as  well  as  indi- 
viduals, are  mortal. 

Every  naturalist  is  femiliar  with  the  fact,  that  although  in  a  particular 
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eoontryy  such  m  Great  Britain,  th^re  may  be  more  thas  tkrae  thoiuaiid* 
species  of  plants^  ten  thousand  insects,  and  a  great  Tariety  m  each  of  th« 
other  claflses ;  yet  th^re  will  not  be  more  than  a  hundred,  ][)erhaps  not 
half  that  number,  inhabiting  any  given  locality*  There  may  be  no  want 
of  spaoe  in  the  supposed  tract :  it  may  be  a  laige  mouatun^  or  an  exten* 
sive  moor,  or  a  great  river  plain,  containing  room  enough  for  individuaLi 
of  every  species  in  our  island ;  yet  the  spot  will  be  ococ^ied  by  a  few  to 
the  exdusion  of  many,  and  these  few  are  enabled,  throughout  long  perioda^ 
to  maintain  thdr  ground  successfully  against  every  intruder,  notwith- 
standing the  facilities  which  species  enjoy,  by  virtue  of  theif  power  of  dif* 
fmoD,  of  invading  adjacent  territories. 

The  principal  causes  which  enable  a  certain  asseml^age  of  plants  thus 
to  maintain  their  ground  against  all  others  depend,  as  is  well  known,  on 
the  relations  between  the  physiological  nature  of  each  speciea,  and  the 
climate,  exposure,  soil,  and  other  physical  conditions  of  the  locality.  Some 
plants  live  only  on  rocks,  others  in  meadows,. »  third  dass  in  maisheBL 
Of  the  latter,  some  delight  in  a  fresh-water  morii8s,-^<ydierB  in  ealt  manhes, 
where  their  ro<^  may  copiously  absorb  saline  paitides.  Some  prefer  an 
alpine^  region  in  a  warm  latitude,  where,  during  the  heat  of  aummery 
they  are  constantly  irrigated  by  the  cool  waters  <^  melting  snowsj  To 
others  loose  sand,  so  fatal  to  the  generality  of  spedes^  afbrds  i^e  most 
proper  station.  The  Oarex  arenaria  and  the  JBlymut  €trenarims  aoquive 
their  full  vigor  on  a  sandy  dune,  obtaining  an  ascendancy  over  the  veiy 
plants  which  in  a  stiff  clay  would  immediately  stifle  them. 

Where  the  soil  of  a  district  is  of  so  peculiar  a  nature  that  it  is  extremely 
favorable  to  certain  species,  and  agrees  ill  with  every  other,  the  former 
get  exclusive  possession  of  the  ground,  and,  as  in  the  case  of  heaths,  live 
in  societies.  In  like  manner  the  bog  moss  [Spkoffnum)  is  fully  devel<^ed 
in  peaty  swamps,  and  becomes,  like  the  heath,  in  the  language  of  bota- 
nists, <a  social  plant.  Such  monopolies,  however,  are  not  conomon,  for  they 
ars  chedced  by  various  causes.  Not  only  are  many  qpeeiea  endowed  with 
equal  powers  to  obtain  and  keep  possession  of  similar  stations,  but  each 
plant,  for  reasons  not  fully  explained  by  the  physiolo^st,  has  the  pitperty 
of  rendering  the  soil  where  it  has  grown  less  fitted  for  the  suf^Mrt  «f 
other  individuals  of  its  own  species,  or  even  other  species  of  the  same 
fftmily.  Yet  the  same  spot,  so  far  from  being  impoverished,  is  improved, 
for  plants  of  ano^er  &inily.  Oaks,  for  example^  render  the  scdl  more 
fertile  for  the  fir  tribe,  and  firs  prepare  thesoi)  for  oaks.  Ereiy  agricul- 
turist feels  the  foKC  of  this  law  of  the  organic  world,  and  rogulatos  ac- 
cordingly the  rotation  of  his  crops. 

HguUibrium  m  tkenumber  of  specieB,  haw pimerv^k^^  All  tha plants 
of  a  given  country,"  says  De  CandoUe,  in  his  usual  spirited  style,  "are at 
war  one  witli  another.  The  firrt  which  eaUblish  themselves  by  chance 
in  a  particular  ^t  tend,  by  the  mere  occupancy  of  space,  to  ezcfaide 
other  spedes — ^the  greater  choke  the  smaller ;  the  longest  livers  refdaoa 
those  which  last  for  a  shorter  period ;  the  more  prolific  gradually  make 
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ihemiehpes  maaten  of  the  grotmd,  whi<^  «pecm  mnltipljing  more  iHiMj 
would' oth^nFise  fiH"    ' 

Is  tluA  continual  strife  it  k  not  always  the  reaouroea  of  the  plant  itaetf 
whioh  liable  it  to  maintain  or  extend  itfr  ground.  Ita  aucceia  depends, 
in  a  great  meaaure,  on  the  number  of  ita  fbes  or  allies  among  the  anknais 
and  plants  inhabiting  the  same  region.  Thus,  for  example,  a  herb 
wlik^  lovea  the  shade  may  multiply,  if  some  tree  with  spreading  boughs 
and  denae  foliage  ilourish  in  the  neighborhood.  Another,  which,  if  un 
aaeisted,  would  be  overpowered  by  the  rank  growth  of  some  hardy  com* 
petitor,  w  secure  because  its  leayes  are  unpalataUe  to  cattle ;  which,  on 
the  other  hand,  annually  crop  down  its  antagonist^  and  rarely  sufisr  it  to 
ripen  itB  seed.     ' 

Oftentimes  we  see  some  herb  which  has  flowered  in  the  midst^of  a 
thorny  shrub,  when  all  the  other  individuals  of  the  same  species,  in  the 
open  fields  around,  are  eaten  down,  and  cannot  bring  their  seed  to 
niaturity.  In  tins  case,  the  shrub  has  lent  his  armor  of  spines  and 
pricklea  to  ptot€fct  the  defenoelefls  hei-b  against  the  mouths  of  the  cattle, 
and  thus  a  few  individuals  which  occupied,  perhaps,  the  most  un&voi^ 
able  station  in  regard  to  exposure,  soil,  and  other  ctrcumstaaoes,  may, 
nevertheless,  by  the  aid  of  an  aUy,  become  the  principal  source  whereby 
the  winds  are  supplied  with  seeds  which  perpetuate  the  spedes  through- 
out the  sun^Minding  tract  Thus,  in  the  New  Forest  in  Hampshire^  the 
young  oaks  which  are  not  consumed  by  the  deer,  or  uprooted  by  the 
swine,  are  indebted  to  the  holly,  for  their  escape. 

In  the  above  examples  we  see  cue  plant  shielding  another  from  the 
attacks  of  animals;  but  instances  are,  perhaps,  still  more  numerous, 
where  some  animal  defends  a  plant  against  the  enmity  of  some  other 
subject  of  the  vegetable  kingdom. 

Scarcely  any  beast,  observes  a  Swedish  naturalist,  will  touch,  the 
netde,  but  fi^ v  different  kinds  of  insects  aifo  fed  by  it*  Some  of  these 
seize  upon  the  root,  others  upon  the  stem ;  some  eat  the  leaves,  others 
devour  the  seeds  and  floweis ;  but  for  this  multitude  of  enemies,  the 
nettle  (  Urtica  dioica),  which  is  now  found  in  all  the  four  quarters  of  the 
globe,  would  annihiUte  a  great  number  of  plants.  linnseus  teUs  us,  in 
his  '^  Tony  in  Scania,''  that  goats  were  turned  into  an  islnnd  which 
abounded  with  the  AffrwtU  ammdinacea^  where  J&ey  perished  hy  fEonine^ 
but  horses  which  followed  them  grew  £Eit  on  the  same  phint  The  goat, 
also,  he  says,  thrives  on  the  meadowsweet  and  wsiterhemlock,.  plants 
which  are  injurious  to  catdcf 

Agency  of  msecU. — ^Every  plant,  observes  Wilcke^  has  ita  proper  inr 
sect  allotted'to  it  to  curb  its  luxuriancy,  and  to  preventit  from  miiltiply- 
in^  to  the  exclusion  of  others.  *'Thus  grass  in  meadows  sometimea 
flourishes  so  as  to  exclude  all  other  plants ;  here  the  Phabsnai^raiBinia 
{Bombya  yrcm^y  with  her  numerous  progeny^  finds  a  wellrspread^  table ; 

•  Amain.  Acad.  voL  vi  p.  17.  §  12.  \  Ibid.  voL  viL  p.  40«i 
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ihej  multiply  m  immense  nmnben,  and  the  farmer,  for  some  yeam^ 
laments  the  failure  of  his  crop ;  but  the  grass  being  consumed,  the 
moths  die  with  hunger,  or  remove  to  another  place.  Now  the  quantity 
<^  grass  being  greatly  diminished,  the  other  plants,  which  were  before 
choked  by  it,  spring  up,  and  the  ground  becomes  yariegated  with  a  mul- 
titude of  different  species  of  flowers.  Had  not  nature  given  a  commis- 
sion to  this  minister  for  that  purpose,  the  grass  would  destroy  a  great 
number  of  species  of  vegetables,  of  which  the  equilibrium  is  now  kept 
up."* 

In  the  above  passage  allusion  is  made  to  the  ravages  committed  in 
1740,  and  the  two  following  years,  in  many  provinces  of  Sweden,  by  a 
most  destructive  insect  The  same  moth  is  said  never  to  touch  the  fox- 
tail grass,  so  that  it  may  be  classed  as  a  most  active  ally  and  benefactor 
of  that  species,  and  as  peculiarly  instrumental  in  preserving  it  in  its 
present  abundance.f  A  discovery  of  Rolander,  cited  in  the  treatise  <^ 
Wilcke  above  mentioned,  affords  a  good  illustration  of  the  checks  and 
counter-checks  which  nature  has  appointed  to  preserve  the  balance  of 
power  among  species.  ^The  PhaJUma  strolnlella  has  the  fir  cone 
assigned  to  it  to  deposit  its  eggs  upon ;  the  young  caterpillars  coming 
out  of  the  shell  consume  the  cone  and  superfluous  seed ;  but,  lest  the 
destruction  should  be  too  general,  the  Ichneumon  strobilelUBl&jsits  eggs 
in  the  caterpillar,  inserting  its  long  tail  in  the  openings  of  the  cone  till  it 
touches  the  included  insect,  for  its  body  is  too  large  to  enter.  Thus  it 
fixes  its  minute  egg  upon  the  caterpillar,  which  bedng  hatdied,  destroys 
it't 

Entomologists  enumerate  many  parallel  cases  where  insects,  appropri- 
ated to  certain  plants,  are  kept  down  by  other  insects,  and  these  again 
by  parasites  expressly  appointed  to  prey  on  them.§  Few  perhaps  are  in 
the  habit  of  duly  appreciating  the  extent  to  which  insects  are  active  in 
preserving  the  balance  of  species  among  plants,  and  thus  regulating  in- 
directly the  relative  numbers  of  many  of  ihe  higher  orders  of  terrestrial 
animals. 

The  peculiarity  of  their  agency  consists  in  their  power  of  suddenly 
multiplying  their  numbers  to  a  degree  which  could  only  be  accomplished 
in  a  considerable  lapse  of  time  in  any  of  the  larger  animals,  and  then  as 
instantaneously  relapsing,  without  the  intervention  of  any  violent  disturb- 
ing cause,  into  their  former  msignificance. 

n^  for  the  sake  of  employing,  on  different  but  rare  occasions,  a  power 
of  many  hundred  horses,  we  were  under  the  necessity  of  feeding  all  these 
animals  at  great  cost  in  the  intervals  when  their  services  were  not  re- 
quired, we  should  greatly  admire  the  invention  of  a  machine,  such  as  the 
steam-engine,  which  was  capable  at  any  moment  of  exerting  the  same 
degree  of  strength  without  any  consumption  of  food  during  periods  of 
inaction.  The  same  kind  of  admiration  is  strongly  excited  when  we 
contemplate  the  powers  of  insect  life,  in  the  creation  of  which  the  Author 

*  AmcBiL  Aoad.,  vol  vi  p.  17.  g  11,  12.     jh  Kirby  and  Spenee^  vol  i.  p.  178. 
t  Amoen.  Acad.,  vol  vi  p.  26.  §  14.         g  Kirby  and  Spence^  vol  iv.  p^  218. 
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of  nature  jias  t>eeii  so  prodigal.  A  aoanty  number  of  minute  individuals, 
to  be  detected  only  by  careful  research,  are  ready  in  a  few  days,  weeks, 
or  ncK)nths^  to  give  birth  to  myriadi,  which  may  repress  any  degree  ot 
monopoly  in  another  species,  or  remove  nuisances,  such  aa  dead  oarcases, 
which  might  taint  the  air.  But  no  sooner  has  the  destroying  commis- 
sion been  executed  than  the  gigantic  power  becomes  dormant — each  of 
the  mighty  host  soon  reaches  the  term  of  its  transient  existence,  and  the 
season  arrives  when  the  whole  species  passes  naturally  into  the  egg^  and 
thence  into  the  larva  and  pupa  state.  In  this  defenceless  condition  it 
may  be  destroyed  either  by  the  elements,  or  by  the  augmentation  of 
some  of  its  numerous  foes  which  may  prey  upon  it  in  the  early  stages  of 
its  transfonnation :  or  it  often  happens  that  in  the  following  year  the 
season  proves  un&vorable  to  the  hatching  of  the  eggs  or  the  develop- 
ment of  the  pupaB. 

Thus  the  swarming  myriads  depart  which  may  have  covered  the  vege- 
tation like  the  aphides,  or  darkened  the  air  like  locusta.  In  almost  eveiy 
season  there  are  some  species  which  in  this  manner  put  forth  thai 
sizength,  and  then,  Hke  Milton's  spirits,  which  thronged  the  spacious 
hall,  ^  reduce  to  smallest  fonns  their  shapes  immense" — 


-  So  thick  the  aSiy  crowd 


Swarm'd  and  wwe  atraitcn'd ;  till  the  signal  given. 
Behold  a  wonder  1  they  bat  now  who  seem'd 
In  bigness  to  sorpass  earth's  giant  sons^ 
Now  less  than  smallest  dwarfs. 

A  few  examples  will  illustrate  the  mode  in  which  this  force  operates. 
It  is  well  known  that,  among  the  countless  species  of  the  insect  creation, 
some  feed  on  animal,  others  on  vegetable  matter ;  and  upon  considering 
a  catalogue  of  eight  thousand  British  Insects  and  Arachnidie,  Mr.  Earby 
found  that  these  two  divisions  were  nearly  a  counterpoise  to  each  other, 
the  carnivorous  being  somewhat  preponderant  There  are  also  distinct 
species,  some  appointed  to  consume  living,  others  dead  or  putrid  animal 
and  vegetable  substances.  One  female,  of  Musca  camarioy  will  ^ve  birth 
to  twenty  thousand  young ;  and  the  larvse  of  many  flesh-flies  devour  so 
much  food  in  twenty-four  hours,  and  grow  so  quickly,  as  to  increase  their 
weight  two  hundred-fold  I  In  five  days  after  being  hatched  they  arrive 
at  their  full  growth  and  size,  so  that  there  was  ground,  says  Eirby,  for  the 
assertion  of  Linnaeus,  that  tlu^  flies  of  Af,  vomitaria  could  devour  a  dead 
horse  as  quickly  as  a  lion*;  and  another  Swedish  naturalist  remarks,  that  so 
great  are  the  powers  of  propagation  of  a  single  species  even  of  the 
smallest  insects,  that  each  can  ccHumit,  when  required,  more  ravages  than 
the  elephantf 

Next  to  locustSj  the  aphides,  perhaps,  exert  the  greatest  power  over 
the  vegetable  world,  and,  like  them,  are  so  metimes  so  numerous  as  to 
darken  the  air.    The  multiplication  of  these  little  creatures  is  without 

•KirbyfmaSpeBM^volip.26a  f  Wikke^  Am«Bn.  Acad.  e.  ii 
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parallel,  and  almost  everj  plant  has  its  peculiar  Bpoaea^     Reanmiir  has 
proved  that  in  five  generations  one  aphis  maj  be  the  progoiitor  of 
5,904,900,000  descendants ;  and  it  is  supposed  that  in  one  year  then 
may  be  twenty  generations.*    Mr.  Cnrtis  observes  that^  as  amon^  cater- 
pillars  we  find  some  that  are  constantly  and  unalterably  attached  to  one 
or  more  particular  species  of  plants^  and  others  that  feed  indiacrindnately 
on  most  sorts  of  herbage,  so  it  is  precisely  with  the  aphides :  some  are 
particular,  others  more  general  feeders ;  and  as  they  resemble  other  inseds 
in  this  respect,  so  they  do  also  in  being  more  abundant  in  some  years 
than  in  others.!     In  1793  they  were  the  chief^  and  in  1798  the  sole, 
cause  of  the  failure  of  the  hops.    In  1794,  a  season  almost  unparaDekd 
for  drought,  the  hop  was  perfectly  free  from  them ;  while  peas  and  beans, 
especially  the  former,  suffered  very  much  frt>m  their  depredations^ 

The  ravages  of  the  caterpillan  of  some  of  our  smaller  moths  afibid  a 
good  illustration  of  the  temporary  increase  of  a  species.  The  oak-trees 
of  a  considerable  wood  have  been  stripped  <^  thdr  leaves  as  hun  as  in 
winter  by  the  caterpillais  <^  a  .small  green  moth  {Tortrix  viridtmai 
which  has  been  observed  the  year  following  not  to  abound.^  The  alvsr 
Y  moth  {Plusia  pamma),  although  one  of  our  conmion  spedes,  is  not 
dreaded  by  us  for  its  devastations ;  but  legions  of  their  caterpillais  have 
at  times  created  alarm  in  France,  as  in  1735.  Reaumur  observes  that 
the  female  moth  lays  about  four  hundred  ^gs;  so  that  if  twenty  cater- 
pillars were  distributed  in  a  garden,  and  all  lived  through  the  winter  and 
became  moths  in  the  succeeding  May,  the  eggs  laid  by  these,  if  half  of 
them  were  female  and  all  fertile,  would  in  the  next  generation  produce 
800,000  caterpillars.§  A  modem  writer,  therefore,  justiy  observes  that, 
did  not  Providence  put  causes  in  operation  to  keep  tiiem  in  doe  bounds, 
the  caterpiUars  of  this  moth  alone,  leavipg  out  of  consideration  the  two 
thousand  other  British  species,  might  soon  destroy  more  than  half  of  oar 
vegetation.| 

In  the  latter  part  of  the  last  century  an  ant  most  destructive  to  the 
sugar-cane  {Formiea  saecharivara),  appeared  in  such  infinite  hosts  in  the 
island  of  Granada,  as  to  put  a  stop  to  the  cultivation  of  that  vegetablcL 
Their  numbers  were  incredible.  The  plantations  and  roads  were  filled 
with  them ;  many  domestic  quadrupeds,  t<^ther  with  rats,  mice,  and 
reptiles,  and  even  birds,  perished  in  consequence  of  this  plague.  It  was 
not  till  1780  that  they  were  at  length  annihilated  by  torrents  of  rain, 
which  accompanied  a  dreadful  hurricane.^ 

Devastaiiona  catued  hy  locusts, — ^We  may  conclude  by  mentioning 
some  instances  of  the  devastations  of  locusts  in  various  countries.  Among 
other  parts  of  Africa,  Oyrenaica  has  been  at  different  periods  infested  by 
myriads  of  these  creatures,  which  have  consumed  neariy  every  green 
thing.    The  effect  of  the  havoc  committed  by  them  may  be  estimated 

*  Eirby  and  Spence,  vol  i.  p.  174.  f  Trsnii  Linn.  Soe.,  voL  vL 

1  lib.  KDt  Know.,  Insect  Tranii,  p.  208.    See  Haworth,  Le^x 
i  Reaumur,  il  837.  |  lib.  Ent  Know.,  Insect  Tran&,  p^  211 

5[  Kirby  and  Spence,  vol.  i  p.  188.  '  Castle,  Pha  Transi,  zdl  Z46. 
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hj  the  famine  they  occasioned.  St  Augustin  mentions  a  plague  of  this 
kind  in  A£ica,  which  destroyed  no  less  than  800,000  men  in  the  king- 
iom  of  Massinissa  alone,  and  many  more  upon  the  territories  bordering 
upon  the  sea.  It  is  also  related,  that  in  the  year  591  an  infinite  army 
of  locusts  migrated  from  Africa  into  Italy ;  and,  after  grievously  ravaging 
the  country,  were  cast  into  the  sea,  when  there  arose  a  pestilence  from 
their  stench,  which  carried  off  nearly  a  million  of  men  and  beasts. 

In  the  Venetian  territory,  also,  in  1748,  more  than  thirty  thousand 
persons  are  said  to  have  perished  in  a  famine  occasioned  by  this  scourge ; 
and  other  instances  are  recorded  of  their  devastations  in  France,  Spain, 
Italy,  Germany,  dec.  In  different  parts  of  Russia  also,  Hungary,  and 
Poland,  in  Arabia  and  India,  and  other  countries,  their  visitations  have 
been  periodically  experienced.  Although  they  have  a  preference  for 
certain  plants,  yet,  when  these  are  consumed,  they  will  attack  almost  all 
the  remainder.  In  the  accounts  of  the  invasion  of  locusts,  the  state- 
ments which  appear  most  marvellous  relate  to  the  prodigious  mass  of 
matter  which  encumbers  the  sea  wherever  they  are  blown  into  it,  and  the 
pestilence  arising  from  its  putrefiGU^tion.  Their  dead  bodies  are  said  to 
have  been,  in  some  places,  heaped  one  upon  another,  to  the  depth  of  four 
feet,  in  Russia,  Poland  and  Lithuania ;  and  when,  in  Southern  Africa, 
they  were  driven  into  the  sea,  by  a  north-west  wind,  they  formed,  says 
Barrow,  along  the  shore,  for  fifty  miles,  a  bank  three  or  four  feet  high.* 
But  when  we  consider  that  forests  are  stripped  of  their  foliage,  and  the 
earth  of  its  green  garment  for  thousands  of  square  miles,  it  may  well  be 
supposed  that  the  volume  of  animal  matter  produced  may  equal  that  of 
great  herds  of  quadrupeds  and  flights  of  large  birds  suddenly  precipitated 
into  the  sea. 

The  occurrence  of  such  events,  at  certain  interval)^  in  hot  countries, 
like  the  severe  winters  and  damp  summers  returning  after  a  series  of 
years  in  the  temperate  zone,  may  affect  the  proportional  numbers  of 
almost  all  daiases  of  animals  and  plants,  and  probably  prove  fatal  to  the 
existence  of  many  which  would  otherwise  thrive  there ;  while,  on  the 
contrary,  the  same  occurrences  can  scarcely  fail  to  be  favorable  to 
certain  species  which,  if  deprived  of  such  aid,  might  not  maintain  their 
ground. 

Although  it  may  usually  be  remaiked  that  the  extraordinary  increase 
of  some  one  species  is  immediately  followed  and  checked  by  the  multi- 
plication of  another,  yet  this  does  not  always  happen ;  partly  because 
many  species  feed  in  common  on  the  same  kinds  of  food,  and  partly  be- 
cause many  kinds  <^  food  are  often  consumed  indifferently  by  one  and 
the  same  species.  In  the  former  case,  where  a  variety  of  different  ani- 
mals have  precisely  the  same  taste,  as,  for  example,  when  many  insec- 
tivorous birds  and  reptiles  devour  alike  some  particular  fly  or  beetle,  the 
unusual  numbers  of  these  insects  may  cause  only  a  slight  and  almost 
imperceptible  augmentation  of  each  of  these  species  of  bird  and  reptile. 

•  Travels  in  Africa,  p.  261.    Kirby  and  Spencc,  voL  i.  p.  21*. 
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In  the  other  instances,  where  one  animal  preys  on  others  of  almost  eveij 
class,  as  for  example,  where  our  English  buzzards  devour  not  only  small 
quadrupeds,  as  rabbits  and  field-mice,  but  also  birds,  froga^  lixsrds,  and 
insects,  the  profusion  of  any  one  of  these  last  may  cause  all  aoch  geneiai 
feeders  to  subsist  more  exclusively  upon  the  species  thus  in  excess^  by 
which  means  the  balance  may  be  restored. 

Agency  of  amnivorotu  animals. — ^The  number  of  specieB  whidi  are 
nearly  omnivorous  is  considerable ;  and  although  every  animal  has,  pei^ 
haps,  a  predilection  for  some  one  description  of  food  rather  than  another, 
yet  some  are  not  even  confined  to  one  of  the  great  kingdoms  of  the  or- 
ganic world.  Thus,  when  the  raccoon  of  the  West  Indies  can  procaie 
neither  fowls,  fish,  snails,  nor  insects,  it  will  attack  the  sugar-canes,  and 
devour  various  kinds  of  grain.  The  civets,  when  animal  food  is  acaroe, 
maintain  themselves  on  fruits  and  roots. 

Numerous  birds,  which  feed  indiscriminately  on  insects  and  plants^ 
are  perhaps  more  instrumental  than  any  other  of  the  terrestrial  tribes  in 
preserving  a  constant  equilibrium  between  the  relative  numbers  of  dife- 
ent  classes  of  animals  and  vegetables.  If  the  insects  become  very  nu- 
merous and  devour  the  plants,  these  birds  will  immediately  derive  a 
larger  portion  of  their  subsistence  from  insects,  just  as  the  Arabians, 
Syrians,  and  Hottentots  feed  on  locusts,  when  the  locusts  devour  th^ 
crops. 

jReeiprocal  influence  (f  oquaHc  and  terrestrial  species. — ^Tbe  intimate 
relation  of  the  inhabitants  of  the  water  to  those  of  the  land,  and  the  in* 
fluence  exerted  by  each  on  the  relative  number  of  species,  must  not  be 
overlooked  amongst  the  complicated  causes  which  determine  the  exist- 
ence of  animals  and  plants  in  certain  regions.  A  large  portion  of  the 
amphibious  quadrupeds  and  reptiles  prey  partly  on  aquatic  plants  and 
animals,  and  in  part  on  terrestrial ;  and  a  deficiency  of  one  kind  of  pi«y 
causes  them  to  have  immediate  recourse  to  the  other.  The  voracity  of 
certain  insects,  as  the  dragon-^y,  for  example,  is  confine)^  to  tbe  water 
during  one  stage  of  their  transformations,  and  in  their  perfect  state  to  the 
air.  Innumerable  water-birds,  both  of  rivers  and  seas,  derive  in  like 
manner  their  food  indifferentiy  from  either  element ;  so  that  the  abm^ 
dance  or  scarcity  of  pr^y  in  one  induces  them  either  to  forsake  or  more 
constantiy  to  haunt  the  other.  Thus  an  intimate  cormection  between 
the  state  of  the  animate  creation  in  a  lake  or  river,  and  in  the  adjoining 
dry  land,  is  maintained ;  or  between  a  continent,  with  its  lakes  and  riv- 
ers, and  the  ocean.  It  is  well  known  that  many  birds  migrate,  during 
stormy  seasons,  from  the  sea-shore  into  the  interior,  in  search  ^  food; 
while  others,  on  the  contrary,  urged  by  like  wants,  forsake  their  inland 
haunts,  and  live  on  substances  rejected  by  the  tide. 

The  migration  of  fish  into  rivers  during  the  spawning  season  supplies 
another  link  of  the  same  kind.  Suppose  the  salmon  to  be  reduced  in 
numbers  by  some  marine  foes,  as  by  seals  and  grampuses,  the  consequeooe 
must  often  be,  that  in  the  course  of  a  few  years  the  otters  at  the  distance 
'^  ~  "^eral  hundred  milea  inland  will  be  lessened  in  number  firom  the 
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ficardtj  of  tisk  On  the  other  hand,  if  there  be  a  dearth  of  food  for  the 
young  fry  of  the  salmon  in  rivers  and  estuaries,  so  that  few  return  to  the 
sea,  the  sand  eels  and  other  marine  species,  which  are  usually  kept  down 
by  the  salmon,  will  swarm  in  greater  profusion. 

It  is  unnecessary  to  accumulate  a  greater  number  of  illustrations 
in  order  to  prove  that  the  stations  of  different  plants  and  animals 
depend  on  a  great  complication  of  circumstances, — on  an  immense 
variety  of  relations  in  the  state  of  the  inanimate  worlds.  Every  plant 
requires  a  certain  climate,  soil,  and  other  conditions,  and  often  the  aid 
of  many  animals,  in  order  to  maintain  its  ground.  Many  animals  feed 
on  certain  plants,  being  often  restricted  to  a  small  number,  and  some- 
times to  one  only;  other  members  of  the  animal  kingdom  feed  on 
plant-eating  species,  and  thus  become  dependent  on  the  cczditions  of 
the  stations  not  only  of  their  prey,  but  of  the  plants  consumed  by  them. 

Having  duly  reflected  on  the  nature  and  extent  of  these  mutual 
relations  in  the  different  parts  of  the  organic  and  inorganic  worlds,  we 
nay  next  proceed  to  examine  the  results  which  may  be  anticipated 
from  the  fluctuations  now  continually  in  progress  in  the  state  of  the 
earth's  surface,  and  in  the  geographical  distribution  of  its  living  pro- 
ductions. 
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EXTINCTION   07   SPBOIBS. — CHANGES   IK  THE   STATIONS   07   ANIMALS. 

Eztenuon  of  the  range  of  one  species  alters  the  condition  of  many  others — ^The 
first  appearance  of  a  new  species  causes  the  chief  disturbance — ^Changes 
known  to  have  resalted  irom  the  advance  of  human  popnlation-^Whether 
man  increases  the  productive  powers  of  the  earth — ^Indigenous  quadnipeds 
and  birds  extirpated  in  Great  Britain — ^Extinction  of  the  dodo— Rapid  propa- 
gation of  domestic  qnadmpeds  in  America — ^Power  of  exterminating  species 
no  prerogative  of  man — Condnding  remarks 

We  have  seen  that  the  stations  of  animals  and  plants  depena  not 
merely  on  the  influence  of  external  agents  in  the  inanimate  world,  and 
the  relations  of  that  influence  to  the  structure  and  habits  of  each  spe- 
cies, but  also  on  the  state  of  the  contemporary  living  beings  which 
inhabit  the  same  part  of  the  globe.  In  other  words,  the  possibility  of 
the  existence  of  a  certain  species  in  a  given  place,  or  of  its  thriving 
more  or  less  therein,  is  determined  not  merely  by  temperature,  humi- 
dity, soil,  elevation,  and  other  circumstances  of  the  like  kind ;  but  also 
by  the  existence  or  non-existence,  the  abundance  or  scarcity,  of  a  parti- 
cular assemblage  of  other  plants  and  animals  in  the  same  region. 

If  it  be  shown  that  both  these  classes  of  circumstances,  whether 
relating  to  the  animate  or  inanimate  creation,  are  perpetually  changing, 
it  will  follow  that  species  are  subject  to  incessant  vicissitudes;  and  if 
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the  result  of  these  mutations,  in  the  course  of  ages,  be  so  great  aa 
materiallj  to  affect  the  general  condition  of  stations,  it  will  follow  that 
the  successive  destruction  of  species  must  now  be  part  of  the  regular 
and  constant  order  of  nature. 

Extension  of  the  range  of  one  species  alters  the  condition  of  the  others, 
— ^It  will  be  desirable,  first,  to  consider  the  effects  which  every  extension 
of  the  numbers  or  geographical  range  of  one  species  must  produce  on 
the  condition  of  others  inhabiting  the  same  regions.  When  the  neces- 
sary consequences  of  such  extensions  have  been  filly  explained,  the 
reader  will  be  prepared  to  appreciate  the  important  influence  which 
slight  modifications  in  the  physical  geography  of  the  globe  may  exert 
on  the  condition  of  organic  beings. 

In  the  first  place,  it  is  clear  that  when  anj  region  is  stocked  with  aa 
great  a  variety  of  animals  and  plants  as  the  productive  powers  of  that 
region  will  enable  it  to  support,  the  addition  of  any  new  species,  or  the 
permanent  numerical  increase  of  one  previously  established,  must  alwap 
be  attended  either  by  the  local  extermination  or  the  numerical  decrease 
of  some  other  species. 

There  may  undoubtedly  be  considerable  fluctuations  from  year  to 
year,  and  the  equilibrium  may  be  again  restored  without  any  permanent 
alteration ;  for,  in  particular  seasons,  a  greater  supply  of  heat,  humidity, 
or  other  causes,  may  augment  the  total  quantity  of  vegetable  produce, 
in  which  case  all  the  animals  subsisting  on  vegetable  food,  and  others 
which  prey  on  them,  may  multiply  without  any  one  species  giving  way : 
but  whilst  the  aggregate  quantity  of  vegetable  produce  remains  unaltered, 
the  progressive  increase  of  one  animal  or  plant  implies  the  decline  of 
another. 

All  agriculturists  and  gardeners  are  familiar  with  the  &ct  that  when 
weeds  intrude  themselves  into  the  space  appropriated  to  cultivated  spe- 
cies, the  latter  are  starved  in  their  growth,  or  stifled.  If  we  abandon 
for  a  short  time  a  field  or  garden,  a  host  of  indigenous  plants. 

The  darnel,  hemlock,  and  rank  fumitory, 

pour  in  and  obtain  the  mastery,  extirpating  the  exotics,  or  putting  an 
end  to  the  monopoly  of  some  native  plants. 

If  we  inclose  a  park,  and  stock  it  with  as  many  deer  as  the  herbage 
will  support,  we  cannot  add  sheep  without  lessening  the  number  of  the 
deer ;  nor  can  other  herbivorous  species  be  subsequently  introduced,  unless 
the  rodividuals  of  each  species  in  the  park  become  fewer  in  proportion. 

So,  if  there  be  an  island  where  leopards  are  the  only  beasts  of  prey, 
and  the  lion,  tiger,  and  hyaena  afterwards  enter,  the  leopards,  if  they 
stand  their  ground,  will  be  reduced  in  number.  If  the  locusts  then 
arrive  and  swarm  greatly,  they  may  deprive  a  large  number  of  plant- 
eating  animals  of  their  food,  and  thereby  cause  a  famine,  not  only 
among  them,  but  among  the  beasts  of  prey :  certain  species  perfaapa, 
which  had  the  weakest  footing  in  the  island,  may  thus  be  annihilated. 
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We  have  seen  how  manj  distinct  geographical  provinces  there  are  of 
aquatic  and  terrestrial  species,  and  how  great  are  the  powers  of  migra- 
tion conferred  on  different  classes,  whereby  the  inhabitants  of  one  region 
may  be  enabled  from  time  to  time  to  invade  another,  and  do  actually  so 
migrate  aod  diffuse  themselves  over  new  countries.  Now,  although  our 
knowledge  of  the  history  of  the  animate  creation  dates  from  so  recent  a 
period,  that  we  can  scarcely  trace  the  advance  or  decline  of  any  animal 
or  plant,  except  in  those  cases  where  the  influence  of  man  has  intervened ; 
yet  we  can  easily  conceive  what  must  happen  when  some  new  colony  of 
wild  animals  or  plants  enters  a  region  for  the  first  time,  and  succeeds  in 
establishing  iUelfl 

Supposed  effects  of  the  first  entrance  of  the  polar  hetr  into  Iceland, — 
Let  us  consider  how  great  are  the  devaatations  committed  at  certain 
periods  by  the  Greenland  bears,  when  they  are  drifted  to  the  shores  of 
Iceland  in  considerable  numbers  on  the  ice.  These  periodical  invasions 
are  formidable  even  to  man ;  so  that  when  the  bears  arrive,  the  inhabit- 
ants collect  together,  and  go  in  pursuit  of  them  with  fire-arms — each 
native  who  slays  one  being  rewarded  by  the  King  of  Denmark.  The 
Danes  of  old,  when  they  landed  in  their  marauding  expeditions  upon  our 
coast,  hardly  excited  more  alarm,  nor  did  our  islanders  muster  more 
promptly  for  the  defence  of  their  lives  and  property  against  the  common 
enemy,  than  the  modem  Icelanders  against  these  formidable  brutes.  It 
often  happens,  says  Henderson,  that  the  natives  are  pursued  by  the  bear 
when  he  has  been  long  at  sea,  and  when  his  natund  ferocity  has  been 
heightened  by  the  keenness  of  hunger ;  if  unarmed,  it  is  frequently  by 
stratagem  only  that  they  make  their  escape.* 

Let  us  cast  our  thoughts  back  to  the  period  when  the  first  polar  bears 
reached  Iceland,  before  it  was  colonized  by  the  Norwegians  in  874 :  we 
may  imagine  the  breaking  up  of  an  immense  barrier  of  ice  like  that 
which,  in  1816  and  the  following  year,  disappeared  from  the  east  coast 
of  Greenland,  which  it  had  surrounded  for  four  centuries.  By  the  aid  of 
such  means  of  transportation  a  great  number  of  these  quadrupeds  might 
effect  a  landing  at  the  same  time,  and  the  havoc  which  they  would  make 
among  the  species  preriously  settled  in  the  island  would  be  terrific  The 
deer,  foxes,  seals,  and  even  birds,  on  which  these  animals  sometimes  prey, 
would  be  soon  thinned  down. 

But  this  would  be  a  part  only,  and  probably  an  insignificant  portion, 
of  the  aggregate  amount  of  change  brought  about  by  the  new  invader. 
The  plants  on  which  the  deer  fed,  being  less  consumed  in  consequence  of 
the  lessened  numbers  of  that  herbivorous  species,  would  soon  supply  more 
food  to  several  insects,  and  probably  to  some  terrestrial  testacea,  so  that 
the  latter  would  gain  ground.  The  increase  of  these  would  furnish  other 
insects  and  birds  with  food,  so  that  the  numbers  of  these  last  would  b« 
augmented.  The  diminution  of  the  seals  would  afford  a  respite  *f^^^ 
M  which  they  had  persecuted ;  and  these  fish,  in  theii  turn,  would  then 

•  Journal  of  a  Residence  in  Iceland,  p.  876. 
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multiply  and  press  tipon  their  peculiar  piej*  Many  water-fevrfa,  the  ef^ 
and  young  of  which  are  devoured  by  foxes,  would  increase  when  the  fezes 
were  thinned  down  by  the  bean ;  and  the  fiah  on  which  the  waterloiris 
subsisted  would  then,  in  their  tarn,  be  less  numerous.  Thus  the  numeri- 
cal proportions  of  a  great  number  of  the  inhabitaniSy  both  of  the  knd  and 
sea,  might  be  permanently  altered  by  the  settling  of  one  new  qwcies  in 
the  region ;  and  the  changes  caused  indirectly  would  ranaify  through  all 
classes  of  the  living  creation,  and  be  almost  endless. 

An  actual  illustration  of  what  we  have  here  only  proposed  hypotheti- 
oally,  is  in  some  degree  afforded  by  the  selection  of  smidl  islands  by  the 
eider  duck  for  its  residence  during  the  season  of  incubation,  its  nest  being 
seldom  if  ever  found  on  the  shores  of  the  main  land,  or  even  of  a  huge 
island.  The  Icelanders  are  so  weU  aware  of  this,  that  they  have  expended 
a  great  deal  of  labor  in  forming  artificial  iskmds,  by  separating  from  the 
main  land  certain  promontories,  joined  to  it  by  narrow  i8thmmBe&  This 
insular  position  is  necessary  to  guard  against  the  destracticm  of  the  eggs 
and  young  birds,  by  foxes,  dogs,  and  other  animals.  One  yest;  eays 
Hooker,  it  happened  that,  in  the  small  island  of  Yidoe,  adjoining  theooast 
of  Iceland,  a  fox  got  over  upon  the  iee^  and  caused  great  alarm,  as  an  im- 
mense number  of  ducks  were  then  sitting  on  their  eggA  or  yomig  ones. 
It  was  long  before  he  was  taken,  which  was  at  last,  however,  effected  by 
bringing  another  fox  to  the  island,  and  listening  it  by  a  string  near  the 
haunt  of  the  former,  by  which  he  was  allured  within  shot  of  the  hunter.* 

The  first  appeanmce  of  a  new  species  causes  the  chief  dieiurbemee. — ^It 
is  usually  the  first  appearance  of  an  animal  or  plant,  in  a  region  to  which 
it  was  previously  a  stranger,  that  gives  rise  to  the  chief  alteration ;  since, 
after  a  time,  an  equilibrium  is  again  establi^ed.  But  it  must  require 
ages  before  such  a  new  adjustment  of  the  relative  forces  of  so  many  con- 
flicting agents  can  be  definitely  settled.  The  causes  in  simultaneous 
action  are  so  numerous,  that  they  admit  of  an  almost  infinite  number  of 
combinations ;  and  it  is  neoessaiy  that  all  these  should  have  occurred  once 
before  the  total  amount  of  change,  capable  of  flowing  from  \ay  new  dis- 
turbing force,  can  be  estimated. 

Thus,  for  example,  suppose  that  once  in  two  centuries  a  frost  of  un- 
usual intensity,  or  a  volcanic  eruption  of  great  violence  accompanied  by 
floods  from  the  melting  of  glaciers,  should  occur  in  Iceland ;  or  an  epi- 
demic disease,  fatal  to  the  hirger  number  of  individuals  of  some  one  species, 
and  not  affecting  others, — these,  and  a  variety  of  other  contingencies,  all 
of  which  may  occur  at  once,  or  at  periods  separated  by  different  intervals 
of  time,  ought  to  happen  before  it  would  be  possible  for  us  to  dedare  what 
ultimate  alteration  the  presence  of  any  new  comer,  vach.  as  the  bear  before 
mentioned,  might  occasion  in  the  animal  population  of  the  isle. 

Every  new  condition  in  the  state  of  the  organie  or  inorganio  creation, 
a  new  animal  or  plant,  an  additional  snow-clad  mountain,  8n3r  perma- 
nent change,  however  slight  in  comparison  to  the  whole,  gives  rise  to- a 

•  Tour  in  Iceland,  vol  i.  p,  64,  2nd  edit 


GftXLL]  OHANGSS  CAtrSBD^BT  MAV.  681 

newiftdeit  of  things,  and  m^make  a  material  olmog«  in  regard  to  some 
one  or  more  epecies.  Yet  a  awann  of  loomtB,  or  a  frost  of  extreme^ 
intensity,  or  an  epidemic' disease,  may  pass  away  ^nthout  any  great 
apparent  derangement)  no  speoies  may- be  loet,  and  all  may  soon 
recover  their  former  relatiTe  numbers,  braiuse  the  same  scourgeB  may 
have  visited  the  region  again  and  again,  at  preceding  periods.  Every 
plant  that  waa  incapable  of  resisting  such  a  degree  of  cold,  every  animal 
which  was  exposed  to  be  entirely  cat  off  by  an  epidemic  or  by  famine 
oaosed  by  the  consumption  of  vegetation  by  the  locusts,  may  have 
perished  already,  so  that  the  subsequent  recurrence  of  similar  catastro- 
phes is  attended  only  l^  a  temporary  change. 

Changes  eaumd  by  Man 

We  are  best  acquainted  with  the  mutations  brought  about  by  the 
progress  of  human  population,  and  the  growth  of  plants  and  animals 
&vored  by  man.  To  these,  therefore,  we  should  in  the  first  instance 
turn  our  attention*  K  we  conclude,  from  the  concurrent  testimony  of 
history  and  of  the  evidence  yielded  by  geological  data,  that  man  is, 
comparatively  speaking,'of  very  modem  origin,  we  must  at  once  perceive 
how  great  a  rev<^ution  in  the  state  of  the  animato  worid  the  increase 
of  the  human  race,  considered  merely  as  consumerB  of  a  certain  quantity 
of  organic  matter,  must  necessarily  cause. 

Whether  maninereaaes  the  productive  powere  of  the  earih.^—lt  may 
perhaps,  be  said,  that  man  has,  in  some  degree,  compensated  for  the 
appropriation  to  himself  of  so  much  food,  by  artificial^  improving  the 
natural  productivenefls  of  soils,  by  irrigation,  manure,  and  a  judicious 
intermixtare  of  mineral  ingredients  conveyed  from  different  localities. 
But  it  admits  of  reasonable  doubt  whether,  upon  the  wholes  we  fertilize 
or  impoverish  the  lands  which  we  occupy.  This  assertion  may  seem 
startling  to  many ;  because  they  are  so  much  in  the  habit  of  regarding 
the  sterility  or  productiveness  of  land  in  relation  to  the  wants  of  man, 
and  not  as  regards  the  oi^nic  world  generally.  It  is  difficult,  at  first, 
to  conceive,  if  a  morass  is  converted  into  arable  land,  and  made  to  yield 
a  crop  of  grain,  even  of  moderate  abundance,  that  we  have  not  improved 
the  capabilities  of  the  habiteble  sur&ce^-that  we  have  not  empowered 
it  to  support  a  larger  quantity  of  organic  life.  In  such  cases,  however,  • 
a  tract,  before  of  no  utility  to  man,  may  be  reclaimed,  and  become  of 
high  agricultural  importance,  though  it  may,  nevertheless,  yield  a 
scantier  vegetetion.  If  a  lake  be  drained,  and  turned  into  a  meadow, 
the  space  will  provide  sustenance  to  man,  and  nuuiy  terrestrial  animals 
s^^ceable  to  him,  but  not,  perhaps,  so  much  food  as  it  previously  yielded 
to  the  aquatic  races. 

If  the  pestiferous  PontSne  marshes  were  drained,  and  covered  with 
com,  Kfce  the  plains  of  the  Po,  they  might,  perhaps,  feed  a  smaller 
number  of  animals  than  th^  do  now ;  for  these  morasses  are  filled  with 
herds  of  buffioloes  and  swine,  and  they  swarm  with  birds,  reptiles,  and 
insecte. 
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The  felling  of  dense  and  lofty  forests,  which  oovered,  even  within  the 
records  of  history,  a  considerable  space  on  the  globe,  now  tenanted  by 
'  civilized  man,  must  generally  have  lessened  the  amount  of  vegetable 
food  throughout  the  space  where  these  woods  grew.  We  must  also 
take  into  our  account  the  area  covered  by  towns,  and  a  still  larger  sur- 
face occupied  by  roads. 

If  we  force  the  soil  to  bear  extraordinary  crops  one  year,  we  are^ 
perhaps,  compelled  to  let  it  lie  fiillow  the  next.  But  nothing  so  much 
counterbalances  the  fertilizing  effects  of  human  art  as  the  extensiTe 
cultivation  of  foreign  herbs  and  shrubs,  which,  although  they  are  often 
more  nutritious  to  man,  seldom  thrive  with  the  same  rank  luxuriance  as 
the  native  plants  of  a  district.  Man  is,  in  truth,  continually  striving  to 
diminish  the  natural  diversity  of  the  statioM  of  animals  and  plants  in 
every  country,  and  to  reduce,  them  all  to  a  small  number  fitted  for 
species  of  economical  use.  He  may  succeed  perfectly  in  attaining  his 
object,  even  though  the  vegetation  be  comparatively  meagre,  and  the 
total  amount  of  animal  life  be  greatly  lessened. 

Spix  and  Martins  have  given  a  lively  description  of  the  incredible 
number  of  insects  which  lay  waste  the  crops  in  Brazil,  besides  swarms 
of  monkeys,  flocks  of  parrots,  and  other  birds,  as  well  as  the  paca, 
agouti,  and  wild  swine.  They  describe  the  torment  which  the  planter 
and  the  naturalist  suffer  from  the  musquitoes,  and  the  devastation  of 
the  ants  and  blattse  ;  they  speak  of  the  dangers  to  which  they  were 
exposed  from  the  jaguar,  the  poisonous  serpents,  crocodiles,  scorpions, 
centipedes,  and  spiders.  But  with  the  increasing  population  and  culti- 
vation of  the  country,  say  these  naturalists,  these  evils  will  gradually 
diminish ;  when  the  inhabitants  have  cut  down  the  woods,  drained  the 
marshes,  made  roads  in  all  directions,  and  founded  villages  and  towns, 
man  will,  by  degrees,  triumph  over  the  rank  vegetation  and  the  noxious 
animals,  and  all  the  elements  will  second  and  amply  recompense  his 
activity.* 

The  number  of  human  beings  now  peopling  the  earth  is  supposed  to 
amount  to  eight  hundred  millions,  so  that  we  may  easily  understand 
how  great  a  number  of  beasts  of  prey,  birds,  and  animals  of  every  class, 
this  prodigious  population  must  have  displaced,  independently  of  the 
still  more  important  consequences  which  have  followed  from  the 
derangement  brought  about  by  man  in  the  relative  numerical  strength 
of  particular  species. 

Indigenous  quadrupeds  and  birds  extirpated  in  Great  Britain. — ^Let 
us  make  some  inquiries  into  the  extent  of  the  influence  which  the  pro- 
gress of  society  has  exerted  during  the  last  seven  or  eight  centuries,  in 
altering  the  distribution  of  indigenous  British  animals.  Dr.  Flemii^ 
has  prosecuted  this  inquiry  with  his  usual  zeal  and  ability ;  and  in  a 
memoir  on  the  subject  has  enumerated  the  best-authenticated  examples 
of  the  decrease  or  extirpation  of  certain  species  during  a  period  when 

*  TravelB  in  Brazil,  vol.  i.  p.  26a 
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our  population  has  made  the  most  rapid  advances.    I  shall  offer  a  brief 
outline  of  his  results.^ 

The  stag,  as  well  as  the  fallow  deer  and  the  roe,  were  formerlj  so 
abundant  in  our  island,  that,  according  to  Lesley,  from  five  hundred  to 
a  thousand  were  sometimes  slain  at  a  hunting  match ;  but  the  native 
races  would  already  have  been  extinguished,  had  they  not  been  care- 
fully preserved  in  certain  forests.  The  otter,  the  marten,  and  the 
polecat,  were  also  in  su£Eicient  numbers  to  be  pursued  for  the  sake  of 
their  fur ;  but  they  have  now  been  reduced  within  very  narrow  bounds. 
The  wild  cat  and  fox  have  also  been  sacrificed  throughout  the  greater 
part  of  the  country,  for  the  security  of  the  poultry-yard  or  «he  fold. 
Badgers  have  been  expelled  from  nearly  every  district,  which  at  former 
periods  they  inhabited. 

Besides  diese,  which  have  been  driven  out  from  their  favorite  haunts, 
and  everywhere  reduced  in  number,  there  are  some  which  have  been 
wholly  extirpated ;  such  as  the  ancient  breed  of  indigenous  horses,  and 
the  wild  boar ;  of  the  wild  oxen  a  few  remains  are  still  preserved  in 
some  of  the  old  English  parks.  The  beaver,  which  is  eagerly  sought 
after  for  its  fur,  had  become  scarce  at  the  close  of  the  ninth  century ; 
and,  by  the  twelfth  century,  was  only  to  be  met  with,  according  to 
Giraldus  de  Barri,  in  one  river  in  Wales,  and  another  in  Scotland.  The 
wolf,  once  so  much  dreaded  by  our  ancestors,  is  said  to  have  maintained 
its  ground  in  Ireland  so  late  as  the  beginning  of  the  eighteenth  century 
(1710),  though  it  had  been  extirpated  in  Scotland  thirty  years  before, 
and  in  England  at  a  much  earlier  period.  The  bear,  which,  in  Wales, 
was  regarded  as  a  beast  of  the  chase  equal  to  the  hare  or  the  boarf , 
only  perished,  as  a  native  of  Scotland,  in  the  year  1057.| 

Many  native  birds  of  prey  have  also  been  the  subjects  of  unremitting 
persecution.  The  eagles,  larger  hawks,  and  ravens,  have  disappeared 
from  the  more  cultivated  districts.  The  haunts  of  the  mallard,  the  snipe, 
the  redshank,  and  the  bittern,  have  been  drained  equally  with  the 
sunmier  dwellings  of  the  lapwing  and  the  curlew.  But  these  species  still 
linger  in  some  portion  of  the  British  isles ;  whereas  the  larger  capercailzies 
or  wood  grouse,  formerly  natives  of  the  pine-forests  of  Ireland  and  Soot- 
land,  have  been  destroyed  within  the  last  sixty  years.  The  egret  and 
the  crane,  which  appear  to  have  been  formerly  very  common  in  Scot- 
land, are  now  only  occasional  visitants.§ 

The  bustard  {Otis  tarda)^  observes  Graves, -in  his  British  Omitholo- 
gy|,  "  was  formerly  seen  in  the  downs  and  heaths  of  various  parts  of 
our  island,  in  flocks  of  forty  or  fifty  birds ;  whereas  it  is  now  a  circum- 
stance of  rare  occurrence  to  meet  with  a  single  individual."  Bewick 
also  remarks,  ^  that  they  were  formerly  more  common  in  this  island 
than  at  present ;  they  are  now  found  only  in  the  open  counties  of  the 

•  Ed.  PhiL  Jomm.,  No.  mi  p.  287.  Oct  1824.        ♦  Ray.  Syn.  Quad.,  pwjl4. 
1  Fleminft  Ed.  PhiL  Joum.,  Na  mi  p.  295.  %  Fleimn&  ihid.,  p.  292. 

I  Vol  iiTLondon,  1821. 
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souib  and  east— in  the  plaiiia  of  WiKahire,  Donetihhe,  and  wme  poria 
of  Yorkshire.''*  In  the  few  years  that  have  elapsed  sinee  Bewick 
wrote,  this  bird  has  entird j  disappeared  from  Wiltshbe  and  Donetdiire. 

These  ohanges,  it  may  be  ob&nred,  are  derired  firam  veiy  impetleet 
memorialB^  and  relate  only  to  the  lai^r  and  more  oonspioaoos  animak 
inhabiting  a  small  spot  on  the  globe ;  but  they  cannot  £ul  to  exalt  car 
conception  of  the  enormous  revt^utions  which,  in  the  conne  of  several 
thousand  years,  the  whole  human' spedea  must  have  exacted* 

EzUneiion  ofihs  dodo.-— The  kangaroo  and  the  emu  are  retreating 
rapidly  before  the  progress  of  colonisation  in  Australia ;  and  it  scsroely 
admits  of  doubt,  that  the  general  oultivatioa  of  that  country  must  lead 
to  the  extirpation  of  both.  The  most  sti&ing  example  of  the  loss, 
efen  within  the  last  two  centuries,  of  a  remarkable  spedesy  is  that  of 
the  dodo — ^a  bird  first  seen  by  the  Dutch,  when  they  landed  on  the  Me 
of  France,  at  that  time  uninhabited,  immediately  after  the  discovety  of 
the  passage  to  the  East  Indies  by  the  €a;pe  of  Good  Hope.  It  was  of 
a  large  size,  and  singular  form ;  its  wii^  short,  like  those  of  an  ostrieh, 
and  wholly  incapable  of  sustaining  its  heavy  body,  even  for  a  short 
flight  In  its  general  appearance  it  differed  from  the  oetrieh,  cassowary, 
or  any  known  bird.f 

Many  naturalists  gave  figures  of  the  dodo  after  the  oommenoement 
of  the  seventeenth  century ;  and  there  is  a  painting  of  it  in  the  BritiBh 
Museum,  which  is  said  to  have  been  taken  from  a  living  individasL 
Beneath  the  painting  is  a  leg,  in  a  fine  state  of  preservation,  which  onii- 
thologists  are  agreed  cannot  belong  to  any  other  known  bird.  In  Ihe 
museum  at  Oxford,  also,  there  is  a  foot  and  a  head  in  an  imperfect  state. 

In  spite  of  the  most  active  search,  during  the  last  century,  no  infor- 
mation respecting  the  dodo  was  obtained,  and  some  authors  have  gone 
so  far  as  to  pretend  that  it  never  existed ;  but  a  great  mass  of  satis- 
£Eictory  evidence  in  favor  of  its  recent  existence  has  now  been  coUecied 
by  Mr.  Broderip,^  and  by  Mr.  Strickland  and  Dr.  Melnlle.  Mr.  Strick- 
land, agreeing  with  Professor  Reinhardt,  of  Copenhagen,  in  refening 
the  dodo  to  the  Golumbidaa,  calls  it  a  ''  vulture-^like  frugivorous  pigeon." 
It  appears,  also,  that  another  short-winged  bird  of  the  same  order,  csUed 
*'  The  Solitaire,"  inhabited  the  small  island  of  Rodrigaes,  800  miles  east 
of  the  Mauritius,  and  h^  been  exterminated  by  man,  as  have  one  or 
two  different  but  allied  birds  of  the  Isle  of  Bourbon^ 

•  Land  Birda»  vol.  i.  p.  816.  ed.  1821. 

f  Some  have  complained  that  inscriptions  on  tomb-etones  convey  no  ffeneral 
ioformation,  except  that  individuals  were  born  and  died,  aceidenta  ▼fai<m  must 
happen  alike  to  all  men.  But  the  death  of  a  ^9ea49  u  so  remarkable  an  event 
in  natural  history  that  it  deserves  commemoration,  and  it  is  with  no  small 
interest  that  we  learn,  from  the  archives  of  the  Universitv  of  Oxford,  the  exact 
day  and  year  when  the  remains  of  the  last  specimen  of  the  dodo^  which  had 
been  permitted  to  rot  in  the  Ashmolean  Museum,  were  east  away.  The  relics, 
we  are  told,  were  "a  musseo  snbdncta,  annuente  vice-cancellario  aliisque  cura- 
toribu%  ad  ea  lustranda  oonvocatis^  die  Jannarii  8vo^  a.]>.  1755."  ZooL  Joum. 
No.  12.  p.  C69.  1828.  %  Penny  CycloMsdia,  "Dodo."  18«7. 

8  Messrs.  Strickland  and  MelviUe  on  "  the  Bodo  and  its  Kindred."  LondoBi  ]848i 


Bc^nd  propagaiiw^  of  domeatic  quadrupeds  ovw  the  Afn0nea»  oonti- 
nmi* — ^Nezt  to  the  direct  agency  of  man,  his  indirect  influence  in 
mnltipljing  the  numbeis  of  large  herbiTorone  quadrnpedA  of  domesti- 
catod  races  may  be  regarded  as  one  of  the  most  obriotts  causes  of  the 
extermination  of  species.  On  this«  and  on  sevoral  other  grounds,  the 
introduction  of  the  horse^  ox,  and  other  mammalia,  into  America,  and 
their  rapid  propagation  over  that  continent  within  the  last  three  centu- 
ries, is  a  fact  ^f  great  importance  in  natural  history.  The  extraordi- 
nary herds  of  wild  cattle  and  horses  which  overran  the  plains  of  South 
America  sprung  from  a  very  few  pairs  first  carried  over  by  the  Spaniards ; 
and  they  prove  that  the  wide  geographical,  range  of  large  species  in 
great  continents  does  not  necessarily  imply  that  they  have  existed  there 
from  remote  periods. 

Humboldt  observes,  in  his  Travels,  on  the;  authority  of  Azzara»  that 
it  is  believed  there  exist,  in  the  Pampas  of  Buenos  Ayros^  twelve  million 
cows  and  three  million  horsei^  without  oomprisingt  ia  this  enum^ation, 
the  cattle  that  have  no  acknowledged  proprietoi^  ImtheUanosofOarao- 
cas,  the  rich  hateros,  or  iMt>prietor8  of  pastoral  fimns^  are  entirely  igno- 
rant of  the  number  of  cattle  they  possess.  The  young  are  branded 
with  a  mark  peculiar  to  each  herd,  and  some  of  rthe  most  wealthy 
.  owners  mark  as  many  as  fourteen  thousand  a  year.*  ^  In  the  northern 
plains,  from  the  Orinoco  to  the  lake  of  Maraycabo,  M»  Depone  reckoned 
that  1,200,000  oxen,  180,000  horses,  and  90,000  mules,  wandered  at 
largCL  f  In  some  parts  of  the  valley  of  the  Mississippi  especially  in  the 
country  of  the  Osage  Indians,  wild  horses  are  immensely  numerous. 

The  establishment  of  black  cattle  in  Americik  dates  from  iCplumbus's 
second  voyage  to  St  Domingo.  They  there  multiplied  rapidly ;  and 
that  island  presently  became  a  kind  of  nursery  fi^m  which  these  ani- 
mals were  successively  transported  to  various  parts  of  the  continental 
coast,  and  from  thence  into  the  interior.  Notwithstanding  these 
numerous  exportations,  in  twenty-seven  years  after  the  discovery  of  the 
island,  herds  of  four  thousand  head,  as  we  learn  from  Oviedo,  were  not 
uncommon,  and  there  were  even  some  that  amounted  to  eight  thousand. 
In  1587,  the  number  of  hides  exported  from  St«  Domingo  alone,  accord- 
ing to  Acosta's  report,  was  85,444 ;  and  in  the  same  year  there  were 
exported  64,850  from  the  ports  of  New  Spain.  This  was  in  the  sixty- 
fifUi  year  after  the  taking  of  Mexico,  previous  to  which  event  the 
Spaniards,  who  came  into  that  country,  had  not  been  able  to  engage  in 
anything  else  than  war.  |  Every  one  is  aware  that  these  animals  are 
now  established  throughout  the  American  continwt  from  Canada  to 
the  Straits  of  Magellan. 

The  ass  has  thriven  very  generally  in  the  New  World ;  and  we  learn 
from  Uiloa,  that  in  Quito  they  ran  wild,  and  multiplied  in  amazing 
numbers,  so  as  to  become  a  nuisance.    They  grazed  together  in  herds, 

•  Pen.  War.  Toi  It. 

f  Quarterly  Review,  voL  xxi  p.  88&  ■    t  Ibid. 
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and  when  attacked  defended  themselves  with  their  mouths.  If  a  horse 
happened  to  stray  into  the  places  where  they  fed,  thej  all  fell  upon  liim, 
and  did  not  cease  biting  and  kicking  till  thej  left  him  dead.* 

The  first  hogs  were  carried  to  America  by  Columbus,  and  established 
in  the  Island  of  St  Domingo  the  year  following  its  discovery,  in 
NoYember,  1493.  In  succeeding  years  they  were  introduced  into  other 
places  where  the  Spaniards  settled ;  and,  in  the  space  of  half  a  century, 
they  were  found  established  in  the  New  World,  from  the  latitude  of 
25^  north,  to  the  40th  degree  of  south  latitude.  Sheep,  also,  and 
goats  have  multiplied  enormously  in  the  New  World,  as  have  also  the 
cat  and  the  rat;  which  last,  as  before  stated,  has  been  imported  unin- 
tentionally in  ships.  The  dogs  introduced  by  man  which  have  at 
different  periods  become  wild  in  America,  hunted  in  packs,  like  the 
wolf  and  the  jackall,  destroying  not  only  hogs,  but  the  calves  and 
foals  of  the  wild  cattle  and  horses. 

Ulloa  in  his  voyage,  and  Buffon  on  the  authority  of  old  writers,  relate 
a  fact  which  illustrates  very  clearly  the  principle  before  explained,  of 
the  check  which  the  increase  of  one  animal  necessarily  offers  to  that  of 
another.  The  Spaniards  had  introduced  goats  into  the  Island  of  Juan 
Fernandez,  where  they  became  so  prolific  as  to  furnish  the  pirates  who 
infested  those  sefs  with  provisions.  In  order  to  cut  off  this  resource 
from  the  buccaneers,  a  number  of  dogs  were  turned  loose  into  the  island; 
and  so  numerous  did  they  become  in  their  turn,  that  they  destroyed  the 
goats  in  every  accessible  part,  after  which  the  number  of  the  wild  dogs 
again  decreased,  f 

IncreoM  of  reindeer  imported  into  Iceland, — As  an  example  of  the 
rapidity  with  which  a  large  tract  may  become  peopled  by  the  ofl&pring 
of  a  single  pair  of  quadrupeds,  it  may  be  mentioned  that  in  the  year 
1773  thirteen  rein-deer  were  exported  from  Norway,  only  three  of  which 
,  reached  Iceland.  These  were  turned  loose  into  the  mountains  of  6nld- 
bringe  Syssel,  where  they  multiplied  so  greatly,  in  the  course  of  forty 
years,  that  it  was  not  uncommon  to  meet  with  herds,  consisting  of  from 
forty  to  one  hundred,  in  various  districts. 

The  rein-deer,  observes  a  modern  writer,  is  in  Lapland  a  loser  by  his 
connexion  with  man,  but  Iceland  will  be  this  creature^s  paradise. 
There  is,  in  the  interior,  a  tract  which  Sir.  G.  Mackenzie  computes  at 
not  less  than  forty  thousand  square  miles,  without  a  single  human  habi- 
tation, and  almost  entirely  unknown  to  the  natives  themselves.  There 
are  no  wolves :  the  Icelanders  will  keep  out  the  bears ;  and  the  rein- 
deer, being  almost  unmolested  by  man,  will  have  no  enemy  whatever, 
unless  it  has  brought  with  it  its  own  tormenting  gad-fly.  J 

Besides  the  quadrupeds  before  enumerated,  our  domestic  fowls  have 
also  succeeded  in  the  West  Indies  and  America,  where  they  have  the 

♦  Ulloa's  Voyage.    Wood's  Zoog.  vol  i  p.  9. 

{Buffon,  vol  v.  p.  100.    Ulloa's  VovageL  vol  IL  pw  2aa 
TraveU  in  loeUuid  in  1810,  p.  S42. 
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oommon  fowl,  the  goose,  the  duck,  the  peacock,  the  pigeon,  and  the 
guinea-fowl.  As  these  were  often  taken  suddenly  from  the  temperate 
to  very  hot  regions,  they  were  not  reared  at  first  without  much  difficulty : 
but  after  a  few  generations,  they  became  fieuniliarized  to  the  climate, 
which,  in  many  cases,  approached  much  nearer  than  that  of  Europe  to 
the  temperature  of  their  original  native  countries. 

The  fact  of  so  many  millions  of  wild  and  tame  individuals  of  our  do 
mestic  species,  almost  all  of  them  the  largest  quadrupeds  and  birds, 
having  been  propagated  throughout  the  new  continent  within  the  short 
period  that  has  elapsed  since  the  discovery  of  America,  while  no  appre- 
ciable improvement  can  have  been  made  In  the  productive  powers  of 
that  vast  continent,  affords  abundant  evidence  of  the  extraordinary 
changes  which  accompany  the  diffusion  and  progressive  advancement  of 
the  human  race  over  the  globe.  That  it  should  have  remained  for  us  to 
witness  such  mighty  revolutions  is  a  proof,  even  if  there  was  no  other 
evidence,  that  the  entrance  of  man  into  the  planet  is,  comparatively 
speaking,  of  extremely  modem  date,  and  that  the  effects  of  his  agency 
are  only  beginning  to  be  felt 

Population  which  the  ghbe  is  capable  of  iupporting, — ^A  modcfh: 
writer  has  estimated,  that  there  are  in  America  upwards  of  four  million 
square  miles  of  useful  soil,  each  capable  of  supporting  200  persons ;  and 
nearly  six  million,  each  mile  capable  of  supporting  490  persons.*  If  this 
conjecture  be  true,  it  will  follow,  as  that  author  observes,  that  if  the 
natural  resources  of  America  were  fully  developed,  it  would  afford  suste- 
nance to  five  times  as  great  a  number  of  inhabitants  as  the  entire  mass 
of  human  beings  existing  at  present  upon  the  globe.  The  new  continent, 
he  thinks,  though  less  than  half  the  size  of  the  old,  contains  an  equal 
quantity  of  useful  soil,  and  much  more  than  ai^  equal  amount  of  produc- 
tive power.  Be  this  as  it  may,  we  may  safely  conclude  that  the  amount 
of  human  population  now  existing  constitutes  but  a  small  proportion  of 
that  which  the  globe  is  capable  of  supporting,  or  which  it  is  destined  to 
sustidn  at  no  distant  period,  by  the  rapid  progress  of  society,  especially 
in  America,  Australia,  and  certain  parts  of  the  old  continent. 

Power  of  exterminating  species  tig  prerogative  of  man. — But  if  we  re- 
flect that  many  millions  of  square  miles  of  the  most  fertile  land,  occupied 
originally  by  a  boundless  variety  of  animal  and  vegetable  forms,  have 
been  already  brought  under  the  dominion  of  man,  and  compelled,  in  a 
great  measure,  to  yield  nourishment  to  him,  and  to  a  limited  number  of 
plants  and  animals  which  he  has  caused  to  increase,  we  must  at  once  be 
convinced,  that  the  annihilation  of  a  multitude  of  species  has  already  been 
effected,  and  will  continue  to  go  on  hereafter,  in  certain  regions,  in  a  still 
more  rapid  ratio,  as  the  colonies  of  highly  civilized  nations  spread  them- 
selves over  unoccupied  lands. 

Yet,  if  we  wield  the  sword  of  extermination  as  we  advance,  we  have  no 
reason  to  repine  at  the  havoc  committed,  nor  to  fiancy,  with  the  Scottish 

*  Madaren,  art  Ameriea,  Enoyo.  Brit 
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poet|  that  ^  we  violate  the  Booial  union  of  natoie;"  or  oampbiiiywiththe 
melancholj  Jacquee,  that  we 

Are  mere  urarpen^  tynnti^  and  i^iaf  «  woim^ 
lo  fright  the  EQunals  and  to  kill  them  up 
In  their  aiiign*d  and  native  dwelling^plaee. 

We  hare  only  to  reflect,  that  in  thus  obtaining  poeseesion  of  the  earth 
by  conquest,  and  defending  our  acquisitions  by  force,  we  ezerciBe  no  ex- 
clusive prerogative.  Every  species  which  has  spread  itself  from  a  small 
point  over  a  wide  area  must,  in  like  manner,  have  marked  its  progiess 
by  the  diminution  or  the  entire  extirpation  of  some  other,  and  mnst 
maintain  its  ground  by  a  successful  struggle  against  the  encroachments  of 
other  plants  and  animals.  That  minute  parasitic  plant,  called  "  the  rust'*  in 
whea^  has,  like  the  Hessian  fly,  the  locust,  and  the  aphis,  caused  £EunineB 
ere  now  amongst  the  ^  lords  of  the  creation."  The  most  insignificant  and 
diminutive  species,  whether  in  the  animal  or  vegetable  kingdom,  have 
each  slaughtered  Uieir  thousands,  as  they  disseminated  themselves  over 
the  globe,  as  well  as  the  hon^  when  first  it  spread  itself  over  the  tropical 
regions  of  Africa. 

Concluding  remarks. — ^Although  we  have  as  yet  considered  one  class 
only  of  the  causes  (the  organic)  by  which  species  may  become  extermi- 
nated, yet  it  cannot  but  appear  evident  that  the  continued  action  of  these 
alone,  throughout  myriads  of  future  ages,  must  work  an  entire  change 
in  the  state  of  the  organic  creation,  not  merely  on  the  continents  and 
ishmda,  where  the  power  of  man  is  chiefly  exerted^  but  in  the  great 
ooean,  where  his  control  is  almost  unknown.  The  mind  is  prepared  by 
the  contemplation  of  such  future  revolutions  to  look  for  the  signs  of 
others,  of  an  analogous  nature,  in  the  monuments  of  the  past.  Instead 
<^  being  astonished  at  the  proo&  there  manifested  of  endless  mutations 
in  the  animate  world,  they  will  appear  to  one  who  has  thought  profound- 
ly on  the  fluctuations  now  in  progress,  to  afford  evidence  in  favor  of  the 
uniformity  of  the  system,  unless,  indeed,  we  are  precluded  from  speaking 
of  UMfonmty  when  we  characterize  a  principle  of  endless  variation. 


CHAPTER  XLH. 

BZriNCTJON   07   8FECIES. — INFLUENCE    OF   IKORGANIO   OAI78B8. 

Powers  of  diffusion  indispensable,  that  each  species  may  maintain  its  ground-* 
How  changes  in  physical  geography  affect  the  distribution  of  species — ^Rat« 
of  the  change  of  species  dne  to  this  cause  cannot  be  uniform-^Eyery  change 
in  the  physical  geography  of  large  regioma  tends  to  the  eztinotion  of  species 
«— Effects  of  a  general  alteration  of  climate  on  the  migration  of  species— 
Gradual  refrigeration  would  cause  species  in  the  northern  and  southern 
hemispheres  to  become  distinct—Eleyation  of  temperature  the  reverse — 
Effects  on  the  condition  of  species  which  must  result  from  inorganic  changes 
inconsistent  with  the  theory  of  transmutation. 

Powers  of  diffaskm  indivpensahU^  that  each  species  may  fnainiain  its 
grownd, — Haying  shown  in  the  last  chapter,  how  considerably  the 
numerical  increase  or  the  extension  of  the  geographical  range  of  any 
one  species  must  derange  the  numbers  and  distribution  of  others,  let  us 
now  direct  our  attention  to  the  influence  which  the  inorganic  causes 
described  in  the  second  book  are  continually  exerting  on  the  habitations 
of  species. 

So  great  is  the  instability  of  the  earth's  sur&ce,  that  if  nature  were 
not  continually  engaged  in  the  task  of  sowing  seeds  and  colonizing 
animals,  the  depopulation  of  a  certain  portion  of  the  habitable  sea  and 
land  would  in  a  few  years  be  considerable.  Whenever  a  river  transports 
sediment  into  a  lake  or  sea,  so  as  materially  to  diminish  its  depth,  the 
aquatic  animals  and  plants  which  delight  in  deep  water  are  expelled : 
the  tract,  however,  is  not  allowed  to  remain  useless ;  but  is  soon  peopled 
by  species  which  require  more  light  and  heat,  and  thrive  where  the 
water  is  shallow.  Every  addition  made  to  the  land  by  the  encroach- 
ment of  the  delta  of  a  river  banishes  many  subaqueous  species  from 
their  native  abodes ;  but  the  new-formed  plain  is  not  permitted  to  lie 
unoccupied,  being  instantly  covered  with  terrestrial  vegetation.  The 
ocean  devours  continuous  lines  of  sea-coasts,  and  precipitates  forests  or 
rich  pasture  land  into  the  waves:  but  this  space  is  not  lost  to  the 
animate  creation ;  for  shells  and  sea-weeds  soon  adhere  to  the  new* 
made  olifla,  and  numerous  fish  people  the  channel  which  the  current  has 
scooped  out  for  itself.  No  sooner  has  a  volcanic  island  been  thrown 
up  ^an  some  lichens  begin  to  grow  upon  it,  and  it  is  sometimes  clothed 
with  verdure  while  smoke  and  ashes  are  still  occasionally  thrown  from 
the  crater.  The  cocoa,  pandanus,  and  mangrove  take  root  upon  the 
coral  reef  before  it  has  furly  risen  above  the  waves.  The  burning 
stream  of  lava  that  descends  from  Etna  rolls  througk  the  stately  forest, 
and  converts  to  ashes  every  tree  and  herb  which  stands  in  its  way ;  but 
the  black  strip  of  land  thus  desolated  is  covered  again  in  the  course  of 
time,  with  oaks,  pines^  and  chestnuts,  as  luxuriant  as  those  which  the 
fiery  torrent  swept  away. 

44 
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Every  flood  and  landslip,  eyerj  wave  which  a  hurricane  or  earth- 
quake throws  upon  the  shore,  every  shower  of  volcanic  dust  and  ashea 
which  buries  a  country  hr  and  wide  to  the  depth  of  many  feet,  every 
advance  of  the  sand-flood,  every  conversion  of  salt  water  into  firesh 
when  rivers  alter  their  main  channel  of  discharge,  every  permanent 
variation  in  the  rise  or  fall  of  tides  in  an  estuary — these  and  countless 
other  causes  displace,  in  the  course  of  a  few  centuries,  certaiix  plactfc 
and  animals  from  stations  which  they  previously  occupied.  I^  there- 
fore, the  Author  of  nature  had  not  been  prodigal  of  those  numerous 
contrivances,  before  alluded  to,  for  spreading  all  classes  of  oi^anic 
beings  over  the  earth — ^if  he  had  not  ordained  that  the  fluctuations  of 
the  animate  and  iuanimate  creation  should  be  in  perfect  harmony  vtth 
each  other,  it  is  evident  that  considerable  ^aces,  now  the  most  habi- 
table on  the  globe,  would  soon  be  as  devoid  of  life  as  are  the  Alpine 
snows,  or  the  dark  abysses  of  the  ocean,  or  the  moving  sands  of  the 
Sahara. 

The  powers,  then,  of  migration  and  diffusion  conferred  on  animals 
and  plants  are  indispensable  to  enable  them  to  maintain  their  ground, 
and  would  be  necessary,  even  though  it  were  never  intended  that  a 
species  should  gradually  extend  its  geographical  range.  But  a  £ftcili^ 
of  shifting  their  quarters  being  once  given,  it  cannot  fail  to  happen  that 
the  inhabitants  of  one  province  should  occasionally  penetrate  into  some 
other ;  since  the  strongest  of  those  barriers  which  I  before  described  as 
separating  distinct  regions  are  all  liable  to  be  thrown  down,  one  allev 
the  other,  during  the  vicissitudes  of  the  earth's  surface. 

How  changes  in  physical  Geography  affect  the  distribution  of  species. 
— ^The  numbers  and  distribution  of  particular  species  are  affected  in 
two  ways,  by  changes  in  the  physical  geography  of  the  earth : — ^First, 
these  chauges  promote  or  retard  the  migrations  of  species ;  secondly, 
they  alter  the  physical  conditions  of  the  localities  which  species  inhabit 
If  the  ocean  should  gradually  wear  its  way  through  an  isthmus,  like 
that  of  Suez,  it  would  open  a  passage  for  the  intermixture  of  the  aquatic 
tribes  of  two  seas  previously  disjoined,  and  would,  at  the  same  time, 
close  a  free  communication  which  the  terrestrial  plants  and  animals  of 
two  cODtinents  had  before  enjoyed.  These  would  be,  perhaps,  the  most 
important  consequences,  in  regard  to  the  distribution  of  species,  which 
would  result  from  the  breach  made  by  the  sea  in  such  a  spot ;  but 
there  would  be  others  of  a  distinct  nature,  such  as  the  conversion  of  a 
certain  tract  of  land,  which  formed  the  isthmus,  into  sea.  This  space, 
previously  occupied  by  terrestrial  plants  and  animals,  would  be  imme- 
diately delivered  over  to  the  aquatic ;  a  local  revolution  which  might 
have  happened  in  innumerable  other  parts  of  the  globe,  without  being 
attended  by  any  alteration  in  the  blending  together  of  species  of  two 
distinct  provinces. 

JRate  of  change  of  species  cannot  be  uniform, — This  observation  leads 
me  to  point  out  one  of  the  most  interesting  conclusions  to  which  we 
are  led  by  the  contemplation  of  the  vicissitudes  of  the  inanimate  world 
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in  relation  to  those  of  the  animate.  It  is  clear  that^  if  the  agency  of 
inorganic  causes  be  uniform,  as  I  hare  supposed,  they  must  operate 
very  irregularly  on  the  state  of  organic  beings,  so  that  Uie  rate  accord- 
ing to  which  these  will  change  in  particular  regions  will  not  be  equal  in 
equal  periods  of  time. 

I  am  not  about  to  advocate  the  doctrine  of  general  catastrophes 
recurring  at  certain  intervals,  as  in  the  ancient  Oriental  cosmogonies,  nor 
do  I  doubt  that,  if  very  considerable  periods  of  equal  duration  could  be 
compared  one  with  another,  the  rate  of  change  in  the  living,  as  well  as 
in  the  inorganic  world,  might  be  nearly  uniform ;  but  if  we  regard  each 
of  the  causes  separately,  which  we  know  to  be  at  present  the  most 
instrumental  in  remodelling  the  state  of  the  surface,  we  shall  find  that  we 
must  expect  each  to  be  in  action  for  thousands  of  years,  without  producing 
any  extensive  alterations  in  the  habitable  surface,  and  then  to  give  rise, 
during  a  very  brief  period,  to  impoiiant  revolutions. 

Illustration  derived  from  suhndences, — I  shall  illustrate  this  principle 
by  a  few  of  the  most  remarkable  examples  which  present  themselves.  In 
the  course  of  the  last  century,  as  we  have  seen,  a  considerable  number  of 
instances  are  recorded  of  the  solid  surface,  whether  covered  by  water  or 
not,  having  been  permanently  sunk  or  upraised  by  subterranean  move- 
ments. Most  of  these  convulsions  are  only  accompanied  by  temporary 
fluctuations  in  the  state  of  limited  districts,  and  a  continued  repetition  of 
these  events  for  thousands  of  years  might  not  produce  any  decided  change 
in  the  state  of  many  of  those  great  zoological  or  botanical  provinces  of 
which  I  have  sketched  the  boundaries. 

When,  for  example,  large  parts  of  the  ocean  and  even  of  inland  seas 
are  a  thousand  fathoms  or  upwards  in  depth,  it  is  a  matter  of  no  moment 
to  the  animate  creation  that  vast  tracts  should  be  heaved  up  many  fathoms 
at  certain  intervals,  or  should  subside  to  the  same  amount.  Neither  can 
any  material  revolution  be  produced  in  South  America  either  in  the  ter- 
restrial or  the  marine  plants  or  animals  by  a  series  of  shocks  on  the  coast 
of  Chili,  each  of  which,  like  that  of  Penco,  in  1751,  should  uplift  the 
coast  about  twenty-five  feet  Nor  if  the  ground  sinks  fifty  feet  at  a  time, 
as  in  the  harbor  of  Port  Royal,  in  Jamaica,  in  1692,  will  such  alterations 
of  level  work  any  general  fluctuations  in  the  state  of  organic  beings 
inhabiting  the  West  Indian  Islands,  or  the  Carribean  Sea. 

It  is  only  when  the  subterranean  powers,  by  shifting  gradually  the 
points  where  their  principal  force  is  developed,  happen  to  strike  upon 
some  particular  region  where  a  slight  change  of  level  inmiediately  afifects 
the  distribution  of  land  and  water,  or  the  state  of  the  climate,  or  the 
barriers  between  distinct  groups  of  species  over  extensive  areas,  that  the 
rate  of  fluctuation  becomes  accelerated,  and  may,  in  the  course  of  a  few 
years  or  centuries,  work  mightier  changes  than  had  been  experienced  in 
myriads  of  antecedent  years. 

Thus,  for  example,  a  repetition  of  subsidences  causing  the  narrow 
isthmus  of  Panama  to  sink  dovni  a  few  hundred  feet,  would,  in  a  few 
centuries,  bring  about  a  great  revolution  in  the  state  of  the  animate  crea- 
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tion  in  tlie  western  hemisphere.  Thousands  of  aqn&tic  specues  would  pa^^ 
for  the  first  time,  from  the  Oaribbean  Sea  into  the  Padific ;  «nd  thonsandi 
of  others,  before  peculiar  to  the  Pacific  Ocean,  would  make  their  waj 
into  the  Caribbean  Sea,  the  Gulf  of  Mexico,  and  the  Atlantic  A  oon 
siderable  modification  would  probably  be  occasioned  by  tlie  same  erent 
in  the  direction  or  volume  of  Uie  Gulf  stream,  and  thereby  tlie  ten^ra- 
ture  of  the  sea  and  the  contiguous  lands  might  be  altered  aa  &r  as  the 
influence  of  that  current  extends.  A  change  of  dimaie  might  thus  be 
produced  in  the  ocean  from  Florida  to  Spitzbergen,  and  in  many  oonntnes 
of  North  America,  Europe,  and  Greenland.  Not  merely  the  heat,  but 
the  quantity  of  rain  which  faUs,  would  be  altered  in  certcun  districts,  so 
that  many  species  would  be  excluded  from  tracts  where  they  before 
flourished :  others  would  be  reduced  in  number ;  and  some  would  thrive 
more  and  multiply.  The  seeds  also  and  the  fruits  of  plants  would  no 
longer  be  drifted  in  precisely  the  same  directions,  nor  the  ^gs  of  aqnadc 
animals',  neither  would  species  be  any  longer  impeded  in  thdr  migrations 
towards  particular  stations  before  shut  out  &om  them  by  their  inability 
to  cross  the  mighty  current 

Let  us  take  another  example  from  a  part  of  the  globe  which  is  at 
present  liable  to  suflfer  by  earthquakes,  namely,  the  low  sandy  tract  whidi 
intervenes  between  the  sea  of  Azof  and  the  Caspian.  If  there  should 
occur  a  sinking  down  to  a  trifling  amount,  and  such  ravines  should  be 
formed  as  might  be  produced  by  a  few  earthquakes,  not  more  consider- 
able than  have  fallen  within  our  limited  observation  during  the  last  150 
years,  the  waters  of  the  Sea  of  Azof  would  pour  rapidly  into  the  Capias, 
which,  according  to  the  measurements  lately  made  by  the  Academy  of 
SL  Petersburg,  is  84  feet  below  the  level  of  the  Black  Sea.*  The  Sea 
of  Azof  would  immediately  borrow  from  the  Black  Sea,  that  sea  again 
fi^m  the  Mediterranean,  and  the  Mediterranean  from  the  Atlantic,  so  that 
an  inexhaustible  current  would  pour  down  into  the  low  tracts  of  A<^ 
bordering  the  Caspian,  by  whidi  all  the  sandy  salt  steppes  adjacent  to 
that  sea  would  be  inundated.  An  area  of  several  thousand  square  leagues, 
now  below  the  level  of  the  Mediterranean,  would  be  converted  &om  hind 
into  sea. 

Illustration  derived  from  the  elevation  of  land, — ^Let  us  next  imagine 
a  few  cases  of  the  elevation  of  land  of  small  extent  at  certain  critical 
points,  as,  for  example,  in  the  shallowest  part  of  the  Straits  of  Gibraltar, 
where  the  deepest  soundings  from  the  African  to  the  European  dde  give 
only  220  fathoms.  In  proportion  as  this  submarine  barrier  of  rock  was 
upheaved,  the  whole  channel  would  be  contracted  in  width  and  depth, 
and  the  volume  of  water  which  the  current  constantly  flowing  from  the 
Atlantic  pours  into  the  Mediterranean  would  be  lessened.  But  the  loss 
of  the  inland  sea  by  evaporation  would  remain  the  same ;  so  that  being 
no  longer  able  to  draw  on  the  ocean  for  a  supply  sufficient  to  restore  its 
aquilibriumi  it  must  sink,  and  leave  dry  a  certain  portion  of  land  aroimd 

*  8^  a  moU  oa  this  sabjeol^  chap,  x  p.  167. 
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its  borders.  The  cnrrent  which  now  flows  constantly  out  of  the  Kack 
Sea  into  the  Mediterranean  would  then  rush  in  more  rapidly,  and  the 
level  of  the  Mediterranean  would  be  thereby  prevented  from  falling  so 
low ;  but  the  level  of  the  Black  Sea  would,  for  the  same  reason,  sink ;  so 
that  when,  by  a  continued  series  of  elevatory  movements,  the  Straits  of 
Gibraltar  had  become  completely  closed  up,  we  might  expect  laige  and 
tevel  sandy  steppes  to  surround  both  the  Black  Sea  and  Mediterranean, 
like  those  occurring  at  present  on  the  skirts  of  the  Caspian  and  the  Lake 
of  Aral.  The  geographical  range  of  hundreds  of  aquatic  species  would  be 
thereby  circumscribed,  and  that  of  hundreds  of  terrestrial  plants  and 
animals  extended. 

A  line  of  submarine  volcanos  crossing  the  channel  of  some  strait^  and 
gradually  choking  it  up  with  ashes  and  lava,  might  produce  a  new  bar- 
rier as  effectually  as  a  series  of  earthquakes;  especially  if  thermal  springs, 
charged  with  carbonate  of  lime,  silica,  and  other  mineral  ingredients, 
should  promote  the  rapid  multiplication  of  corals  and  shells,  and  cement 
them  together  with  solid  matter  precipitated  during  the  intervals  between 
eruptions.  Suppose  in  this  manner  a  stoppage  to  be  caused  of  the  Ba- 
hama channel  between  the  bank  of  that  name  and  the  coast  of  Florida. 
This  insignificant  revolution,  confined  to  a  mere  spot  in  the  bottom  of 
the  ocean,  would,  by  diverting  the  main  current  of  the  Gulf  stream,  give 
rise  to  extensive  changes  in  the  climate  and  distribution  of  animals  and 
plants  inhabiting  the  northern  hemisphere. 

Illtutratum  from  the  formation  of  new  islands, — A  repetition  of  ele- 
vatory movements  of  earthquakes  might  continue  over  an  area  as  exten- 
sive as  Europe,  for  thousands  of  ages,  at  the  bottom  of  the  ocean,  in  cer- 
tain regions,  and  produce  no  visible  effects ;  whereas,  if  they  should  ope- 
rate in  some  shidlow  parts  of  the  Pacific,  amid  the  coral  archipelagos, 
they  would  soon  give  birth  to  a  new  continent.  Hundreds  of  volcanic 
islands  may  be  thrown  up,  and  become  covered  with  vegetation,  without 
causing  more  than  local  fluctuations  in  the  animate  world ;  but  if  a  chain 
like  the  Aleutian  archipelago,  or  the  Kurile  Isles,  run  for  a  distance  of 
many  hundred  miles,  so  as  to  form  an  almost  uninterrupted  communica- 
tion between  two  continents,  or  two  distant  islands,  the  migrations  of 
plants,  birds,  insects,  and  even  of  some  quadrupeds,  may  cause,  in  a  short 
time,  an  extraordinary  series  of  revolutions  tending  to  augment  the  range 
of  some  animals  and  plants,  and  to  limit  that  of  others.  A  new  archi- 
pelago might  be  formed  in  the  Mediterranean,  the  Bay  of  Biscay,  and  a 
thousand  other  places,  and  might  produce  less  important  events  than  one 
rock  which  should  rise  up  between  Australia  and  Java,  so  placed  that 
winds  and  currents  might  cause  an  interchange  of  the  plants,  insects, 
and  birds. 

From  the  wearing  through  of  an  isthmus, — If  we  turn  from  the  ig- 
neous to  the  aqueous  agents,  we  find  the  same  tendency  to  an  irregular 
rate  of  change,  naturally  connected  with  the  strictest  uniformity  in  the 
energy  of  those  causes.  When  the  sea,  for  example,  gradually  encroaches 
upon  both  sides  of  a  narrow  isthmus,  as  that  of  Sleewick,  separating  the 


694  EFFECT  OF  GEOGBAPHICiLL  CHAVGBB  [Ci  YTJt 

North  Sea  from  the  Baltic,  where,  as  before  stated,  the  difia  on  both  fbe 
opposite  coasts  are  wasting  awaj*,  no  material  alteration  resolts  for 
thousands  of  jean,  save  onlj  that  there  is  a  progressive  oonTersioii  of  a 
small  strip  of  land  into  water.  A  few  feet  only,  or  a  few  yards.,  are  an- 
nually removed ;  but  if^  at  last,  the  partition  should  be  broken  down,  and 
the  tides  of  the  ocean  should  enter  by  a  direct  passage  into  the  inland  sea, 
instead  of  going  by  a  circuitous  route  through  the  Catt^;at,  a  body  of 
salt  water  would  sweep  up  as  far  as  the  Gul&  of  Bothnia  and  Finland, 
the  waters  of  which  are  now  brackish,  or  almost  fresh ;  and  this  reroln- 
tion  would  be  attended  by  the  local  annihilate  n  of  many  8pecie& 

Similar  consequences  must  have  resulted  on  a  small  scale,  when  the 
sea  opened  its  way  through  the  Isthmus  of  Staveren  in  the  thirteenth 
century,  forming  a  union  between  an  inland  lake  and  the  ocean,  and 
opening,  in  the  course  of  one  century,  a  shallow  strait,  more  than  half  as 
wide  as  the  narrowest  part  of  that  which  divides  Kngland  from  France. 
Changes  in  phy ileal  geography  which  tmut  occasion  exiineiian  qfspeciis, 
— It  will  almost  seem  superfluous,  after  I  have  thus  traced  the  important 
modifications  in  the  condition  of  living  beings  which  flow  from  changes 
of  trifling  extent,  to  argue  that  entire  revolutions  might  be  brought 
about,  if  the  climate  and  physical  geography  of  the  whole  globe  were 
greatly  altered.  It  has  been  stated,  that  species  are  in  general  local,  some 
being  confined  to  extremely  small  spots,  and  depending  for  their  existence 
.  m  a  combination  of  causes,  which,  if  Uiey  are  to  be  met  vrith  elsewhere, 
occur  only  in  some  very  remote  region.  Hence  it  must  happen  that, 
when  the  nature  of  these  localities  is  changed,  the  species  will  perish ; 
for  it  will  rarely  happen  that  the  cause  which  alters  the  character 
of  the  district  will  afiford  new  facilities  to  the  species  to  establish  itself 
elsewhere. 

African  deserts. — If  we  attribute  the  origin  of  a  great  part  of  the  desert 
of  Africa  to  the  gradual  progress  of  moving  sands  driven  eastward  by  the 
westerly  winds,  we  may  safely  infer  that  a  variety  of  species  must  have  been 
annihilated  by  this  cause  alone.  The  sand-flood  has  been  inundating,  from 
time  imn  amorial,  some  of  the  rich  lands  on  the  west  of  the  Nile ;  and 
wo  have  only  to  multiply  this  eflfect  a  sufficient  number  of  times  in  oider 
to  understand  how,  in  the  lapse  of  ages,  a  whole  group  of  terrestrial  ani- 
mals and  plants  may  become  extinct 

The  African  desert,  without  including  Bomou  and  Darfour,  extends, 
according  to  the  calculation  of  Humboldt,  over  194,000  square  leagues; 
an  area  nearly  three  times  as  great  as  that  of  France.  In  a  smaU  por- 
Uon  of  so  vast  a  space,  we  may  infer  from  analogy  that  there  were  many 
peculuir  species  of  plante  and  animals  which  must  have  been  banished  by 
tne  sanU,  and  their  habitations  invaded  by  the  camel,  and  by  birds  and 
insects  formed  for  the  arid  sands.  jo™* 

thI^^l^nJ\t''f^  '"''^^"^  '''  ^^  ^^^"'^  ^^  ^^«  catastrophe  to  favor 
«  escape  or  tne  tormer  inhabitants  to  some  adjoining  province ;  nothing 

*  flee  aboye^  p.  817. 
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to  weaken,  in  the  bordering  lands,  that  powerful  barrier  against  emigra- 
tion— pre-occupancy.  Nor,  even  if  the  exclusion  of  a  certain  group  of 
species  from  a  given  tract  were  compensated  by  an  extension  of  their 
range  over  a  new  country,  would  that  circumstance  tend  to  the  conserva- 
tion of  species  in  general ;  for  the  extirpation  would  merely  then  be 
transferred  to  the  region  so  invaded.  If  it  be  imagined,  for  example,  that 
the  aboriginal  quadrupeds,  birds,  and  other  animals  of  Africa,  emigrated 
in  consequence  of  the  advance  of  drift-sand,  and  colonized  Arabia,  the 
indigenous  Arabian  species  must  have  given  way  before  them,  and  have 
been  reduced  in  number  or  destroyed. 

Let  us  next  suppose  that,  in  some  central  or  more  elevated  parts  of  the 
great  African  desert,  the  upheaving  power  of  subterranean  movements 
should  be  exerted  throughout  an  immense  series  of  ages,  accompanied,  at 
certain  intervals,  by  volcanic  eruptions,  such  as  gave  rise  at  once,  in  1755, 
to  a  mountain  1600  feet  high,  on  the  Mexican  plateau.  When  the  con- 
tinued repetition  of  these  events  had  caused  a  mountain-chain,  it  is 
obvious  that  a  complete  transformation  in  the  state  of  the  climate  would 
be  brought  about  throughout  a  vast  area. 

We  may  imagine  the  summits  of  the  new  chain  to  rise  so  high  as  to 
be  covered,  like  Mount  Atlas,  for  several  thousand  feet,  with  snow,  during 
a  great  part  of  the  year.  The  melting  of  these  snows,  during  the  great- 
est heat,  would  cause  the  rivers  to  swell  in  the  season  when  the  greatest 
drought  now  prevails ;  the  waters,  moreover,  derived  from  this  source, 
would  always  be  of  lower  temperature  than  the  surrounding  atmosphere, 
and  would  thus  contribute  to  cool  the  climate.  During  the  numerous 
earthquakes  and  volcanic  eruptions  supposed  to  accompany  the  gradual 
formation  of  the  chain,  there  would  be  many  floods  caused  by  the  burst- 
ing of  temporary  lakes,  and  by  the  melting  of  snows  by  lava.  These 
inundations  might  deposit  alluvial  matter  far  and  wide  over  the  original 
sands,  as  the  country  assumed  varied  shapes,  and  was  modified  again  and 
again  by  the  moving  power  from  below,  and  the  aqueous  erosion  of  the 
surface  above.  At  length  the  Sahara  might  be  fertilized,  irrigated  by  rivers 
and  streamlets  intersecting  it  in  every  direction,  and  covered  by  jungle 
and  morasses ;  so  that  the  animals  and  plants  which  now  people  Northern 
Africa  would  disappear,  and  the  region  would  gradually  become  fitted 
for  the  reception  of  a  populalion  of  species  perfectly  dissimilar  in  their 
forms,  habits,  and  organization. 

There  are  always  some  peculiar  and  characteristic  features  in  the  phy- 
sical geography  of  each  large  division  of  the  globe ;  and  on  these 
peculiarities  the  state  of  animal  and  vegetable  life  is  dependent.  I^ 
therefore,  we  admit  incessant  fluctuations  in  the  physical  geography,  we 
must,  at  the  same  time,  concede  the  successive  extinction  of  terrestrial 
and  aquatic  species  to  be  part  of  the  economy  of  our  system.  When 
some  great  class  of  stations  is  in  excess  in  certain  latitudes,  as,  for  example, 
in  wide  savannahs,  arid  sands,  lofty  mountains,  or  inland  seas,  we  find  a 
corresponding  development  of  species  adapted  for  such  circumstances. 
In  North  America,  where  there  is  a  chain  of  vast  inland  lakes  of  fresh 
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water,  ve  find  an  extraordinary  abundance  and  variety  of  aquatic  imdM, 
fresb-water  fish,  testacea,  and  small  ampbibioos  reptiles,  fitted  for  aodi  r 
climate.  Tbe  greater  part  of  tbese  would  per^  if  the  faJces 
destroyed, — ^an  event  that  might  be  brought  about  by  some  of  the  J 
of  those  important  revolutions  contemplated  in  geology.  It  miglit 
happen  that  no  fresh-water  lakes  of  corresponding  magnitude  nngiit  tiMs 
exist  ou  the  globe ;  or  that,  if  they  occurred  elsewboe,  they  might  be 
situated  in  New  Holland,  Southern  Afnca,  Eastern  Asia,  or  some  icgioB 
so  distant  as  to  be  quite  inaccessible  to  the  North  American  ^wcmb;  or 
they  might  be  situated  within  the  tropics,  in  a  dimate  miinhabitable  by 
creatures  fitted  for  a  temperate  zone ;  or,  finally,  we  may  piesume  that 
they  would  be  pre-occupied  by  indigenous  tribes. 

A  vivid  description  has  been  given  by  Mr.  Darwin  and  Sir  W.  Tanak 
of  the  great  droughts  which  have  sometimes  visited  the  Pampas  ai  Sooth 
America,  for  three  or  four  years  in  succession,  during  which  an  ineied^ 
number  of  wild  animals,  cattle,  horses,  and  birds,  have  perished  firam 
want  of  food  and  water.  Several  hundred  thousand  animak  weredroinir 
ed  in  the  Parana  alone,  having  rushed  into  the  river  to  drink,  and  being 
too  much  exhausted  by  hunger  to  escape.*  Such  droughts  are  often 
attended  in  South  America  and  other  hot  climates  by  wide-^neading 
conflagrations,  caused  by  lightning,  which  fires  the  dried  grass  and  brash- 
wood.  Thus  quadrupeds,  birds,  insects,  and  other  creatures,  are  destroyed 
by  myriads.  How  many  species,  both  of  the  animal  and  iregetable  worid^ 
which  once  flourished  in  the  country  between  the  valley  of  the  Puana 
and  the  Straits  of  Magellan,  may  not  have  been  annihilated,  since  the  fiiat 
drought  or  first  conflagration  b^an ! 

To  pursue  this  train  of  reasoning  &rther  is  unnecessaiy ;  tlie  geologiat 
has  only  to  reflect  on  what  has  been  said  of  the  habitations  and  stations 
of  organic  beings  in  general,  and  to  consider  them  in  relation  to  those 
effects  which  were  contemplated  in  the  second  book,  as  lesolting  fiRan 
the  igneous  and  aqueous  causes  now  in  action,  and  he  wiU  immediately 
perceive  that,  amidst  the  vicissitudes  of  the  earth's  surCsce,  species  cannot 
be  immortal,  but  must  perish,  one  after  the  other,  like  the  individqals 
which  compose  them.  There  is  no  possibility  of  escaping  from  this  eon- 
elusion,  without  resorting  to  some  hypothesis  as  violent  as  that  of 
Lamarck,  who  imagined,  as  we  have  before  seen,  that  q)ecie8  are  eadi  ci 
them  endowed  with  indefinite  powers  of  modifying  their  organization^  in 
conformity  to  the  endless  changes  of  circumstances  to  which  they  are 
exposed. 

Effects  of  a  general  Alteration  in  Climate  on  the  DistHhution  (fSpedet 

Some  of  the  effects  which  must  attend  every  general  alteration  of  eU- 
mate  are  sufiSciently  peculiar  to  chum  a  separate  c<8Dsideiation  before 
eonduding  the  present  chapter. 

*  Darwin'i  Jounud,  p.  166.,  2d  ed.  p.  ISS.    Sir  W.  Paikh,  Buenos  Att«%  4a 
71.  and  161. 
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I  have  before  stated  that^  during  seaaons  of  extraiordiiiaiy  seTezity, 
nuuij  n<Nriheni  biida,  and  in  some  oountries  many  quadrapedB,  migrate 
southwards.  If  these  oold  seasons  wave  to  become  frequent,  in  conse- 
quenoe  of  a  gradual  and  general  refrigeration  of  the  atmosphere,  such 
migrations  vould  be  more  and  more  reguUxr,  until,  at  length,  many 
animah,  now  oonfimed  to  the  arctic  regions,  would  become  the  tenants 
of  the  temperate  zone;  while  the  inhabitants  of  the  temperate  zone  would 
approach  nearer  to  the  equator.  At  the  same  time,  many  species  pre» 
▼ioualy  estltbhshed  on  high  mountains  would  begin  to  descend,  in  eveiy 
latitude,  towards  the  fniddle  regions;  and  those  which  were  confined  to 
the  flanks  of  mountains  would  make  their  way  into  the  plains.  Analo- 
gous changes  would  abo  take  pUce  in  the  T^taUe  kingdom. 

I^  on  the  contrary,  the  heat  of  the  atmosphere  be  on  the  increase,  the 
plants  and  animals  of  low  grounds  would  ascend  to  higher  leveb,  the 
equatorial  species  would  migrate  into  the  temperate  zone,  and  those  of 
the  temperate  into  the  arctic  cirde. 

But  although  some  species  might  thus  be  presenred,  every  great  change 
of  climate  must  be  &tal  to  many  which  can  £bid  no  pkce  of  retreat  when 
their  original  habitatioiis  become  un£tlbr  thenu  For  if  the  general  tem- 
peratoie  be  on  the  rise,  then  there  is  no  cooler  region  whither  the  polar 
i^cies  can  take  refuge;  if  it  be  on  the  decline,  then  the  animals  and 
plants  previously  established  between  the  tropics  have  no  resource.  Sup- 
pose the  general  heat  ci  the  atmosphere  to  increase,  so  that  even  the 
arctic  region  became  too  warm  for  the  musk-ox  and  rein-deer,  it  is  clear 
that  they  must  perish;  so  if  the  torrid  zone  should  lose  so  much  of  its 
heat,  by  the  progressive  refrigeration  of  the  earth's  surface,  ss  to  be  an 
unfit  habitation  for  apes,  boas,  bamboos,  and  palms,  these  tribes  of  ani- 
mals and  plants,  or,  at  least,  most  of  the  species  now  belonging  to  them, 
would  become  extinct,  lor  there  would  be  no  wanner  latitudes  for  their 
reoepjkion. 

It  will  follow,  therefore,  that  as  often  ss  the  climates  of  the  globe  are 
passing  from  the  extreme  of  heat  to  that  of  cold — ^from  the  summer  to 
the  winter  of  the  great  year  before  alluded  to* — ^the  migratory  movement 
will  be  directed  constantly  frx>m  the  poles  towards  the  equator;  and  for 
this  reason  the  species  inhabitmg  parallel  latitudes,  in  the  northern  and 
southern  hemispheres,  must  become  widely  different.  For  I  assume,  on 
grounds  before  explained,  that  the  origmal  stock  of  each  species  is  intro- 
duced into  one  spot  <^  the  earth  only,  and,  consequently,  no  species  can 
be  at  once  indigenous  in  the  arctic  and  antarctic  circles. 

But  when,  on  the  contrary,  a  series  of  changes  in  the  physical  geograr 
phy  of  the  globe,  or  any  other  supposed  cause,  oocasiQns  an  elevation  of 
the  general  temperature, — ^when  there  is  a  passage  from  the  winter  to  one 
of  the  Temal  or  summer  seasons  of  ihe  great  cycle  of  climate, — ^tben  the 
order  of  the  migratory  movement  is  inverted.  The  diflTerenf  species  of 
animals  and  plants  direct  their  course  from  the  equator  towards  the  pedes 

•  See  above,  chap,  vii  p^  IIS* 
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and  the  northern  and  sonthem  hemispheres  may  beocHne  peopled  to  a 
certam  limited  extent  by  identical  species. 

I  say  limited,  because  we  cannot  specolate  on  the  entire  tianspositian 
of  a  group  of  animals  and  plants  fr(»n  tropical  to  ^pdax  latitudes,  or  the 
reverse,  as  a  probable  St  even  posdble  event  We  may  believe  tbe  mean 
annual  temperature  of  one  zone  to  be  tnmsferable  to  another,  bat  we 
know  that  Uie  same  climate  cannot  be  so  transferred.  Whatever  be  the 
general  temperature  of  the  earth's  sui^ice,  comparative  equability  of  heat 
will  characterize  the  tropical  regions;  while  great  periodical  variatitHB 
will  belong  to  the  temperate,  and  still  more  to  the  polar  latitudes,  lliese, 
and  many  other  peculiarities  connected  with  heat  and  light,  dqiend  on 
fixed  astronomical  causes,  such  as  the  motion  of  the  ear^  and  its  position 
in  relation  to  the  sun,  and  not  on  those  fluctuations  of  its  surfiioe  which 
may  influence  the  general  temperature. 

Among  many  obstacles  to  such  extensive  transference  of  habitatkaiB, 
we  must  not  forget  the  inmiense  lapse  of  time  required,  according  to  &e 
hypothesis  before  suggested,  to  bring  about  a  considerable  change  in 
climate.  During  a  period  so  vast,  the  other  cause  of  extirpation,  before 
enumerated,  would  exert  so  powerful  an  influence  as  to  prevent  all,  save 
a  very  few  hardy  species,  from  passing  from  equatorial  to  polar  regionSi 
or  from  the  tropics  to  the  pole.* 

But  the  power  of  accommodation  to  new  circumstances  is  great  in 
certain  spedes,  and  might  enable  many  to  pass  from  one  zone  to  another^ 
if  the  mean  annual  heat  of  the  atmosphere  and  the  ocean  were  greatly 
altered.  To  ihe  miarme  tribes,  especially,  such  a  passage  would  be  posei- 
ble;  for  they  are  less  impeded  in  their  migrations  by  barriers  of  land, 
than  are  the  terrestrial  by  the  ocean.  Add  to  this,  that  the  tanpoataie 
of  the  ocean  is  much  more  uniform  than  that  of  the  atmosphere  investing 
the  land;  so  that  we  may  easily  suppose  that  most  of  the  testaoea,  fish, 
and  other  classes,  might  pass  fr^m  the  equatorial  into  the  temperate 
regions,  if  the  mean  temperature  of  those  regions  were  transposed,  although 
a  second  expatriation  of  these  species  of  tropical  origin  into  the  arctic  and 
antarctic  circles  would  probably  be  impossible. 

Let  us  now  consider  more  particularly  the  effect  of  vicissitudes  of 
climate  in  causing  one  species  to  give  way  before  the  increasmg  numbert 
of  some  other. 

When  temperature  forms  the  barrier  which  arrests  the  progress  of  an 
animal  or  plant  in  a  particular  direction,  the  individuals  are  fewer  and 
less  vigorous  as  they  approach  the  extreme  confines  of  the  gec^raphioal 
range  of  the  species.  But  these  stragglers  are  ready  to  multiply  rapidly 
on  the  slightest  increase  or  diminution  of  heat  that  may  be  frivorable 
to  them,  just  as  particular  insects  increase  during  a  hot  summer,  and 
certain  plants  and  animals  gain  ground  after  a  series  of  congenial 
seasons. 

In  almost  every  district,  especially  if  it  be  mountainous,  there  are  a 

•  Sm  above,  ohaps.  tl  viL  and  vlii 
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▼arietj  of  Bpedes  the  limits  of  whose  habitations  aie  oonterminous^  80in« 
being  unable  to  proceed  farther  without  encountering  too  much  heat, 
others  too  much  cold.  Individuals,  which  are  thus  on  the  bordeis  of  the 
regions  proper  to  their  respective  species,  are  like  the  outposts  of  hostile 
annies,  ready  to  profit  by  every  slight  change  of  circumstances  in  their 
£Eivor,  and  to  advance  upon  tne  ground  occupied  by  their  neighbors 
and  opponents. 

The  proximity  of  distinct  climates  produced  by  the  inequalities  of  the 
earth's  surface,  brings  species  possessing  very  different  constitutions  into 
such  immediate  contact,  that  their  naturalizations  are  very  speedy  when- 
ever opportunities  of  advancing  present  themselves.  Many  insects  and 
plants^  for  example,  are  conmion  to  low  plains  within  the  arctic  circle, 
and  to  lofty  mountains  in  Scotland  and  other  parts  of  Europe.  If  the 
climate,  therefore,  of  the  polar  regions  were  transferred  to  our  own  lati- 
tudes, the  species  in  question  would  immediately  descend  from  these  ele- 
vated stations  to  overrun  the  low  grounds.  Invasions  of  this  kind,  at- 
tended by  the  expulsion  of  the  pre-occupants,  are  almost  instantaneous, 
because  the  change  of  temperature  not  only  places  the  one  species  in  a 
more  favorable  position,  but  renders  the  others  sickly  and  almost  inca- 
pable of  defence. 

These  changes  inconsistent  with  the  theory  of  transmutation, — ^Lamarck, 
when  speculating  on  the  transmutation  of  species,  supposed  every  modifi- 
cation in  organization  and  instinct  to  be  brought  about  slowly  and  insen- 
sibly in  an  indefinite  lapse  of  ages.  But  he  does  not  appear  to  have 
sufficiently  considered  how  much  every  alteration  in  the  physical  condition 
of  the  habitable  sur&ce  changes  the  relations  of  a  great  number  of  co- 
existing species,  and  that  some  of  these  would  be  ready  instantly  to  avail 
themselves  of  the  slightest  change  in  their  favor,  and  to  multiply  to  the 
injuiy  of  others.  Even  if  we  thought  it  possible  that  the  palm  or  the 
elephant,  which  now  flourish  in  equatorisd  regions,  could  ever  learn  to 
bear  the  variable  seasons  of  our  temperate  zone,  or  the  rigors  of  an 
arctic  winter,  we  might  with  no  less  confidence  affirm,  that  they  must 
perish  before  ihey  had  time  to  become  habituated  to  such  new  circum- 
stances. That  they  would  be  displaced  by  other  species  as  often  as  the 
climate  varied,  may  be  inferred  from  the  data  before  explained  respect- 
ing the  local  extermination  of  species  produced  by  the  multiplication  of 
others. 

Suppose  the  climate  of  the  highest  part  of  the  woody  zone  of  Etna  to 
be  transferred  to  the  sea-shore  of  the  base  of  the  mountain,  no  botanist 
would  anticipate  that  the  olive,  lemon-tree,  and  prickly  pear  (Cactus 
Opuntia)  would  be  able  to  contend  with  the  oak  and  chestnut,  which 
would  begin  forthwith  to  descend  to  a  lower  level ;  or  that  these  last 
would  be  able  to  stand  t}ieir  ground  against  the  pine,  which  would  also, 
in  the  space  of  a  few  years,  begin  to  occupy  a  lower  position.  We  might 
form  some  kind  of  estimate  of  the  time  which  might  be  required  for  the 
migrations  of  these  plants ;  whereas  we  have  no  data  for  concluding  that 
any  number  of  thousands  of  years  would  be  sufficient  for  one  step  in  the 
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pYdtended  metamorphoeos  of  one  species  into  another,  pceseaBing  disliiicl 
attributes  and  qualities. 

This  argument  is  applicable  not  merely  to  dtmaiey  bat  to  any  oHier 
cause  of  mutation.  However  slowly  a  lake  may  be  conyerted  into  a 
marsh,  or  a  mareh  into  a  meadow,  it  is  evident  tW  before  the  lacuatiine 
plants  can  acquire  the  power  of  living  in  manhes,  or  the  marah-plants 
of  living  in  a  less  humid  soil,  other  species,  abready  existing  in  the  region, 
and  fitted  for  these  several  stations,  will  intrude  and  keep  possessian  of 
the  ground.  Bo,  if  a  tract  of  salt  water  becomes  iresh  by  passing  through 
eveiy  intermediate  degree  <^  braddshnen,  stiU  the  marine  moHuflikB  will 
never  be  permitted  to  be  gradually  metamofphosed  into  fluviatile  spedes ; 
because  long  before  any  such  transformation  can  take  place  by  slow  and 
insensible  degrees,  other  tribes,  already  formed  to  delight  in  braddsh  or 
fresh  water,  will  avail  themselves  of  the  change  in  the  fluids  and  wiH, 
each  in  their  turn,  monopolize  the  space. 

It  is  idle,  therefore,  to  dispute  about  the  abstract  posability  of  the 
conversion  of  one  species  into  another,  when  there  are  known  oanses  so 
much  more  active  in  their  nature,  which  must  always  intervene  and  pre- 
vent the  actual  accomplishment  of  such  conversions.  A  £unt  image  of 
the  certain  doom  of  a  species  lees  fitted  to  struggle  with  some  new  eon- 
dition  in  a  region  which  it  previously  inhabited,  and  where  it  haa  to  con- 
tend with  a  more  vigorous  species,  is  presented  by  the  extirpation  of  sav- 
age tribes  of  men  by  the  advancing  colony  of  some  dvilized  nation.  In 
this  case  the  contest  is  merely  between  two  different  races — two  varieties^ 
moreover,  of  a  species  which  exceeds  all  oth^s  in  its  aptitude  to  accom- 
modate its  habits  to  the  most  extraordinary  variations  of  drcumstanoes. 
Yet  few  future  events  are  more  certain  than  the  speedy  extemunation  of 
the  Indians  of  North  America  and  the  savages  of  New  Holland  in  the 
course  of  a  few  centuries,  when  these  tribes  will  be  remembered  only  in 
poetry  or  history. 

Concluding  remarks. — ^We  often  hear  astonishment  expressed  at  the 
disappearance  from  the  earth  in  times  comparatively  modem  of  many 
small  as  well  as  large  animals,  the  remains  of  which  have  been  found  in 
a  fossil  state,  under  circumstances  implying  that  neither  any  great  geo- 
graphical revolution,  nor  the  exterminating  influence  of  man  has  inters 
vened  to  account  for  their  extinction.  But  in  all  such  cases  we  should 
inquire  whether  we  are  sufficiently  acquainted  with  the  numerous  and 
complicated  conditions  on  which  the  parpetuation  of  eadi  species  depends, 
to  entitle  us  to  wonder  if  it  should  be  suddenly  cut  off. 

Mr.  Darwin,  when  calling  attention  to  the  fact  that  the  horse,  mega- 
therium, megalonyx,  and  many  contemporary  Mammalia,  had  perished 
in  South  America  after  that  continent  had  acquired  its  present  confi- 
guration, and  when,  if  we  may  judge  by  the  Testacea,  the  climate  veiy 
nearly  resembled  the  present,  observes,  "  that  in  the  living  creation  one 
species  is  often  extremely  rare  in  a  given  r^on,  while  another  of  the 
•«^me  genus  and  with  closely  allied  habits  is  exceedin^y  common.    A 
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xoologist  familiar  with  fioch  phenomena,  if  asked  to  explain  them,  uEtt* 
ally  replies,  that  some  slight  difference  in  climate,  food,  or  the  number 
of  its  enemies,  must  determine  the  relative  strength  of  the  two  species 
in  question^  although  we  ms^  be  imable  to  point  oat. the  precise  man- 
ner of  the  action  of  the  check.  We  are,  therefore,  driven  to  the  con- 
clusion, that  causes  generally  quite  inappreciable  by  us  determine  whe- 
ther a  given  species  shall  be  abundant  or  scanty  in  numbers.  Why, 
then,  should  we  feel  astonishment  if  the  ranty  is  occasionally  carried  a 
step  £Euiher, — ^to  extinction  T  * 


CHAPTER  XLTTT", 

BXTINOTION  AKS   OBXAnOK   01*  BPSOIES. 

Theory  of  the  Buceessiye  extinction  of  Bpecies  conustent  with  a  limited  geogni* 
phical  distribution — Opinions  of  botanists  respecting  the  centres  from  which 
plants  have  been  diffosed — ^Whether  there  are  grounds  for  inferring  that  the 
loesy  from  time  to  time^  of  certain  animals  and  plants^  is  compensated  by  the 
introduetion  of  .new  species  l*-Whether  anyeyidenee  of  such  new  creatiota 
could  be  expected  within  the  historical  era  l-^The  question  whether  the  exist* 
ing  species  have  been  created  in  snceession  must  be  decided  by  geological 
monuments. 

Stiecessive  JSxtinetian  of  Species  consistent  with  their  limited  Oeoffra* 
phical  Distribution, 

In  the  preceding  chapters  I  have  pointed  out  the  strict  dependence 
of  each  species  of  animal  and  plant  on  certain  physical  conditions  in 
the  state  of  the  earth's  surface,  and  on  the  number  and  attributes  of 
other  organic  beings  inhabiting  the  same  region.  I  have  also  endea- 
vored to  show  that  all  these  conditions  are  in  a  state  of  continual 
fluctuation,  the  igneous  and  aqueous  agents  remodelling,  from  time 
to  time,  the  physical  geography  of  the  globe,  and  the  migrations  of 
species  causing  new  relations  to  spring  up  successively  between  different 
organic  beings.  I  have  deduced  as  a  corollary,  that  the  species  existing 
at  any  particular  period,  must,  in  the  course  of  ages,  become  extinct 
one  after  the  other.  ^  They  must  die  out,"  to  borrow  an  emphatical 
expression  from  Buffon,  **  because  Time  fights  against  them." 

If  the  views  which  I  have  tiJcen  are  just,  there  will  be  no  difSculty  in 
explaining  why  the  habitations  of  so  many  species  are  now  restrained 
within  exceedingly  narrow  limits.  Every  local  revolution,  such  as 
those  contemplated  in  the  preceding  chapter,  tends  to  circumscribe  the 
range  of  some  species,  while  it  enlai^es  that  of  others;  and  if  we  are 

•  J4yiint  erf  Kai.  Hist.  ^  Ad  edit,  1845,  p.  116;  aho  LyeU**  ad  Tisi*  to  tU 
United  States^  voL  i.  p.  851. 
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led  to  infer  tbat  new  species  originate  in  one  spot  only,  each  most 
require  time  to  diffuse  itself  over  a  wide  area.  It  will  follow,  there- 
fore, from  the  adoption  of  this  hypothesis,  that  the  recent  origin  <^ 
some  species,  and  the  high  antiquity  ci  others,  are  equally  consistent 
with  the  general  &ct  of  their  limited  distribution;  some  being  local, 
because  they  have  not  existed  long  enough  to  admit  of  their  wide 
dissemination ;  others,  because  ciscumstances  in  the  animate  or  inani- 
mate world  have  occurred  to  restrict  the  range  which  they  may  once 
have  obtained.  As  a  general  rule,  however,  species,  common  to  many 
distant  provinces,  or  those  now  found  to  inhabit  very  distant  parts  of 
the  globe,  are  to  be  regarded  as  the  most  ancient  Numerically  speak- 
ing, they  may  not  perhaps  be  largely  represented,  but  their  wide  diflfu- 
sion  shows  that  they  have  had  a  long  time  to  spread  themselves,  and 
have  been  able  to  survive  many  important  revolutions  in  physical 
geography. 

After  so  much  evidence  has  been  brought  to  light  by  the  geologist, 
of  land  and  sea  having  changed  places  in  various  regions  since  the 
existing  species  were  in  being,  we  can  feel  no  surprise  that  the  zoologist 
and  botanist  have  hitherto  found  it  difficult  to  refer  the.  geographical 
distribution  of  species  to  any  clear  and  determinate  principles,  since 
they  have  usually  speculated  on  the  phenomena,  upon  the  assumptioa 
that  the  physical  geography  of  the  globe  had  undergone  no  material 
alteration  since  the  introduction  of  the  species  now  living.  So  long  as 
this  assumption  was  made,  the  &ct8  relating  to  the  geography  of  plants 
and  animals  appeared  capricious  in  the  extreme,  and  by  many  the  sub- 
ject was  pronounced  to  be  so  full  of  mystery  and  anomalies,  that  the 
establishment  of  a  satisfactory  theory  was  hopeless.* 

Centres  from  which  ptants  have  been  diffused, — Some  botanists  con- 
ceived, ic  accordance  with  the  hypoth^is  of  Wildenow,  that  mountains 
were  the  centres  of  creation  from  which  the  plants  now  inhabiting  large 
continentB  have  radiated ;  to  which  De  CandoUe  and  others,  with  much 
reason,  objected,  that  mountains,  on  the  contrary,  are  often  the  barriers 
between  two  provinces  of  distinct  vegetation.  The  geologist  who  is 
acquainted  with  the  extensive  modifications  which  the  sur£nce  of  the 

*  This  and  the  preceding  chapter,  on  the  causes  of  extinction  of  species  sad 
their  present  geographical  distribution,  are  reprinted  almost  verbatim  from  the 
original  edition  of  the  second  volnme  of  "The  Prindples,"  published  in  Jannaiy. 
1882.  It  was  I  believe  the  fint  attempt  to  point  out  how  former  changes  in  the 
geography  and  local  climate  of  many  parts  of  the  globe  most  be  taken  into 
account  when  we  eiideavor  to  ezplam  the  actual  provinces  of  plants  and  ani- 
mal^  the  changes  alluded  to  having  been  proved  by  geological  evidence  to  be 
subseoueht  to  the  creation  of  a  great  proportion  of  the  species  now  living  and 
these  having  been,  according  to  the  view  which  I  advocateo,  introduced  in  snoces- 
sion,  and  not  all  at  one  geological  epoch.  In  my  third  volume,  poblished  ia 
May,  1888, 1  announced  my  conviction  that  the  greater  part  of  the  «*»iid:ing  Faona 
and  Flora  of  Sicily  were  older  than  the  mountama^  plains^  and  rivers,  wSch  the 
same  species  of  animals  and  plants  now  inhabit  (Prin.  of  Geol ,  vol.  ill  eh.  is. ; 
repeated  in  Elements  of  GeoL,  2d  edit,  vol  i  p.  297.)  This  line  of  reasoning 
has  since  been  ably  followed  up  and  elucidated  by  Professor  EL  Forbes  in  ac 
azoeUent  paper  (published  in  1846)  already  alluded  to.    (See  page  86.) 
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earth  has  nndergone  in  veiy  recent  geological  epochs,  may  be  able,  per- 
haps, to  reconcile  both  these  theories  in  their  application  to  different 
regions. 

A  lofty  range  of  mountains,  which  is  so  ancient  as  to  date  from  a 
period  when  the  species  of  animals  and  plants  differed  from  those  now 
living,  will  naturally  form  a  barrier  between  contiguous  provinces ;  but  a 
chain  which  has  been  raised,  in  great  part,  within  the  epoch  of  existing 
species,  and  around  which  new  lands  have  arisen  from  the  sea  within 
that  period,  will  be  a  centre  of  peculiar  vegetation. 

"In  France,"  observes  De  Candolle,  "the  Alps  and  Cevennes  prevent 
a  great  number  of  the  plants  of  the  south  from  spreading  themselves  to 
the  northward ;  but  it  has  been  remarked  that  some  species  have  made 
their  way  through  the  goiges  of  these  chains,  and  are  found  on  their 
northern  sides,  principally  in  those  places  where  they  are  lower  and  more 
interrupted.'**  Now  the  chains  here  alluded  to  have  probably  been  of 
considerable  height  ever  since  the  era  when  the  existing  vegetation  began 
to  appear,  and  were  it  not  for  the  deep  fissures  which  divide  them,  they 
might  have  caused  much  more  abrupt  terminations  to  the  extension  of 
distinct  assemblages  of  species. 

Parts  of  the  Italian  peninsula,  on  the  other  hand,  have  gained  a  con- 
siderable portion  of  their  present  height  since  a  majority  of  the  marine 
species  now  inhabiting  the  Mediterranean,  and  probably,  also,  since  the 
terrestrial  plants  of  the  same  region  were  in  being.  Large  tracts  of  land 
have  been  added,  both  on  the  Adriatic  and  Mediterranean  side,  to  what 
originally  constituted  a  much  narrower  range  of  mountains,  if  not  a  chain 
of  islands  running  nearly  north  and  south,  like  Corsica  and  Sardinia.  It 
may  therefore  be  presumed  that  the  Apennines  have  been  a  centre  whence 
species  have  diffused  themselves  over  the  contiguous  laioer  and  newer 
regions.  In  this  and  all  analogous  situations,  the  doctrine  of  Wildenow, 
that  species  have  radiated  from  the  mountains  as  from  centres,  may  be 
well  founded. 

Introduction  of  New  Species. 

If  the  reader  should  infer,  from  the  facts  laid  before  him  in  the  pre- 
ceding chapters,  that  the  successive  extinction  of  animals  and  plants  may 
be  part  of  the  constant  and  regular  course  of  nature,  he  will  naturally 
inquire  whether  there  are  any  means  provided  for  the  repair  of  these 
losses  f  Is  it  part  of  the  economy  of  our  system  that  the  habitable  globe 
should,  to  a  certain  extent,  become  depopulated  both  in  the  ocean  and 
on  the  land ;  or  that  the  variety  of  species  should  diminish  until  some 
new  era  arrives  when  a  new  and  extraordinary  effort  of  creative  energy 
is  to  be  displayed  ?  Or  is  it  possible  that  new  species  can  be  called  into 
being  from  time  to  time,  and  yet  that  so  astonidiing  a  phenomenon  can 
escape  the  observation  of  naturalists  ? 

*  Bwai  Eltoentaire^  d^  p^  46b 
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Humboldt  has  cbaracterued  these  subjects  as  among  the  mj8teri« 
which  natural  soienoe  cannot  reach ;  and  he  observes  that  the  investiga- 
tion of  the  origin  of  beings  does  not  belong  to  zoolo^cal  or  botanical 
geography.  To  geology,  however,  these  topics  do  strictly  appertain ;  and 
this  science  is  chiefly  interested  in  inquiries  into  the  state  of  the  animate 
deation  as  it  now  exists,  with  a  view  of  pointing  out  its  relations  to  ante- 
cedent periods  when  its  condition  was  different 

Before  offering  any  hypothesis  towards  the  sdution  of  so  di^Scult  a 
problem,  let  us  consider  what  kind  of  evidence  we  ought  to  expect,  in 
the  present  state  of  science,  of  the  first  appearance  of  new  animals  or 
plants,  if  we  could  imagine  the  successive  creation  of  species  to  constitute, 
like  their  giadual  extinction,  a  regular  part  of  the  economy  of  nature. 

In  the  first  place  it  i$  obviously  more  easy  to  prove  that  a  specieB, 
cmce  numerously  represented  in  a  given  district,  has  ceased  to  be,  than 
that  some  other  which  did  not  pre-exist  has  made  its  appearance— 
assuming  always,  for  reascMis  before  stated,  that  single  stocks  only  of  eadi 
animal  and  plant  are  originally  created,  and  4hai  individuals  of  new 
species  do  not  suddenly  start  up  in  many  different  places  at  onoe. 

So  imperfect  has  the  science  of  natural  histozy  remained  down  to  our 
own  times,  that,  within  the  memory  of  persons  now  living,  the  numbers 
of  known  animals  and  plants  have  been  douUed,  or  even  quadrupled,  in 
*  many  classes.  New  and  often  conspicuous  species  are  annually  disoovei^ 
ed  in  parts  of  the  old  continent,  long  inhabited  by  the  most  civilized 
nations.  Conscious,  therefore,  of  the  limited  extent  of  our  information, 
we  always  infer,  when  such  discoveries  are  made,  that  the  beings  in 
question  had.  previously  eluded  our  research ;  or  had  at  least  existed  else- 
where, and  only  migrated  at  a  recent  period  into  ihe  territories  where  we 
now  find  them.  It  is  difficult,  even  in  contemplation,  to  anticipate  the 
time  when  we  shall  be  entiUed  to  make  any  other  hypothec  in  tegaid 
to  all  the  marine  tribes,  and  to  by  far  the  greater  number  of  the  teixes- 
trial ; — such  as  birds,  which  possess  such  unlimited  powers  of  migratioa; 
insects,  which,  besides  the  variability  of  each  species  in  number,  axe  also 
so  capable  of  being  diffused  to  vast  distances ;  and  cryptogamous  plants, 
to  which,  as  to  many  other  classes,  both  of  the  animal  and  vegetable 
kingdom,  similar  observations  are  applicable. 

What  kind  of  evidence  of  new  creations  could  be  expected  f — ^What  1""*^ 
of  proob,  therefore,  could  we  reasonably  expect  to  fijoid  (^  the  origin  at  a 
particular  period  of  a  new  species? 

Perhaps  it  may  be  said  in  rejdy  that,  within  the  last  two  or  three  cen- 
turies, some  forest  tree  or  new  quadruped  might  have  been  observed  to 
appear  suddenly  in  those  parts  of  England  or  France  which  had  been 
most  thoroughly  investigated ; — ^that  naturahsts  might  have  been  aUe  to 
show  that  no  such  living  being  inhabited  any  other  rj^on  of  the  giobe^ 
and  that  there  was  no  tradition  of  anything  similar  having  befi>re  been 
observed  in  the  district  where  it  had  made  its  appearance. 

Now,  although  this  objection  may  seem  plausible,  yet  its  force  will  be 
found  to  depend  entirely  on  the  rate  of  fluctuation  which  we  suppose  to 
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prevail  in  the  animate  world,  and  on  the  proportion  which  such  conspicu- 
ous subjects  of  the  animal  and  vegetable  kingdoms  bear  to  those  which 
are  less  known  and  escape  our  observation.  There  are,  perhaps,  more  than 
a  million  species  of  plants  and  animals,  exclusive  of  the  microscopic  and 
infusory  animalcules,  now  inhabiting  the  terraqueous  globe.  The  terres- 
trial plants  may  amount,  says  De  CandoUe,  to  somewhere  between  110,000 
and  120,000;*  but  the  data  on  which  this  conjecture  is  founded  are  con- 
sidered by  many  botanists  to  be  vague  and  unsatisfactoiy.  Sprengel  only 
enumerated,  in  1827,  about  31,000  known  phsenogamous,  and  6000 
cryptogamous  plants;  but  that  naturalist  omitted  many,  perhaps  7000 
phaenogamous,  and  1000  cryptogamous  species.  Mr.  Lindley,  in  a  letter 
to  the  author  in  1886,  expressed  his  opinion  that  it  would  be  rash  to 
speculate  on  the  existence  of  more  than  80,000  phsenogamous,  and  10,000 
ciyptogamous  plants.  "  If  we  take,"  he  says,  in  a  letter  to  the  author  on 
tliis  subject,  **  37,000  as  the  number  of  published  phaenogamous  species, 
and  then  add,  for  the  undiscovered  species  in  Asia  and  New  Holland, 
16,000,  in  Africa  10,000,  and  in  America  18,000,  we  have  80,000  spe- 
cies ;  and  if  7000  be  the  number  of  published  cryptogamous  plants,  and 
we  allow  3000  for  the  undiscovered  species  (making  10,000),  there  would 
then  be,  on  the  whole,  90,000  species."  But  since  that  period  one  cata- 
logue, as  I  learn  from  Dr.  J.  Hooker,  contains  a  list  of  the  names  of  78,000 
pluenogamous  plants  which  had  been  published  before  1 841. 

It  was  supposed  by  Linnaeus  that  there  were  four  or  five  species  of 
insects  in  the  world  for  each  phfenogamous  plant :  but  if  we  may  judge  from 
the  relative  proportion  of  the  two  classes  in  Great  Britain,  the  number  of 
insects  must  be  stiU  greater;  for  the  total  number  of  British  insects, 
^^  according  to  the  last  census,"  is  about  12,500  ;f  whereas  there  are  only 
1500  phsenogamous  plants  indigenous  to  our  island.  As  the  insects  are 
much  more  numerous  in  hot  countries  than  in  our  temperate  latitudes,  it 
seems  difficult  to  avoid  the  conclusion  that  there  are  more  than  half  a 
million  species  in  the  world. 

The  number  of  known  mammifera,  when  Temminck  wrote,  exceeded 
800,  and  Mr.  Waterhouse  informs  me  that  more  than  1200  are  now 
(1 850)  ascertained  to  exist.  Baron  Cuvier  estimated  the  amount  of  known 
fishes  at  6000;  and  Mr.  G.  Gray,  in  his  ^Genera  of  Birds,"  enumerates 
8000  species.  We  have  still  to  add  the  reptiles,  and  all  the  invertebrated 
animals,  exclusive  of  insects.  It  remains,  in  a  great  degree,  mere  matter 
of  conjecture  what  proportion  the  aquatic  tribes  may  bear  to  the  deni2enB 
of  the  land;  but  the  habitable  surfiice  beneath  the  waters  can  hardly  be 
estimated  at  less  than  double  that  of  the  continents  and  islands,  even 
admitting  that  a  very  consideraUe  area  is  destitute  of  life,  in  consequence 
of  great  depth,  cold,  darkness,  and  other  circumstances.  In  the  late  polar 
expedition  it  was  found  that,  in  some  regions,  as  in  Baffin's  Bay,  there 
were  marine  animab  inhabiting  the  bottom  at  great  depths,  where  the 
tenaiperature  of  the  water  was  below  the  freezing  point.    That  there  is 

*  Geoff.  des  FUntes.    Diet  des  Sci 
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life  at  much  greater  profnnditiet  in  warmer  regions  may  be  confidenti|y 
inferred. 

The  ocean  teems  with  life — ^the  class  of  Polypi  alone  are  ccmjediired 
bj  Liamarck  to  be  as  stnmg  in  indinduals  as  insects.  Every  tropical  reef 
is  described  as  covered  with  Corals  and  Sponges,  and  swarming  with 
Crustacea,  Echini,  and  Testaoea ;  while  almost  eveiy  tide-washed  rock  in 
the  world  is  caipeted  with  Fuel,  and  supports  some  CcMallines,  Acdms, 
and  Mollusca.  There  are  innumerable  forms  in  the  seas  of  the  warmer 
zones,  which  have  scarcely  begun  to  attract  the  attention  of  the  natmalist ; 
and  there  are  parasitic  animals  without  number,  three  or  lour  of  whidi 
are  sometimes  appropriated  to  one  genus,  as  to  the  whale  (jB'atoMi),  for 
example.  Even  though  we  concede,  therefore,  that  the  geographical  range 
of  marine  species  is  more  extensive  in  general  than  that  of  the  terrestrial  (the 
temperature  of  the  sea  being  more  uniform,  and  the  land  impeding  lesB 
the  migrations  of  the  oceanic  than  the  ocean  those  of  the  t^restrial  ape- 
cies),  yet  it  seems  probable  that  the  aquatic  tribes  fiir  exceed  in  nnmbo' 
the  inhabitants  of  the  land. 

"Without  insisting  on  this  point,  it  may  be  safe  to  asBume,  that,  exdu- 
sive  of  microscopic  beings,  there  are  between  one  and  two  millioos  of 
species  now  inhabiting  the  terraqueous  globe ;  so  that  if  only  one  of  these 
were  to  become  extinct  annually,  and  one  new  one  were  to  be  ev«y  year 
called  into  being,  much  more  than  a  million  of  years  might  be  required 
to  bring  about  a  complete  revolution  in  organic  life. 

I  am  not  hazarding  at  present  any  hypothesis  as  to  the  probable  rate 
of  change ;  but  none  will  deny  that  when  the  annual  birth  and  the  annmd 
death  of  one  species  on  the  globe  is  proposed  as  a  mere  speculation,  this 
at  least  is  to  imagine  no  slight  degree  of  instability  in  the  animate  <3eft- 
tion.  If  we  divide  the  surfece  of  the  earth  into  twenty  regions  of  eqwl 
area,  one  of  these  might  comprehend  a  space  of  land  and  water  about 
equal  in  dimensions  to  Europe,  and  might  contain  a  twentieth  part  of  the 
million  of  species  which  may  be  assumed  to  exist  in  the  animal  kingdom. 
In  this  region  one  species  only  would,  according  to  the  rate  of  mortality 
before  assumed,  perish  in  twenty  years,  or  only  five  out  of  fifty  thousand 
in  the  course  of  a  century.  But  as  a  considerable  proportion  oif  the  whole 
would  belong  to  the  aquatic  classes,  with  which  we  have  a  very  imperfect 
acquaintance,  we  must  exclude  them  from  our  consideration;  and  if  they 
constitute  half  of  the  entire  number,  then  one  species  only  might  be  hk 
in  forty  years  among  the  terrestrial  tribes.  Now  the  Mfttnmi^lift  whether 
terrestrial  or  aquatic,  bear  so  small  a  p^portion  to  other  classes  of  ani- 
nulls,  forming  less,  periiaps,  than  one  Uiousandth  part  of  the  whole,  that 
if  the  longevity  of  species  in  the  different  orders  were  equal,  a  vast  period 
must  elapse  before  it  would  come  to  the  turn  of  this  ocMispicuous  class  to 
lose  one  of  their  number.  K  one  species  only  of  the  whole  animal  king- 
dom died  out  in  ferty  years,  no  more  than  onemammifer  might  disappear 
in  40,000  years  in  a  region  of  the  dimensions  of  Europe. 

It  is  easy,  therefore,  to  see,  that  in  a  small  portion  of  such  an  ana, 
in  countries,  for  example,  of  the  size  of  England  and  Fiance,  periods  of 
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much  greater  duration  must  elapse  before  it  would  be  possible  to  authen* 
ticate  the  first  appearance  of  one  of  the  larger  plants  and  animak,  assum- 
ing the  annual  birth  and  death  of  one  species  to  be  the  rate  of  vicissi- 
tude in  the  animate  creation  throughout  the  world. 

The  observations  of  naturalists  upon  living  species  may,  in  the  course 
of  future  centuries,  accumulate  positive  data,  from  which  an  insight  into 
the  laws  which  govern  this  part  of  our  terrestrial  system  may  be  derived; 
but,  in  the  present  deficiency  of  historical  records,  we  have  traced  up  the 
subject  to  that  point  where  geological  monuments  alone  are  capable  of 
leading  us  on  to  the  discovery  of  ulterior  truths.  To  these,  therefore,  we 
must  appeal,  carefully  examining  the  strata  of  recent  formation  wherein 
the  remains  of  Uving  species,  both  animal  and  vegetable,  are  known  to 
occur.  "We  must  study  these  strata  in  strict  reference  to  their  chronologi- 
cal order,  as  deduced  from  their  superposition,  and  other  relations.  From 
these  sources  we  may  learn  which  of  the  species,  now  our  contemporaries, 
have  survived  the  greatest  revolutions  of  the  earth's  surface ;  which  of 
them  have  co-existed  with  the  greatest  number  of  animals  and  plants 
now  extinct ;  and  which  have  made  their  appearance  only  when  the  ani- 
mate world  had  nearly  attained  its  present  condition. 

From  such  data  we  may  be  enabled  to  infer,  whether  species  have  been 
called  into  existence  in  succession,  or  all  at  one  period ;  whether  singly, 
or  by  groups  simultaneously;  whether  the  antiquity  of  man  be  as  high 
as  that  of  any  of  the  inferior  beings  which  now  share  ihe  planet 
with  him,  or  whether  the  human  species  is  one  of  the  most  recent  of  the 
whole. 

To  some  of  these  questions  we  can  even  now  return  a  satisfactory 
answer ;  and  with  r^ard  to  the  rest,  we  have  some  data  to  guide  conjec- 
ture, and  to  enable  us  to  speculate  with  advantage :  but  in  order  to  be 
fully  qualified  to  enter  upon  such  discussions  the  reader  must  study  the 
ample  body  of  materials  amassed  by  the  industry  of  modem  geologbta. 
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or  THE  XARTH^fl   8URFACS. 

Kodifications  in  phyeical  geography  caused  by  organic  beings — ^Why  the  T^e> 
table  soil  does  not  augment  in  thickness— The  theory,  that  vegetation  is  an 
antagonist  power  coonterbalaneiag  the  dogradalioii  caused  by  mniiiBg  water 
untenable— <:)onserYatiTe  influeaoe  ol  vegetatioii—- Raia  dimtnishod  by  MUog 
of  forests— Distribution  of  Americaa  forests  dependent  on  direction  of  pvs- 
dominant  winds — ^Influence  of  man  in  modifying  the  physical  geography  of 
the  globe. 

The  Becond  branch  of  our  inquiry,  respecting  changes  of  the  organic 
world,  relates  to  the  processes  by  which  the  remains  of  animalft  and 
phints  become  fossil,  or,  to  speak  still  more  generally,  to  all  the  effects 
produced  by  the  powers  of  vitality  on  the  surface  and  shell  of  the 
earth. 

Before  entering  on  the  principal  division  of  this  subject^  the  imbeddiog 
and  preservation  of  anim^  and  vegetable  remains,  I  shall  offer  a  few  re- 
marks on  the  supeificial  modifications  caused  directly  by  the  agency  of 
organic  beings,  as  when  the  growth  of  certain  plants  covers  tlie  dope  of 
a  mountain  with  peat,  or  converts  a  swamp  into  dry  land ;  or  when  vege- 
tation prevents  the  soil,  in  certain  localities,  from  being  washed  away  by 
running  water. 

In  considering  alterations  of  this  kind,  brought  about  in  the  physical 
geography  of  particular  tracts,  we  are  too  apt  to  think  exclusively  of  that 
part  of  the  earth's  surface  which  has  emerged  from  beneath  the  waters, 
and  with  which  alone,  as  terrestrial  beings,  we  are  familiar.  Here  the 
direct  power  of  animals  and  plants  to  cause  any  important  variation  is, 
of  necessity,  very  limited,  except  in  checking  the  progress  of  that  decay 
of  which  tlie  land  is  the  chief  theatre.  But  if  we  extend  our  views,  and 
instead  of  contemplating  the  dry  land,  consider  that  larger  portion  which 
is  assigned  to  the  aquatic  tribes,  we  discover  the  great  influence  of  the 
living  creation,  in  imparting  varieties  of  conformation  to  the  solid  exterior 
which  the  agency  of  inanimate  causes  alone  could  not  produce. 

Thus,  when  timber  is  floated  into  the  sea,  it  is  often  drifted  to  vast 
distances,  and  subsides  in  spots  where  there  might  h^ve  been  no  deposit, 
at  that  time  and  place,  if  the  earth  had  not  been  tenanted  by  living 
beings.  I(  therefore,  in  the  course  of  ages,  a  hill  of  wood,  or  lignite, 
be  thus  formed  in  the  subaqueous  regions,  a  change  in  the  submarine 
geography  may  be  said  to  have  resulted  from  the  action  of  oiganio  pow- 
ers.   So  in  regard  to  the  growth  of  coral  ree&;  it  is  probable  that  a  lan^e 
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portion  of  the  matter  of  which  thej  are  composed  is  supplied  by  mineral 
springs,  which  often  rise  up  at  the  bottom  of  the  sea,  and  which,  on  land, 
abound  throughout  volcanic  regions  hundreds  of  leagues  in  extent  The 
matter  thus  constantly  ^ven  out  could  not  go  on  accumulating  for  ever 
m  the  waters,  but  would  be  precipitated  in  the  abysses  of  the  sea,  even 
if  there  were  no  polyps  and  testacea ;  but  these  animals  arrest  and  secrete 
the  carbonate  of  lime  on  the  summits  of  submarine  mountains,  imd  form 
reefe  many  hundred  feet  in  thickness,  and  hundreds  of  miles  in  length, 
where,  but  for  them,  none  might  ever  have  existed. 

Why  the  vegetable  soil  does  not  auyineTit  t'n  thickness. — ^If  no  such 
voluminous  masses  are  formed  on  the  land,  it  is  not  from  the  want  of 
solid  matter  in  the  structure  of  terrestrial  animals  and  plants ;  but  merely 
because,  as  I  have  so  often  stated,  the  continents  are  those  parts  of  the 
globe  where  accessions  of  matter  can  scarcely  ever  take  place — ^where, 
on  the  contrary,  the  most  solid  parts  already  formed  are,  each  in  their 
turn,  exposed  to  gradual  degradation.  The  quantity  of  timber  and 
vegetable  matter  which  grows  in  a  tropical  forest  in  the  course  of  a 
centuty  is  enormous,  and  multitudes  of  animal  skeletons  are  scattered 
there  during  the  same  period,  besides  innumerable  land  shells  and  other 
organic  substances.  The  aggregate  of  these  materials,  therefore,  might 
constitute  a  mass  greater  in  volume  than  that  which  is  produced  in  any 
coral-reef  daring  the  same  lapse  of  years ;  but,  although  this  process 
should  continue  on  the  land  for  ever,  no  mountains  of  wood  or  bone 
would  be  seen  stretching  far  and  wide  over  the  country,  or  pushing  out 
bold  promontories  into  the  sea.  The  whole  solid  mass  is  either  devoured 
by  animals,  or  decomposes,  as  does  a  portion  of  the  rock  and  soil  on 
which  the  animals  and  plants  are  supported. 

lie  waste  of  the  strata  themselves,  accompanied  by  the  decomposition 
of  their  organic  remains,  and  the  setting  free  of  their  alkaline  ingredients, 
is  one  source  from  whence  running  water  and  the  atmosphere  may  derive 
the  materials  which  are  absorbed  by  the  roots  and  leaves  of  plants. 
Another  source  is  the  passage  into  a  gaseous  form  of  even  the  hardest 
parts  of  animals  and  plants  which  die  and  putrefy  in  the  air,  where  they 
are  soon  resolved  into  the  elements  of  which  they  are  composed :  and 
while  a  portion  of  these  constituents  is  volatilized,  the  rest  is  taken  up 
by  rain-water,  and  sinks  into  the  earth,  or  flows  towards  the  sea ;  so  that 
they  enter  again  and  again  into  the  composition  of  different  organic 
beings. 

The  principal  elements  found  in  plants  are  hydrogen,  carbon,  and 
oxygen ;  so  that  water  and  the  atmosphere  contain  all  of  them,  either 
in  their  own  composition  or  in  solution.*  The  constant  supply  of 
these  elements  is  maintained  not  only  by  the  putre&ction  of  animal 
and  vegetable  substances,  and  the  decay  of  rocks,  but  also  by  the 
copious  evolution  of  carbonic  acid  and  other  gases  from  volcanoes  and 

•  Sm  some  good  remaika  on  the  Formation  of  Soili,  Bakewell's  Geology,  chap, 
xriii. 
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nuneral  sprii^  and  hj  the  effects  of  ordinaiy  erapoistioii,  irherely 
aqueous  vapors  are  made  to  rise  from  the  ooean».and  to  dxcidafte  roand 
the  globe. 

It  is  well  known,  that  when  two  gases  of  different  Bffid£c  gnmtj  ave 
brought  into  contact,  even  though  the  heavier  be  the  lowennoBty  they  aoon 
become  unifoimlj  diffused  by  mutual  absorption  through  the  whole  space 
which  they  occupy.  By  virtue  of  this  kw,  the  heavy  caibonic  acid  finds 
its  way  upwards  through  the  lighter  air  of  ie  atmoq>here,  and  oonveys 
nourishment  to  the  lichen  which  covers  the  mountain  top. 

If  the  quantity  of  food  consumed  by  tenestrial  animalfty  and  the 
elements  imbibed  by  the  roots  and  leaves  of  plants^  were  derived  enlirdy 
from  that  supply  of  hydrogen^  carbon,  oxygen,  nitrogen,  and  other 
elements,  given  out  into  the  atmosphere  and  the  waters  ly  the  pntres- 
cence  of  organic  substances,  then  we  might  imagine  that  Uie  ycgstaUe 
mould  would,  after  a  series  of  yeais,  neither  gain  nor  lose  a  sin^^  particle 
by  the  action  of  organic  beings ;  and  this  conclusion  is  not  &r  from  the 
truth;  but  the  operation  which  renovates  the  v^gelable  and  animal  mould 
is  by  no  means  so  simple  as  that  here  supposed.  Thousands  of  caresses 
of  teiTest^al  animals  are  floated. down,  eveiy  century,  into  the  sea;  and, 
together  with  forests  of  drift-timber^  are  imbedded  in  subaqueous  deposits^ 
where  their  elements  are  imprisoned  in  solid  strata,  and  may  them  remain 
locked  up  throughout  whole  geological  epochs  before  they  again  become 
itubservient  to  the  purposes  of  life. 

On  the  other  hsnd,  fresh  supplies  are  derived  by  the  atmosphere  and 
by  running  water,  as  before  stated,  from  the  disintegration  cf  rocb  and 
their  organic  contents,  and  through  the  agency  of  mineral  springs  from  the 
interior  of  the  earth,  from  whence  all  the  elements  before  mentioned,  which 
enter  principally  into  the  composition  of  animak  and  vegetables,  are  coa- 
tinually  evolved.  Even  nitrogoa  is  found,  by  chemistB^  to  be  ccmtaiaed 
very  generally  in  the  waters  of  mineral  springs. 

Veffetation  Tiot  an  antagonist  power  counierbdlaneinff  the  acinm  ^ 
rnxuMiag  water. — ^If  we  suppose  that  the  copious  supply  from  the  nether 
regions,  by  springs  and  volcanic  vents,  of  <»rbonio  acid  and  other  gases, 
together  with  the  decomposition  of  rodcs,  may  be  just  sufficient  to  coun- 
terbalance that  loss  of  matter  which,  having  already  served  for  the  nour- 
ishment of  animals  and  pLmts,  is  annually  carried  down  in  o^sniaed 
forms,  and  buried  in  subaqueous  strata,  we  concede  the  utmost  that  is 
consistent  with  probability.  An  opinion,  however,  has  been  expresMd, 
that  the  processes  of  vegetable  life,  by  absorbing  vsrious  gases  fbom  the 
atmosphere,  cause  so  hirge  a  mass  of  solid  matter  to .  accumulate  on 
the  surface  of  the  land,  that  this  mass  alone  may  eonstitute  a  great  coun- 
terpoise to.  all  the  matter  transported  to  lower  levels  hy  the  aqueous 
agents. of  decay.  "Torrents  and  rivers,^  it  is  said — ^ the. waves  of  the 
sea  and  marine  cunents-~act  upon  lines  only;  but  the  power  cf  vegeta- 
tion to  absorb  the  elastic  and  non-elastic  fluids  circulating  it>nnd  the 
earth,  extends  over  the  whole  surfrce  of  the  continents.  By  the  silent 
but  universsl  action  of  this  great  antagonist  power,  the  spoliation  and 
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watte  caused  by  nmiung  water  on  the  land,  and  by  the  movements  of  llie 
ocean,  are  aentralizedf  and  even  comiterbalanced."* 

In  opposition  to  these  views,  I  conceive  that  we  shall  form  a  juster 
estimate  of  the  influence  of  vegetation,  if  we  consider  it  as  being  in  a 
sfigfat  degree  conservative,  and  capable  of  retarding  the  waste  of  knd, 
bat  not  of  acting  as  an  antagonist  power.  The  vegetable  mould  is 
seldom  more  than  a  few  feet  in  thickness,  and  frequently  does  not  exceed 
a  few  inches ;  and  we  by  no  means  find  that  its  volume  is  more  consi- 
derable oh  those  parts  of  our  continents  which  we  can  prove,  by  geo- 
logical data,  to  have  been  elevated  at  more  ancient  periods,  and  where, 
amsequently,  there  has  been  the  greatest  time  for  the  accumulation  of 
ratable  matter,  produced  throughout  successive  zoological  epochs.  On 
the  contrary,  these  higher  and  older  regions  are  more  frequently  denuded, 
80  as  to  expose  the  bare  rock  to  the  action  of  the  sun  and  air. 

We  find  in  the  torrid  Eone,  where  the  growth  of  plants  is  most  rank 
and  luxurious,  that  accesnons  of  matter  due  to  their  agency  are  by  no 
means  the  most  conspicuous.  Indeed  it  is  in  these  latitudes,  where  the 
vegetation  is  most  active,  that,  for  reasons  to  be  explained  in  the  next 
dliapter,  even  those  sup^ficial  peat  mosses  are  unknown  which  cover  a 
large  area  in  some  parts  of  our  temperate  zone.  1£  the  operation  of 
animal  and  vegetable  life  could  restore  to  the  general  surface  of  the 
continents  a  portion  of  the  elements  of  those  disintegrated  rocks  of 
which  such  enormous  masses  are  swept  down  annually  into  the  sea,  the 
effects  would  long  ere  this  have  constituted  one  of  the  most  striking 
features  in  the  structure  and  composition  of  our  continents.  All  the 
great  steppes  and  table-lands  of  the  world,  where  the  action  of  running 
water  is  feeble,  would  have  become  the  grand  repositories  of  organic 
matter,  accumulated  without  that  intermixture  of  earthy  sediment 
which  so  generally  characterizes  the  subaqueous  strata. 

I  have  already  stated  that,  in  the  known  operation  of  the  igneom  causes, 
a  real  antagonist  power  is  fouod,  which  may  counterbalance  the  level- 
ling action  of  running  water  (p.  563) ;  and  there  seems  no  good  reason 
for  presuming  that  the  upheaving  and  depressing  force  of  earthquakes, 
together  with  the  ejection  of  matter  by  volcanoes,  may  not  be  fully  ade- 
quate to  restore  that  inequality  of  the  suiiace  which  rivers  and  the  waves 
and  currents  of  the  ocean  annually  tend  to  lessen.  If  a  counterpoise  be 
derived  from  this  source,  the  quantity  and  elevation  of  land  above  the 
sea  may  for  ever  remain  the  same,  in  spite  of  the  action  of  the  aqueous 
causes,  which,  if  thus  counteracted,  may  never  be  able  to  reduce  the 
surface  of  the  earth  more  nearly  to  a  state  of  equilibrium  than  that  which . 
it  has  now  attained ;  and,  on  the  other  hand,  the  force  of  the  aqueous 
agents  themselves  might  thus  continue  for  ever  unimpaired. 

C<m9ervaHv9  influence  of  vegetation. — If^  then,  vegetation  cannot  act 
as  an  antagonist  power  amid  the  mighty  agents  of  change  which  are 
always  modifying  the  surface  of  the  globe,  let  us  next  inquire  how  far 

•  See  Professor  Sedgwick's  Anniversary  Address  to  the  Geological  Society 
Vsb.  1881,  p.  34. 
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its  influence  is  conseiratiye, — ^how  &r  it  may  retard  ihe  lerelUngi 
of  running  water,  which  it  cannot  oppose,  mudi  leaa  coanteifaaliiiiea. 

It  is  well  known  that  a  covering  of  herbage  and  ahmbs  may  proCeet  a 
loose  soil  from  being  carried  away  by  rain,  or  even  by  ihe  ordinaiy 
action  of  a  river,  and  may  prevent  hills  of  loose  sand  from  being  hkvwB 
away  by  the  wind ;  for  liie  roots  bind  together  the  separate  particles 
into  a  firm  mass,  and  the  leaves  intercept  the  rain-water,  so  that  it  dries 
up  gradually,  instead  of  flowing  off  in  a  mass  and  with  great  velocily. 
The  old  Italian  hydrographers  make  frequent  mention  of  the  incraaaed 
degradation  which  has  followed  the  clearing  away  of  natural  woods  in 
several  parts  of  Italy.  A  remarkable  example  was  afforded  in  the 
Upper  Val  d'  Amo,  in  Tuscany,  on  the  removal  of  the  woods  dothiag 
the  steep  declivities  of  the  hills  by  which  that  valley  is  boanded. 
When  the  ancient  forest  laws  were  abolii^ed  by  the  Grand  D«ke  Jos^h, 
during  the  last  century,  a  considerable  tract  of  8ur£soe  in  the  Caasendna 
(the  Olausentinium  of  the  Romans)  was  denuded,  and  immediately  the 
quantity  of  sand  and  soil  washed  down  into  the  Amo 
mously.  Frisi,  alluding  to  such  occurrences,  observes,  that  i 
the  bushes  and  plants  were  removed,  the  waters  flowed  off  more  rapid- 
ly, and,  in  the  manner  of  floods,  swept  away  the  v^;etable  soiL* 

This  effect  of  vegetation  is  of  high  interest  to  the  geologist,  when  ha 
IS  considering  the  formation  of  those  vallep  which  have  been  ptwci- 
pally  due  to  the  action  of  rivers.  The  spaces  intervening  between  val- 
leys, whether  they  be  flat  or  ridgy,  when  covered  with  vegetation,  muf 
scarcely  undergo  the  slightest  waste,  as  the  sur&ce  may  be  protected  by 
the  green  sward  of  grass ;  and  this  may  be  renewed,  in  the  mamicr 
before  described,  from  elements  derived  from  rain-water  and  the  atmo- 
sphere. Hence,  while  the  river  is  continually  bearing  down  matter  in 
the  alluvial  plain,  and  undermining  the  clif&  on  each  side  of  every  valley, 
the  height  of  the  intervening  rising  grounds  may  remain  stationary. 

In  this  manner,  a  cone  of  loose  scoriae,  sand,  and  ashes,  such  as  Monte 
Nuovo,  may,  when  it  has  once  become  densely  clothed  with  herbage 
and  shrubs,  suffer  scarcely  any  further  dilapidation ;  and  the  perfect 
state  of  the  cones  of  hundreds  of  extinct  volcanoes  in  France,  the  Nea- 
politan territory,  Sicily,  and  elsewhere,  may  prove  nothing  whatever, 
either  as  to  their  relative  or  absolute  antiquity.  We  may  be  enabled 
to  infer,  from  the  integrity  of  such  conical  hills  of  incoherent  materials, 
that  no  flood  can  have  passed  over  the  countries  where  they  are  situated, 
since  their  formation ;  but  the  atmospheric  action  alone,  in  spots  where 
there  happen  to  bcr  no  torrents,  and  where  the  surface  was  clothed  with 
vegetation,  could  scarcely  in  any  lapse  of  ages  have  destroyed  them. 

During  a  tour  in  Spain,  in  1830, 1  was  surprised  to  see  a  district  of 
gently  undulating  ground  in  Catalonia,  consisting  of  red  and  gray  sand* 
itone,  and  in  some  parts  of  red  marl,  almost  ^itirely  denuded  of  herbage; 
while  the  roots  of  the  pines,  holm  oaks,  and  some  other  trees,  were  half 

*  IVsatise  on  Riven  and  Torrents,  p.  5.    Garston's  toimlstfcuHi 
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opoeed,  as  if  the  soil  had  been  washed  away  by  a  flood.  Such  is  tiie 
state  of  the  flneste,  for  example,  between  Oristo  and  Viehf  and  near  San 
Loienzo.  But,  being  overtaken  by  a  violent  thnnder-storm,  in  the  month 
of  August,  I  saw  the  whole  suifece,  even  the  highest  levels  of  some  flat- 
topped  hil]s,  str^ming  with  mud,  while  on  every  declivity  the  devasta- 
tion of  tonents  was  terrific  The  peculiarities  in  the  phyeiognomy  ci 
tiie  district  were  at  onoe  explained ;  and  I  was  taught  that,  in  speculating 
on  the  greater  efl^s  which  the  direct  action  of  rain  may  once  have  pio> 
duoed  on  the  snifiioe  of  certaiB  parts  of  England,  we  need  not  revert  to 
periods  whm  the  heat  of  the  climate  was  tropiaU, 

In  the  toirid  zone  the  d^radaition  of  land  is  generally  more  rajnd ; 
but  the  waste  is  by  no  means  proportioned  to  the  superior  quantity  of 
n^  or  the  suddenness  of  its  fiill,  tiie  transporting  power  of  water  being 
ooonteraoted  by  a  greats  luxuriance  of  vegetation.  A  geologist  who  is 
no  stranger  to  tropical  countries  observes,  that  the  softer  rocks  would 
iq>eedi]y  be  washed  away  in  such  regions,  if  the  numerous  roots  of  plants 
were  not  matted  together  in  such  a  maanar  as  to  produce  consideraUe 
resistance  to  the  destructive  power  of  the  rains.  The  parasitical  and 
creeping  plants  also  entwine  in  every  poesiUe  direction,  so  as  to  render 
the  forests  nearly  impervious,  and  the  trees  possess  forms  and  leaves  best 
calculated  to  shoot  off  the  heavy  rains ;  which,  when  they  have  thus 
been  broken  in  their  foil,  are  quickly  absorbed  by  the  ground  beneath, 
or,  when  thrown  into  the  drainage  depressions,  give  rise  to  furious 
torrents* 


Influence  of  Man  in  modifying  the  Physical  Geography  of  the 

Globe. 

Before  concluding  this  chapler,  I  shall  otfer  a  few  observations  on  the 
influence  of  man  in  modifying  the  physical  geography  of  the  globe ;  for 
we  must  class  his  agency  among  the  powers  of  organic  nature. 

Felling  of  forests, — The  felling  of  forests  has  been  attended,  in  many 
countries,  by  a  diminution  of  rain,  as  in  Barbadoes  and  Jamaica.f  For 
in  tropical  countries,  where  the  quantity  of  aqueous  vapor  in  the  atmo- 
sphere is  great,  but  where,  on  the  other  hand,  the  direct  rays  of  the  sun 
are  most  powerful,  any  impediment  to  the  free  circulation  of  air,  or  any 
screen  which  shades  the  earth  from  the  solar  rays,  becomes  a  source  of 
humidity ;  and  wherever  dampness  and  cold  have  begun  to  be  generated 
by  such  causes,  the  condensation  of  vapor  continues.  The  leaves,  more- 
over, of  all  plants  are  alembics,  and  some  of  those  in  the  torrid  zone  have 
the  remarkable  property  of  distilling  water,  thus  contributing  to  prevent 
the  earth  from. becoming  parched  up. 

Distrihution  of  the  American  forests, — ^There  can  be  no  doubt  then, 
that  the  state  of  the  clunate,  especially  the  humidity  of  the  atmosphere, 
influences  vegetation,  and  that,  in  its  turn,  vegetation  re-acts  up<m  the 

•  DelaB^MShe,  Geo!,  lian.,  p.  184,  M  ed.       f  FhiLlVttifli,  vol  !i  p.  191 
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dixDAte;  but  some  writers  seem  to  hare  altribqted  tootmnib  impoitaiiM 
to  the!  influence  of  foreilyi,  paiticulAilj  those  of  An8dca» » if  thej  wen 
the  primaiy  cause  ai  the  moistoie  of  the  olismie. 
.  The  theosry  of  a  modem  author  on  this  subjeet  ^  that  fiyrests  eoost  in 
those  parU  of  America  only  where  the  predovioant  winds  cany  with  them  a 
coDsid^able  quantity  of  moisture  from  the  ocean,''  seems  &r  more  ntiond. 
In  all  countries,  he  says,  "^  having  a  summer  heat  exeeediiig  70*,  the 
presence  or  absence  <^  natural  woods,  and  their  greater  or  lesslozmiaiioe^ 
may  be  taken  as  a  measure  of  the  amount  of  humidity,  and  of  the  ior- 
tility  of  the  soil  Short  and  heavy  rains  in  a  waim  countiy  will  produee 
grass,  wMoh,  having  its  roots  near  to  the  6urfiu)6,qNingsap  in  afewdaja, 
and  withers  when  the  moisture  is  exhausted;  but  traadtoiy  rains,  how- 
ever heavy,  will  not  nourish  trees;  because,  after  the  sai&oe  is  saturated, 
the  remainder  of  the  water  runs  off,  and  the  moisture  lodged  in  the  seii 
neither  sinks  deep  enotigh,  nor  is  in  sufScieDt  quantity,  to  funish  the 
j^ts  of  the  forests  with  the  necessary  susteiuuice.  It  may  be  assumed 
that  twenty  inches  of  rain  falling  moderatdy  or  at  intervals,  will  leave  a 
greater  permanent  supply  in  the  soil  than  forty  inches  fidiii^,  aa  it  some- 
times  does  in  the  torrid  zone,  in  as  many  houis,"* 

''In  all  regions,"  he  continues,  ^  where  ranges  <^  mountains  intevce|il 
the  course  of  the  constant  or  i»edominant  winds,  the  country  on  the 
windward  side  of  the  mountains  will  be  mdud;,  and  that  on  the  leeward 
dry ;  and  hence  parched  deserts  will  generally  be  found,  on  the  west  side 
of  countries  within  the  tropics,  and  on  the  east  side  of  those  beyond 
them,  the  prevailing  winds  in  these  cases  being  generally  in  opposite  di- 
rections. On  this  principle,  the  position  of  forests  in  North  and  Sooft 
America  may  be  explained.  Thus,  for  example,  in  the  region  within  the 
thirtieth  parallel,  the  moisture  swept  up  by  the  trade-wind  finom  the  At- 
lantic is  precipitated  in  part  upon  the  mountains  of  Brazil,  which  are  but 
low,  and  so  distributed  as  to  extend  far  into  the  interior.  The  portion 
which  remains  is  borne  westward,  and,  losing  a  little  aa  it  proceeds,  is 
at  length  arrested  by  the  Andes,  where  it  falls  down  in  showers  on  their 
summits.  The  aerial  current,  now  deprived  of  all  the  humidity  with 
which  it  can  part,  arrives  in  a  state  of  complete  exsiccation  at  Peru,  where 
consequently  no  rain  fidls.  But  in  the  r^on  of  America,  beyond  the 
thirtieth  parallel,  the  Andes  serve  as  a  screen  to  intercept  the  moisture 
brought  by  the  prevailing  winds  from  the  Pacific  Ocean  :  rains  are  copi- 
ous on  their  summits,  and  in  Chili  on  their  vMtern  declivities ;  but  none 
falls  on  the  plains  to  the  eastward^  except  occasionally  when  the  wind 
blows  from  the  Atlantic."! 

I  have  been  more  particular  in  explaining  these  views,  because  they 
appear  to  place  in  a  true  light  the  dependence  of  vegetation  6n  climate, 
the  humidity  being  increased,  and  more  uniformly  difiused  throughout 
the  year,  by  the  gradual  spreading  of  wood. 

*  Maclaren,  art.  Amerioa»  Encyo.  Britannica. 
^  f  Haclaren,  art.  America,  Encye.  Britannica,  where  the  position  of  the 
liean  foreeto^  in  accordance  with  this  theory,  is  laid  down  a  a  m^ 
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It  has  been  afSimed,  that  ^fijiYnerly,  when  France  and  England  ware 
oorered  with  wood,  Enrope  was  much  colder  than  at  present;  that  the 
winters  in  Italy  were  longer,  and  that  the  Seme,  and  many  other  rii^ers, 
froze  jnore  regularly  every  winter  than  now.  M.  Arago^  in  an  essay  on 
this  sabjecty  haa  endeavored  to  ahow,  hy  tablea  of  observationB  on  the 
congelation  of  the  Bhine,  Danube^  Rhone,  Po^  Seine,  and  oOateg  rivers,  at 
different  periods,  that  there  is  no  reason  to  believe  the  cold  to  have  been 
in  general  nx>re  intense  in  andant  times.*  He  admita,  however,  that  the 
dimate  of  Tnscany  haa  been  so  &r  modified,  by  the  removal  of  wood,  as 
that  the  winters  are  leas  ooU;  but  the  snmmers  also,  he  contends,  are 
less  hot  than  .of  old;  and  the  summers,  according  to  him,  were  fonnerly 
hotter  in  France  than  in  our  own  times.  His  evidence  is  derived  diiefly 
from  documents  showing  that  wine  was  made  three  centuries  ago  in 
the  Yivaiais  and  several  other  provinces,,  at  an  earlier  season,  at  greater 
eievations,  and  in  higher  latitudes,  than  are  now  found  auitable  to  the  vine. 

There  seems  little  doubt  that  in  the  Umted  States  ei  North  America 
the  n^d  cUaanang  of  the  country  has  rendered  the  winters  less  seveire  and 
the  summers  less  hot;  in  other  words,  the  esjaem%  tonperatures  df 
January  and  July  have  been  observed  from  year  to  year  to  approach 
somewhat  nearer  to  each  other.  Whether  in  this  case,  or  in  France,  the 
fMon  temperature  haa  been  raised,  seems  by  no  means  as  yet  decided; 
but  there  is  no  donbt  that  the  dimate  has  become,  as  Bitfon  would  have 
said,  *^less  excessive.'' 

I  have  before  shown,  when  treating  of  the  excavation  of  new  estuaries 
in  ^oIland  by  inroads  U  the  ocean,  as  also  of  the  changes  on  our.own 
Qpasts,  that  although  the  conversion  of  sea  into  land  by  artificial  labors 
may  be  great,  yet  it  must  alwiQW  be  in  subordination  to  the  power  of  the 
tides  and  currents,  or  to  the  great  movements  which  alter  the  relative 
level  of  the  land  and  sea,  (Chap.  XX.)  I^  in  addition  to  the  assistance 
obtained  by  parliamentary  grants  for  defending  Dunwich  fr^m  the  waves, 
all  the  resources  of  Europe  had  been  directed  to  the  same  end,  the  exist- 
ence of  that  port  might  perhapa  have  been  prol<Higed  for  several  centuries 
(p.  810.)  But  in  the  mean  time,  the  current  would  have  continued  to 
sweep  away  portions  from  the  adjoining  di^Ss  on  each  side,  giving  to  the 
whole  line  of  coast  its  present  form,  until  at  length  iih^  town,  projecting  as 
a  narrow  promontory,  must  have  become  exposed  to  the  irresistiUe  frvy 
of  the  waves. 

It  is  scarcely  necessary  to  observe,  that  the  control  which  man  can 
obtain  over  the  igneous  agents  is  less  even  than  that  which  he  may  exert 
over  the  a<|ueous.  He  cannot  modify  the  upheaving  or  depressing  force 
of  earthquakes,  or  the  periods  or  degree  of  viol^ce  of  volcanic  eruptions; 
and  on  these  causes  the  inequalities  of  the  earth's  sur&ce,  and,  conse- 
quently, the  shape  of  the  sea  and  land,  appear  mainly  to  depend.  The 
utmost  that  man  can  hope  to  effect  in  this  respect  is  occasionally  to 
divert  the  course  of  a  lavarstream,  and  to  prevent  the  burning  matter,  for 

*  Annnaire  da  Bvresn  des  Long.    1894 
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a  season,  from  OTerwhelmmg  a  city,  or  some  other  of  the  proudest  worfab 
of  human  industry. 

If  all  the  nations  of  the  earth  should  attempt  to  quany  away  tlie  lava 
which  flowed  during  one  eruption  from  the  Icelandic  volcanoes  in  1783, 
and  the  two  following  years,  and  should  attempt  to  consign  it  to  the 
deepest  abysses  of  ihQ  ocean,  they  might  toil  for  thousands  of  years  and 
not  accomplish  their  task.  Tet  the  matter  borne  down  to  the  sea  by  two 
great  rivers,  the  Ganges  and  Burrampooter,  in  each  quarter  <^  a  century, 
probably  equals  in  weight  and  volume  the  mass  of  Icelandic  lava  pro- 
duced by  that  great  eruption  (p.  282).  So  insignificant  is  the  aggregate 
force  exerted  by  man,  when  contrasted  with  the  or£naiy  operations  of 
aqueous  or  igneous  agents  in  the  natural  world. 

No  application,  perhaps,  of  human  skill  and  labor  tends  so  greatly  to 
vary  the  state  of  the  habitable  surfece,  as  tiiat  employed  in  the  drainage 
of  lakes  and  marshes,  nnce  not  only  the  statums  of  many  animals  and 
plants,  but  the  general  climate  of  a  district,  may  thus  be  modified.  It  is 
also  a  kind  of  alteration  to  which  it  isdifficult  to  find  anything  anakgoiB 
in  the  agency  of  inferior  beings;  for  we  ought  always,  before  we  decnfe 
that  any  part  of  the  influence  of  man  is  novel  and  anomalous,  careMly  tc 
consider  the  powers  of  all  other  animated  agents  which  may  be  limited 
or  superseded  by  him.*  Many  who  have  reas(med  on  these  subjects  seem 
to  have  forgotten  that  the  human  race  often  succeeds  to  the  discharge  of 
Actions  previously  fulfilled  by  other  species.  Suppose  the  growth  of  some 
:f  the  larger  terrestrial  plantii,  or,  in  other  words,  the  extent  of  forest,  to 
be  diminished  by  man,  and  the  dimate  to  be  thereby  modified,  it  does 
not  follow  that  this  kind  of  innovation  is  unprecedented.  It  is  a  change 
in  the  state  of  vegetation,  and  such  may  often  have  been  the  result  <^ 
the  appearance  of  new  species  upon  the  eartii.  Hie  multiplication,  for 
example,  of  certain  insects  in  parts  of  Germany,  during  the  last  oentmy, 
destroyed  more  trees  than  man,  perhaps,  could  have  felled  durii^  an 
equal  period. 

It  would  be  rash,  however,  to  affirm  that  the  power  of  man  to  modify 
the  surfiice  may  not  differ  in  kind  or  degree  f!t>m  that  of  other  liriag 
b^ngs ;  although  the  problem  is  certainly  more  complex  than  many 
who  have  speculated  on  such  topics  have  imagined.  If  land  be  raised 
from  the  sea,  the  greatest  alteration  in  its  physical  condition,  winch 
could  ever  arise  from  the  influence  of  organic  beings,  would  probably 
be  produced  by  the  first  immigration  of  terrestrial  plants,  whereby 
the  new  tract  would  become  covered  with  vegetation.  The  change 
next  in  importance  would  seem  to  be  when  animals  first  enter,  and 
modify  the  proportionate  numbers  of  certain  species  of  plants.  If  there 
be  any  anomaly  in  the  intervention  of  man,  in  farther  varying  the  rda- 

*  Since  this  was  written  I  have  seen  in  New  BruiBwibk  (1868)  a  lake  foimed 
by  beavers  who  had  thrown  a  dam,  oonsuting  of  stakei»  etonee,  and  mad,  aert» 
the  eonne  of  a  small  streamlet^  between  Dorchester  and  the  Portage  south  of  the 
Petieodiao  river.  The  beavers  have  since  been  extirpated  by  man,  but  tiie 
lake  remains,  and  mask  rats  have  taken  possession  of  the  shallow  pwts  of  the 
i>Ve  to  baild  their  habitations  in  Uiem. 
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tiT6  numbera  in  the  TegetaMe  Idngdom,  it  may  not  bo  much  consist  in 
the  kind  or  absolute  quantity  of  alteration,  as  in  the  circumstance  that 
a  single  spedeB^  in  this  case,  would  6zert|  hj  its  superior  power  and  uni- 
yersal  distribution,  an  influence  equal  to  that  of  hundreds  of  other  ter- 
restrial animals. 

If  we  inquire  whether  man,  by  his  direct  power,  or  by  the  changes 
which  he  may  give  rise  to  indirectly,  tends,  upon  the  whole,  to  lessen  or 
increase  the  inequalities  of  the  earth's  surface,  we  shall  incline,  perhaps, 
to  the  opinion  Uiat  he  is  a  levelling  agent  In  mining  operations  he 
conveys  upwards  a  certain  quantity  of  materials  from  the  bowels  of  the 
earth ;  but,  on  the  other  hand,  much  rock  is  taken  annually  from  the 
land,  in  the  shape  of  ballast,  and  afterwards  thrown  into  the  sea,  and 
by  this  means,  in  spite  of  prohibitory  laws,  many  harbors,  in  various 
parts  of  the  world,  have  been  blocked  up.  We  rarely  transport  heavy 
materials  to  higher  levels,  and  our  pyramids  and  cities  are  chiefly  eon- 
stmcted  of  stone  brought  down  from  more  elevated  situations.  By 
ploughiog  up  thousands  of  square  miles,  and  exposing  a  surface  for 
part  of  the  year  to  the  action  of  the  elements,'we  assist  the  abrading 
loroe  of  rain,  and  diminish  the  conservative  efleots  of  vegetation. 


GHAFTEB  XLV. 

nroLOfliKO  or  vossilb  in  pkat,  bbowk  sxvDy  jliid  toloahio 
KJxonoirs. 


T)ivinon  of  th«  labjeot — ^Imbedding  of  orgftnio  nmains  in  deposits  oil  < 
land— Orowth  of  peat — Site  of  ancient  forests  in  Europe  now  oceopied  hf 
peat — ^Bog  iron-ore — ^Preserration  of  animal  substances  in  peat — ^Miring  of 
qiiadniped»— Bmsdng  of  Hhe  Solway  moss— Ot«*t  Dismal  Siramp— Imbed- 
ding  of  orgaaie  bodies  snd  hxuMDL  vemssnsift  Uowu  •aiid'^'lioTii^;  saadsef 
African  deserts — ^De  Lno  on  their  reeent  origin — ^Buried  temple  of  l^aanM 
—Dried  carcases  in  the  sand*— Towns  orerwhelmed  by  sand-floods— Imbed- 
ding of  organic  and  other  remains  in  Tolcanie  formations  on  the  land. 

Divuhn  of  ih4  tubfect, — T^  next  sabjeet  of  inquiry  is  the  mode  in 
which  the  mnainft  of  animalB  and  plants  become  fossil,  or  xxb  bmicd 
in  the  earth  by  natural  causes.  M.  Constant  Plrerost  has  obserred, 
that  the  effiscts  of  geoli^cal  canses  are  drrisible  into  two  great  e&oses ; 
tho6e  produced  during  the  submersion  of  land  beneath  the  waters, 
and  those  which  take  place  after  its  emersion.  Agreeably  to  this  dass- 
fication,  I  shall  consider,  first,  in  what  manner  animal  and  regetable 
remains  become  included  and  preserved  in  deposits  on  emerged  land,  or 
that  part  of  the  surface  which  is  not  permanently  covered  by  water, 
whether  of  seas  or  lakes ;  secondly,  the  manner  in  which  oiganic  remains 
beoome  imbedded  in  subaqueous  deposits. 

Under  the  first  division,  I  shall  treat  of  the  following  topics : — Ist^  the 
growth  of  peat,  and  the  preservation  of  vegetable  and  animal  remains 
therein ; — 2d]y,  the  burying  of  organic  remains  in  blown  sand ; — Sdly, 
of  the  same  in  the  ejections  and  alluviums  of  volcanoes ;— 4th]y,  in 
alluviums  generally,  and  in  the  ruins  of  landslips ; — 5thly,  in  the  mud 
and  stalagmite  of  caves  and  fissures. 

Chrowih  of  Peaty  and  Freservation  of  Vegetable  and  Aninud  JRemame 

therein. 

The  generation  of  peat,  when  not  completely  under  water,  is  confined 
to  moist  situations^  where  the  temperature  is  low,  and  where  vegetables 
may  decompose  without  putrefying.  It  may  consist  of  any  of  the 
numerous  plants  which  are  capable  of  growing  in  such  etatimu  ;  Imk  a 
species  of  moss  (Sphagnum)  constitutes  a  considerable  pait  of  the  peat 
found  in  marshes  of  the  north  of  Europe ;  this  plant  having  the  pro* 
perty  of  throwing  up  new  shoots  in  its  upper  part,  while  its  lower 
extremities  are  decaying.*  Reeds,  rushes,  and  other  aquatic  plaats 
may  usually  be  traced  in  peat ;  and  their  oiganiaation  is  c^n  so  entire 
that  there  is  no  difficulty  in  discriminating  the  distinct  species. 

*  For  a  catalogae  of  plants  which  form  pea^  see  Rev.  Dr.  Ronnie's  Shsays  os 
Peat,  pw  171 ;  and  Dr.  MaeCulloch's  Western  Isles^  vol  i  p.  129. 
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Anal^  of  iMst-^In  genera]^  says  Sir  H.  Da^y  one  biudred  parts 
of  dry  peat  contain  from  sixty  to  siDety<-nine  parts  of  matter  destructi- 
ble by  fire ;  and  the  residnnm  oonsiitB  of  .eartibs  usually  of  tbe  same 
kind  SB  tbe  substratum  of  day,  mari,  gtayel,  or  rock,  on  whicb  tbey  are 
found,  together  with  oxide  ef  iron*  ^The  peat  of  the  ehalk  counties 
of  England,"  observes  the  same  writer,  *^  contains  much  gypsum :  but  I 
hare  found  very  little  in  any  specimens  from  Irehind  or  Scotland,  and 
in  general  these  peats  contain  very  little  saline  matter"*  From  the 
researches  of  Dr.  MacCulloch,  it  appears  that  peat  is  intermediate 
between  simple  vegetable  noatter  and  lignite,  the  conversion  of  peat  to 
lignite  being  gradual,  and  being  brought  about  by  a  prolonged  action 
ofwater.f 

Peat  abundant  in  cold  and  humid  dimates. — ^Peat  is  sometimes 
formed  on  a  declivity  in  mountainous  regions,  where  there  is  much 
moisture ;  but  in  such  situations  it  rarely,  if  ever,  exceeds  four  feet  in 
thickness.  In  bogs,  and  in  low  grounds  into  which  alluvial  peat  is 
drifted,  it  is  found  forty  feet  thick,  and  upwards ;  but  in  such  cases  it 
generally  owes  one  halt  of  its  volume  to  the  water  which  it  contains. 
It  has  seldom,  if  ever,  been  disoovered  within  the  tropics ;  and  it  rarely 
occurs  in  the  valleys^  even  in  tbe  south  cf  France  and  Bpain.  It 
abounds  more  and  more,  in  proportion  as  we  advance  farther  from  the 
equator,  and  becomes  not  only  more  frequent  but  more  inflammable  in 
northern  latitudes.^ 

The  same  phenomenon  is  repeated  in  the  southern  hemisphere.  No 
peat  is  found  in  Brazil,  nor  even  in  tiie  swampy  parts  of  the  countiy 
dramed  by  the  La  Plata  on  the  east  side  of  Sootli  America,  or  in  the 
island  of  Chiloe  on  the  west;  yet  when  we  reach  the  45th  degree  of 
latitude  and  examine  the  Obonos  Archipelago  or  the  Falkland  Islands, 
and  Tierra  del  Fuego,  we  meet  with  an  abundant  growth  of  this  sub- 
stance. Almost  all  plants  contribute  here  by  their  decay  to  the  pro- 
duction of  peat,  even  the  grasses ;  but  it  is  a  singular  &ct,  says  Mr. 
Darwin,  as  contrasted  with  what  occurs  in  Europe,  that  no  kbd  of 
moss  enters  into  the  composition  of  the  South  American  peat>  whidi 
is  formed  by  many  plants,  but  chiefly  by  that  called  by  Brown  Asielia 
putnila.% 

I  learn  from  Dr.  Forchhammer  (1849)  that  Water  charged  with  vege- 
table matter  in  solution  does  not  throw  down  a  deposit  of  peat  in 
countries  where  the  mean  temperature  of  the  year  is  above  4S^  or  44<* 
Fahrenheit  Frost  causes  the  precipitation  of  such  peaty  matter,  but 
in  warm  dimates  the  attracti<m  of  the  carbon  for  the  oxygen  of  the  air 
mechanically  mixed  with  the  water  increases  with  the  increasing  tem- 
perature, and  tiie  dissolved  vegetable  matter  or  humio  acid  (which  is 
OTganic  nuitter  in  a  prc^esstve  state  of  decomposition)  being  converted 
into  carbonic  add,  rnea  and  is  absorbed  into  the  atmosphere,  and  thus 
disappeai:s. 

•  Iriah  Bog  RepoTt«»  p.  209.  \  SyeUm  of  Geology,  vol.  ii  p.  858. 

^  Rev.  Dr.  Rennio  on  Peat^  p.  260.    g  Darwin's  Jounuj;  P>  349. ;  Sd  od.  p  287 
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McteiU  o/$tirfiu»to9ertd  bjf  /Mi.— Tkete  is  a  vni  extent  of  su&oe 
in  Eoiope  ooTered  with  peat,  whidi,  in  Irebmd,  is  said  ta  extend  over  s 
tenth  of  the  wbxAe  island.  One  of  the  mosses  cm  the  Shnanon  b 
described  as  being  fifty  miles  long^  bj  two  or  three  broad ;  «nd  the  great 
marsh  of  Montoire,  near  the  mouUt  of  the  Loire,  is  mentioned,  bj 
Blavier,  as  being  more  than  fifty  leagues  in  cironm^wence.  It  is  n 
curious  and  well-ascertained  tact,  that  man  j  of  these  mosses  of  the  notlh 
of  Europe  occupy  the  place  of  forests  of  pbie  and  osJe,  which  have,  many 
of  them,  disappeared  within  the  historical  era.  Such  chaises  are 
brought  about  by  the  fiill  of  trees  and  the  stagnation  of  water,  caosed 
by  their  trunks  and  branches  obstructing  the  free  drainage  of  the 
atmospheric  waters,  and  giving  rise  to  a  marsh.  In  a  warm  dimate, 
such  decayed  timber  would  immediately  be  remoi^  by  insects,  or  by 
putre£aotion ;  but,  in  the  cold  temperature  now  prsvailing  in  our 
latitudes,  many  examples  are  recorded  of  marshes  originating  in  thk 
source.  Thus,  in  Mar  forest,  in  Aberdeenshire,  large  trunks  of  Scotch 
fir,  which  had  fallen  from  age  and  decay,  were  soon  immured  in  pea^ 
formed  partly  out  of  their  perishing  leaves  and  branches,  and  in  part 
from  the  growth  of  other  plants.  We  also  learn,  that  the  overthrow  of 
a  forest  by  a  storm,  about  the  middle  of  the  seventeenth  century,  gave 
rise  to  a  peat-moss  near  Lochbroom,  in  Roes-shire,  where,  in  less  than 
half  a  century  after  the  fall  of  the  trees,  tbe  {nhabitauts  dug  peat*  Dr. 
Walker  mentions  a  similar  change,  when,  in  the  year  1756,  the  whole 
wood  of  Dmrolaurig  in  Dumfries-shire  was  overset  by  the  wind.  Such 
events  explain  the  occurrence,  both  in  Britain  and  on  the  Continent,  of 
mosses  where  the  trees  are  all  broken  within  two.  or  three  feet  of  the 
original  sur&ce,  and  where  their  trunks  all  lie  in  the  same  direct]on.t 

It  may  however  be  suggested  in  these  cases,  that  the  soil  had  become 
exhansted  for  trees,  and  that,  on  the  principle  of  that  natund  rotation 
which  prevails  in  the  vegetable  world,  one  set  of  plants  died  out  and 
another  succeeded.  It  is  certainly  a  remarkable  fact  that  in  the 
Danish  islands,  and  in  Jutland  and  Holstein,  fir  wood  of  various  species, 
especially  Scotch  fir,  is  found  at  the  bottom  of  the  peat-mosses,  althougifi 
it  is  well  ascertained  that  for  the  last  five  centuries  no  Conifers  have 
grown  wild  in  these  countries ;  the  coniferous  trees  which  now  fioariah 
there  having  been  all  planted  towards  the  close  of  the  last  century. 

Nothing  is  more  common  than  the  occurrence  of  buried  trees  at  the 
bottom  of  the  Irish  peat-mosses,  as  also  in  most  of  those  of  England, 
France,  and  Holland;  and  they  have  been  so  often  observed  with  parts 
of  their  trunks  standing  erect,  and  with  their  roots  fixed  to  the  subset!, 
that  no  doubt  can  be  entertained  of  their  having  generally  grown  on 
the  spot  They  consist,  for  the  most  part,  of  the  fir,  the  oak,  and  the 
birch :  where  the  subsoil  is  clay,  the  remains  of  oak  are  Ae  most  abun- 
dant; where  sand  is  tlie  substratum,  fir  prevails.  In  the  marsh  of 
Curragh,  in  the  Isle  of  Man,  vast  trees  are  discovered  standing  firm  on 

*  fiennio's  EasayB  on  Peaf^  p.  65.  f  Ibid  p.  sa 
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ih«r  lootey.tlioiBgli  at  the  depth  of  ei^teen  or  tirenty  feet  below  the 
Bin&ca.  Somenatunlifits  hftve  desired  to  refer  the  imbedding  of  timb^ 
ift  peat-mosaea  to  acfaeoua  tranBporlatioD,  since  riven  are  well  known 
to  float  wood  into  lakea;  but  the  ftcta  above  mentioned  show  that,  in 
nmnerous  instances,  soeh  an  hypothesia  is  inadmissible.  It  has,  more* 
oyer,  been  observed,  that  in  Seodand,.a8  also  in  manj  parts  of  the  Con- 
tinent^ the  largest  trees  are  found  in  those  peat-mosses  which  lie  in  the 
least  elevated  regions,  and  that  the  trees  are  proportionally  smaller  in 
those  which  lie  at  higher  levela;  from  which  fact  De  Luc  and  Walker 
have  both  inferred  that  the  trees  grew  on  the  spot,  for  they  would 
naturally  attain  a  greater  size  in  lower  and  warmer  levels.  The  leaves, 
also,  and  fruits  of  each  species,  are  eontinualiy  found  immersed  in  the 
moss  along  with  the  pacrait  trees ;  as,  lor  example,  the  leaves  and  acorns 
of  the  oak,  the  cones  and  leaves  of  the  fir,  and  the  nuts  of  the  hazel. 

Beemt  origin  of  so/me  peat-mouea. — ^In  Hatfield  moss,  in  Yorkshire, 
which  appears  clearly  to  have  been  a  forest  eighteen  hundred  years 
ago,  fir^rees  have  been  found  ninety  feet  long,  and  sold  for  mastB  and 
keels  of  ships ;  oaka  have  also  been  dtacovered  there  above  one  hundred 
feet  long.  The  dimensions  of  an  oak  from  this  moss  are  given  in  the 
Philosophical  Transactions,  Na  275,  which  must  have  been  krger  than 
any  tree  now  existing  in  the  British  dominions. 

In  the  same  moss  of  Hatfiekl,  as  well  as  in  that  of  Kincardine,  in 
Scotland,  and  several  others,  Boman  roads  have  been  found  covered  to  the 
depth  of  eight  feet  by  peat.  All  the  coins,  axes,  arms,  and  other  uten- 
sils found  in  British  and  French  m(M»es,  are  also  Roman ;  so  that  a 
considerable  portion.of  the  peat  in  European  peat-bogs  is  evidently  not 
more  ancient  than  the  age  of  Julius  Gsesivr.  Nor  can  any  vestiges  of 
the  ancient  forests  described  by  that  general,  along  the  line  of  the  great 
Roman  way  in  Britain,  be  discovered,  except  in  the  ruined  trunks  of 
trees  in  peat 

De  Luc  ascertained  that  the  very  sites  of  the  aboriginal  forests  of  Her- 
oinia,  Seinana,  Ardennes,  and  several  others,  are  now  occupied  by  mosses 
and  fens ;  and  a  great  part  of  these  changes  have,  with  much  probability, 
been  attributed  to  the  strict  orders  given  by  Severus,  and  other  emperors, 
to  destroy  all  the  wood  in  the  conquered  provinces.  Several  of  the 
British  forests,  however,  which  are  now  mosses,  were  cut  at  different 
periods,  by  order  of  the  English  pariiament,  because  they  harbored  wolves 
or  outlaws.  Thus  the  Welsh  woods  werecut  and  burned,  in  the  reign 
of  Edward  L ;  as  were  many  of  those  in  Ireknd,  by  Henry  H.,  to  pre- 
vent the  nadves  firom  harboring  in  them,  and  harassing  his  troops. 

It  is  curious  to  reflect  that  considerable  tracts  have,  by  these  acci- 
dents, been  permanently  sterilized,  and  that,  during  a  period  when  civi- 
lization has  been  making  great  prepress,  large  areas  in  Europe  have,  by 
human  agency,  been  rendered  less  capable  of  administering  to  the 
wants  of  man.    Bennie  observes,*  with  truth,  that  in  those  regions 

*  EfliayB  on  Peat,  Ac,  p.  14^ 
4(1 
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alone  which  the  Ronun  eagle  never  reached — ^in  the  remote  cirdes  a 
the  German  empire,  in  Poland  and  Prussia,  and  still  more  in  Norway 
Sweden,  and  the  vast  empire  of  Russia — can  we  see  what  Europe  was 
before  it  yielded  to  the  power  of  Rome.  Desolation  now  reigns  where 
stately  forests  of  pine  and  oak  once  flourished,  such  as  might  now  have 
supplied  all  the  navies  of  Europe  with  timber. 

Sources  of  bog  iron-ore. — At  the   bottom  of  peatrmosses  theie  is 

sometimes  found  a  cake,  or  ^  pan,"   as  it  is  termed,  of  oxide  of  iron, 

and  the  frequency  of  bog  iron-ore  is  familiar  to  the  mineralogisL    The 

oak,  which  is  so  often  dyed  black  in  peat,  owes  its  color  to  the  same 

metal.     From  what  source  the  iron  is  derived  has  often  been  a  subject 

of  discussion,  until  the  discoveries  of  Ehrenbeig  seem  at  length  to 

have  removed  the  difficulty.    He  had  observed  in  the  marshes  about 

Berlin  a  substance  of  a  deep  ochre  yellow  passing  into  red,  which 

covered  the  bottom  of  the  ditches,  and  which,  where  it  had  become  dry 

after  the  evaporation  of  the  water,  appeared  exactly 

Fig.  101.  lii^Q  oxide  of  iron.    But  under  the  microscope  it  iras 

^^t^     •         found  to  consist  of  slender  articulated   threads  or 

y"^>*^^^j^izzBlgr  P^^^  partly  siliceous  and  partly  ferruginous,  of 

VHMHMHHHb  what  he  considered  an  animalcule,  GaiUoi^lafer- 

QMtun$U4t  ftrrugituu,   ruffinea^  but  which  most  naturalists  now  r^ard  as 

..  sooo  tim..  maffBifi.    ^  pj^^^^*    ^hcrc  cau  be  litUe  doubt,  therefore,  tiiat 

bog  iron-ore  consists  of  an  aggregate  of  millions  of  these  organic  bodies 

invisible  to  the  naked  eycf 

Preservatum  of  animal  eubstaneee  in  peat. — One  interesting  drenm- 
stance  attending  the  history  of  peat  mosses  is  the  high  state  of  preser- 
vation of  animal  substances  buried  in  them  for  periods  of  many  years. 
In  June,  1747,  the  body  of  a  woman  was  found  six  feet  deep,  in  a  peat- 
moor  in  the  Isle  of  Axholm,  in  Lincolndbire.  The  antique  sandals  oa 
her  feet  afforded  evidence  of  her  having  been  buned  there  for  many  ages: 
yet  her  nails,  hair,  and  skin,  are  described  as  having  shown  hardly  any 
marks  of  decay.  On  the  estate  of  the  Earl  of  Moira,  in  Ireland,  a  human 
body  was  dug  up,  a  foot  deep  in  gravel,  covered  with  eleven  feet  of 
mosp ;  the  body  was  completely  clothed  and  the  garments  seemed  all  to 
be  made  of  hair.  Before  the  use  <^  wool  was  known  in  that  country 
the  clothing  of  the  inhabitants  was  made  of  hair,  so  that  it  would  appear 
that  this  body  had  been  buried  at  that  early  period ;  yet  it  was  fre^  and 
unimpaired.^  In  the  Philosophical  Transactions  we  find  an  example 
recorded  of  the  bodies  of  two  personsF  having  been  buried  in  moist  peat, 
in  Derbyshire,  in  1674,  about  a  yard  deep,  which  were  examined  twenty- 
eight  years  and  nine  months  afterwards ;  ^  the  color  of  their  skin  was 
£ur  and  natural,  their  flesh  soft  as  that  of  persons  newly  dead."§ 
Among  other  analogous  facta  we  may  mention,  that  in  digging  a  pH 

*  See  above,  p.  888,  note. 

f  Ehrenber^,  Taylor^s  Scientific  Mem.  voL  i  part  iii  p.  402. 

I  Dr.  Renme^  on  Peat^  p.  521 ;  where  several  other  instances  are  referred  Ml 

S  PhiL  TranB.,  vol  zzrniL  1784. 
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for  a  well  near  Dulverton,  in  Somersetshire,  many  pigs  were  found  in 
various  postures,  still  entire.  Their  shape  was  well  preserved,  the  skin, 
which  retained  the  hair,  having  assumed  a  dry,  memhranous  appearance. 
Their  whole  substance  was  converted  into  a  white,  fiiable,  laminated, 
inodorous,  and  tasteless  substance;  but  which,  when  exposed  to  heat^ 
emitted  an  odor  precisely  similar  to  broiled  bacon.* 

Cause  of  the  antiseptic  property  of  peat. — ^We  naturally  ask  whence 
peat  derives  this  antiseptic  property  ?  It  has  been  attributed  by  some  to 
the  carbonic  and  gaUic  acids  whidi  issue  (rom  decayed  wood,  as  also  to 
the  presence  of  charred  wood  in  the  lowest  strata  of  many  peat-mosses, 
for  charcoal  is  a  powerful  antiseptic,  and  capable  of  purifying  water 
already  putrid.  Vegetable  gums  and  resins  also  may  operate  in  the 
same  way.f 

The  tannin  occasionally  present  in  peat  is  the  produce,  says  Dr.  Mac- 
Culloch,  of  tormentilla,  and  some  other  plants ;  but  the  quantity  he 
thinks  too  smaU,  and  its  occurrence  too  casual,  to  give  rise  to  effects  of 
any  importance.  He  hints  that  the  soft  parts  of  animal  bodies,  preserved 
in  peat-bogs,  may  have  been  converted  into  adipodre  by  the  action  of 
water  merely ;  an  explanation  which  appears  clearly  applicable  to  som^e 
of  the  eases  above  enumerated.^ 

Miring  of  quadrupeds, — ^The  manner,  however,  in  which  peat 'con- 
tributes to  preserve,  for  indefinite  periods,  the  harder  parts  of  terrestrial 
animals,  is  a  subject  of  more  immediate  interest  to  the  geolog^t  There 
are  two  ways  in  which  animals  become  occasionally  buried  in  the  peat 
of  marshy  grounds ;  they  either  sink  down  into  the  semifluid  mud,  un- 
derlying a  turfy  surface  upon  which  they  have  rashly  ventured,  or,  at 
other  times,  as  we  shall  see  in  the  sequel,  a  bog  '*  bursts,''  and  animals 
may  be  involved  in  the  peaty  alluvium. 

Li  the  extensive  bogs  of  Newfoundland,  cattle  are  sometimes  found 
buried  with  only  their  heads  and  necks  above  ground ;  and  after  having 
remained  for  days  in  this  situation,  they  have  been  drawn  out  by  ropes 
and  saved.  In  Scotland,  also,  cattle  venturing  on  the  ^  quaking  moss" 
are  often  mired,  or  "  laired,"  as  it  is  termed ;  and  in  Ireland,  Mr.  King 
asserts  that  the  number  of  cattle  which  are  lost  in  sloughs  is  quite 
incredible.§ 

Solway  moss, — ^The  description  given  of  the  Solway  moss  will  serve 
to  illustrate  the  general  character  of  these  boggy  grounds.  That  moss, 
observes  Gilpin,  is  a  flat  area,  about  seven  miles  in  circumference,  situated 
on  the  western  confines  of  England  and  Scotland.  Its  suHace  is  covered 
with  grass  and  rushes,  presenting  a  dry  crust  and  a  fair  appearance ; 
but  it  shakes  under  the  least  pressure,  the  bottom  being  unsound  and 
semifluid.  The  adventurous  passenger,  therefore,  who  sometunes  in  dry 
seasons  travenes  this  perilous  waste,  to  save  a  few  miles,  picks  his  cautious 
way  over  the  rushy  tossoeks  as  they  appear  before  him,  for  here  the  soil 

♦  Dr.  Rennie,  on  Peat>  Ac,  p.  521.         t  Syst  of  Geol  voL  ii.  pp.  840— 84e. 
f  Ibid.  p.  58L  S  PM.  TVana.  toL  xv.  p.  949. 
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is  finnest.    If  his  foot  slip,  (ht  if  lie  venture  to  dee^  this  miffk  oC  aeca 
ritj,  it  is  possible  he  may  never  more  be  heaid  cL 

<' At  the  baUle  of  Solwaj,  in  the  time  of  Heniy  YIH  (1542),  when 
the  Sootch  anny,  conmianded  bj  Oliver  Sindair,  vas  routed,  an  nnlbita- 
nate  troop  of  horse,  driven  by  their  fears,  plunged  into  this  morass,  which 
instantly  closed  upon  them.  The  tal^  vas  traditional)  but  it  is  now 
authenticated;  a  man  and  horse,  in  complete  armor,  having  been 
found  by  peat-diggers,  in  the  place  where  it  was  always  supposed  the 
affair  had  happened.  The  skeleton  of  each  was  well  preserved,  and  the 
different  parts  of  the  armor  easily  distinguished."* 

The  same  moss,  on  the  16th  of  December,  1772,  having  been  filled 
like  a  great  sponge  with  water  during  heavy  rains,  swelled  to  an  uBiii&iial 
height  above  the  surrounding  country,  and  then  burst  The  tuify  oovei^ 
ing  seemed  for  a  time  to  act  like  the  skin  of  a  bladder  retaining  the 
fluid  within,  till  it  forced  a  passage  for  itseU^  when  a  stream  of  Uack 
half-consolidated  mud  began  at  first  to  creep  over  the  plain,  res^inblin^ 
in  the  rate  of  its  progress,  an  ordinary  lava-^^unenU  No  lives  weie  losti 
but  the.  deluge  totally  overwhelmed  some  cottages,  and  covered  400  aerea. 
The  highest  parts  of  the  ori^nal  moss  subsided  to  the  depth  of  about 
twenty-five  feet ;  and  the  height  of  the  moss,  on  the  lowest  paita  ef  the 
country  which  it  invaded,  was  at  least  fifteen  feet 

Bursting  of  a  peat-moss  in  Ireland. — ^A  recent  inundation  in  SLjgo 
(January,  1831),  affords  another  example  of  this  phenomenon.  After  a 
sudden  thaw  of  snow,  the  hog  between  Bloomfield  and  Geevah  gave  way ; 
and  a  black  deluge,  carrying  with  it  the  contents  of  a  hundred  acres  of 
bog,  took  the  direction  of  a  small  stream  and  rolled  on  with  the  violence 
of  a  torrent,  sweeping  along  heath,  timber,  mud,  and  stones,  and  over- 
whelming many  meadows  and  arable  land.  On  passing  through  some 
boggy  land,  the  flood  swept  out  a  wide  and  deep  ravine,  and  part  of  the 
road  leading  from  Bloomfield  to  St  Jameses  Well  was  completely 
carried  away  from  below  the  foundation  for  the  breadth  of  200  yards. 

Great  Dismal  Swamp. — I  have  described,  in  my  Travels  in  North 
America,!  an  extensive  swamp  or  morass,  forty  miles  long  from  north 
to  south,  and  twenty-fivA  wide,  between  the  towns  .of  Norfolk  in  Yiigiiua, 
and  Weldon  in  North  Carolina.  It  is  called  the  '*  Great  Dismal,''  and 
has  somewhat  the  appearance  of  an  inundated  river-plain  coveied  with 
aquatic  trees  and  shrubs,  the  soil  being  as  black  as  that  of  a  peat  bog. 
It  is  higher  on  all  sides  except  one  than  the  surrounding  country,  toward^ 
which  it  sends  forth  streams  of  water  to  the  north,  east^  and  south,  re- 
ceiving a  supply  from  the  west  only.  In  its  centre  it  rises  12  feet  above 
the  flat  region  which  bounds  it  The  soil,  to  the  depth  of  15  feet^  is 
formed  of  vegetable  matter  without  any  admixture  of  earthy  particles^ 
and  offers  an  exception  to  a  general  rule  bef<»e  alluded  to,  namely,  that 
such  peaty  accumulations  scarcely  ever  occur  so  &r  south  as  lat  36%  ot 
in  any  region  where  the  summer  heat  is  so  great  as  in  Tizginia.    In  dig* 

*  Gilpin,  ObseiT.  on  Picturesque  BeauVy,  ^co.,  1772. 
t  Travel  <bc.,  in  1841,  184^  yoL  i  p.  143. 
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ging  eanak  tfajougli  the  monas  for  tbe  purpose  of  obtaining  timber, 
mnoh  of  the  black  soil  lia9  been  thrown  out  from  time  to  time,  and  ex- 
posed to  the  son  and  air,  in  which  case  it  soon  rots  away  so  that 
nodiing  remains  behind,  showing  clearly  that  it  owes  its  preservation  to 
the  shade  afforded  by  a  luxuriant  yegetation  and  to  the  constant  evapo- 
ration of  the  spongy  soil  by  which  the  air  is  cooled  during  the  hot 
months.  The  surface  of  the  bog  is  carpeted  with  mosses,  and  densely 
covered  with  ferns  and  reeds,  above  which  many  eveigreen  shrubs  and 
trees  flourish,  especially  the  White  Cedar  (Cupressus  thyoides),  which 
stands  firmly  supported  by  its  long  tap  roots  in  the  softest  parts  of  the 
quagmire.  Over  the  whole  the  deciduous  cypress  (Taxodium  dUtichum) 
is  seen  to  tower  with  its  spreading  top,  in  full  leaf  in  the  season  when 
thd  sun's  rays  are  hottest,  and  when,  if  not  intercepted  by  a  screen  of 
foliage,  they  might  soon  cause  the  fallen  leaves  and  dead  plants  of  the 
preceding  autumn  to  decompose,  instead  of  adding  their  contributions  to 
the  peaty  mass.  On  the  surface  of  the  wide  morass  lie  innumerable  trunis 
of  large  and  tall  trees,  while  thousands  of  others,  blown  down  by  the 
winds,  are  buried  at  various  depths  in  the  black  mire  below.  They  re- 
mind the  geologist  of  the  prostrate  position  of  large  stems  of  Sigillaria 
and  Lepidodendron,  converted  into  coal  in  ancient  carboniferous  rocks. 

Bones  ofherbivorow  quadrupeds  in  peat, — ^The  antlers  of  large  and 
full-grown  stags  are  amongst  the  most  common  and  conspicuous  remains 
of  animals  in  peat  They  are  not  horns  which  have  been  shed ;  foi 
portions  of  the  skull  are  found  attached,  proving  that  the  whole  animal 
perished.  Bones  of  the  ox,  hog,  horse,  sheep,  and  other  herbivorous 
animals,  also  occur.  M.  Morren  has  discovered  in  the  peat  of  Flanders 
the  bones  of  otters  and  beavers* ;  but  no  remains  have  been  met  with 
belonging  to  those  extinct  quadrupeds,  of  which  the  living  congeners 
inhabit  warmer  latitudes,  such  as  the  elephant,  rhinoceros,  hippopota- 
mus, hysena,  and  tiger,  though  these  are  so  common  in  supei^cial 
deposits  of  silt,  mud,  sand,  or  stalactite,  in  various  districts  throughout 
Great  Britain.  Their  absence  seems  to  imply  that  they  had  ceased  to 
live  before  the  atmosphere  of  this  part  of  tlie  world  acquired  that  cold 
and  humid  character  which  favors  the  growth  of  peat 

Remains  of  ships,-  <kc^  in  peat  mosses, — From  the  facts  before  men- 
tioned, that  mosses  occasionally  burst,  and  descend  in  a  fluid  state  to 
lower  levels,  it  will  readily  be  seen  that  lakes  and  arms  of  the  sea  may 
occasionally  become  the  receptacles  of  drift  peat  Of  this,  accordingly, 
there  are  numerous  examples ;  and  hence  the  alternations  of  clay  and 
sand  with  different  deposits  of  peat  so  frequent  on  some  coasts,  as  on 
those  of  the  Baltic  and  German  Ocean.  We  are  informed  by  Deguer, 
that  remains  of  ships,  nautical  instruments,  and  oars,  have  been  found 
in  many  of  the  Dutch  mosses ;  and  Gerard,  in  his  History  of  the  Valley 
of  the  Sonwne,  mentions  that  in  the  lowest  tier  of  that  moss  was  found 
ft  boat  loaded  with  bricks,  proving  that  these  mosses  were  at  one  period 

*  Bulletin  de  la  Soc  G4ol  de  France,  torn.  iL  p.  26. 
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navigable  lakes  and  arms  of  the  sea,  as  were  also  many  mosses  on  the 
coast  of  Picardy,  Zealand,  and  Friesland,  from  which  soda  and  salt  are 
procured.*  The  canoes,  stone  hatchets,  and  stone  arrow-heads  foond 
in  peat  in  di£ferent  parts  of  Great  Britain,  lead  to  similar  condamona. 

Imbedding  of  human  and  other  remains^  and  works  of  Art,  in 
Blown  Sand. 

The  drifting  of  sand  may  next  be  considered  among  the  causes 
capable  of  preserving  organic  remains  and  works  of  art  on  the  emeiged 
land. 

African  Sands. — ^The  sands  of  the  African  deserts  have  been  driven 
by  the  west  winds  over  part  of  the  arable  land  of  £^pt,  on  the  west- 
em  bank  of  the  Kile,  in  those  places  where  valleys  open  into  the  plain, 
or  where  there  are  gorges  through  the  Libyan  mountains.  By  similar 
sand-drifts  the  ruins  of  ancient  cities  have  been  buried  between  Uie 
temple  of  Jupiter  Ammon  and  Nubia.  M.  G.  A.  De  Luc  attempted  to 
infer  the  recent  origin  of  our  continents,  from  the  fact  that  these  moving 
sands  have  arrived  only  in  modem  times  at  the  fertile  plains  of  the  Nile. 
The  same  scourge,  he  said,  would  have  afflicted  £gypt  for  ages  anterior 
to  the  times  of  history,  had  the  continents  risen  above  the  level  of  the 
sea  several  hundred  centuries  before  our  era.f  But  the  author  proceeded 
in  this,  as  in  all  his  other  chronological  computations,  on  a  multitude  of 
gratuitous  assumptions.  He  ought,  in  the  first  place,  to  have  demon- 
strated that  the  whole  continent  of  Africa  was  raised  above  the  level  of 
the  sea  at  one  period ;  for  unless  this  point  was  established,  the  regi(» 
frx>m  whence  the  sands  began  to  move  might  have  been  the  last  addition 
made  to  Africa,  and  the  commencement  of  the  sand-flood  might  have 
been  long  posterior  to  the  laying  dry  of  the  greater  portion  of  that  con- 
tinent That  the  different  parts  of  Europe  were  not  all  elevated  at  one 
time  is  now  generally  admitted.  De  Luc  should  also  have  pointed  out 
the  depth  of  drift  sand  in  various  parts  of  the  great  Libyan  deserts,  and 
have  shown  whether  any  valleys  of  large  dimensions  had  been  filled  up— 
how  long  these  may  have  arrested  the  progress  of  the  sands,  and  how  &r 
the  flood  had  upon  the  whole  advanced  since  the  times  of  histoiy. 

We  have  seen  that  Sir  J.  G,  Wilkinson  is  of  opinion  that,  while  the 
sand-drift  is  making  aggressions  at  certain  points  upon  the  fertile  soil  of 
Egypt,  the  alluvial  deposit  of  the  Nile  is  advancing  very  generally  upon 
the  desert ;  and  that,  upon  the  whole,  the  balance  is  greatly  in  fevor  of 
the  fertilizing  mud.J 

No  mode  of  interment  can  be  conceived  more  favorable  to  the  conse^ 
vation  of  monuments  for  indefinite  periods  than  that  now  so  conmion  in 
the  region  immediately  westward  of  the  Nile.  The  sand  which  sur- 
rounded and  filled  the  great  temple  of  Ipsambul,  first  discovered  bj 

•  Dr.  Rennie,  Essays  on  Peat  Mos8»  p.  206. 

t  M-  G.  A-  De  Luc,  Mercure  de  France,  Sept  1801>. 

i  See  p.  262. 
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Bturckhardty  and  afterwards  partially  uncoyered  by  Belzoni  and  Beechey, 
was  BO  fine  as  to  resemble  a  fluid  when  put  in  motion.  Neither  the 
features  of  the  colossal  figures,  nor  the  color  of  the  stucco  with  which 
some  were  covered,  nor  the  paintings  on  the  walls,  had  received  any 
ffijury  firom  being  enveloped  for  ages  in  this  dry  impalpable  dust* 

At  some  future  period,  perhaps  when  the  pyramids  shall  have  perished^ 
the  action  of  the  sea,  or  an  earthquake,  may  lay  open  to  the  day  some  of 
these  buried  temples.  Or  we  may  suppose  the  desert  to  remain  undia* 
turbed,  and  changes  in  the  surrounding  sea  and  land  to  modify  the 
climate  and  the  direction  of  the  prevailing  winds,  so  that  these  may  then 
waft  away  the  Libyan  sands  as  gradually  as  they  once  brought  them  to 
those  r^ons.  Thus,  many  a  town  and  temple  of  higher  antiquity  than 
Thebes  or  Memphis  may  reappear  in  their  original  antiquity,  and  a 
part  of  the  gloom  which  overhangs  the  history  of  the  eaxlier  nations  be 
dispelled. 

Whole  caravans  are  said  to  have  been  overwhelmed  by  the  Libyan 
sands;  and  Burckhardt  informs  us  that  ''after  passing  the  Akaba  near 
the  head  of  the  Red  Sea,  the  bones  of  dead  camek  are  the  only  guides  of 
the  pilgrim  through  the  wastes  of  sand." — "  "We  did  not  see,"  says  Cap- 
tain Lyon,  speaking  of  a  plain  near  the  Soudah  mountains,  in  Northern 
Afiica, ''  the  least  appearance  of  vegetation ;  but  observed  many  skele- 
tons of  animals,  which  had  died  of  fatigue  on  the  desert,  and  occasionally 
the  grave  of  some  human  being.  All  these  bodies  were  so  dried  by  the 
heat  of  the  sun,  that  putre&ction  appears  not  to  have  taken  place  after 
death.  In  recently  expired  animals  I  could  not  perceive  the  slightest 
offensive  smell ;  and  in  those  long  dead,  the  skin  with  the  hair  on  it 
remained  unbroken  and  perfect^  although  so  brittle  as  to  break  with  a 
slight  blow.  The  sand-winds  never  cause  these  carcases  to  change  their 
pkces;  for,  in  a  short  time,  a  slight  mound  is  formed  round  them,  and 
they  become  stationaiy.^f 

Tatma  overwhelmed  by  sand  floods. — ^The  buryingof  several  towns  and 
villages  in  England,  France,  and  Jutland,  by  blown  sand,  is  on  record ; 
thus,  for  example,  near  St  Pol  de  Leon,  in  Brittany,  a  whole  village  was 
completely  buried  beneath  drift  sand,  so  that  nothing  was  seen  but  the 
spire  of  the  church.^  Li  Jutland  marine  shells  adhering  to  sea-weed  are 
sometimes  blown  by  the  violence  of  the  wind  to  the  height  of  100  feet^ 
and  buried  in  siniilar  hills  of  sand. 

Li  Suffolk,  in  the  year  1688,  part  of  Downham  was  overwhekned  by 
sands  which  had  broken  loose  about  100  years  before,  from  a  warren 
five  miles  to  the  south-west  This  sand  had,  in  the  course  of  a  centuiy, 
travelled  five  miles,  and  covered  more  than  1000  acres  of  land.§  A  con- 
siderable tract  of  cultivated  land  on  the  north  coast  of  Cornwall  has  been 
inundated  by  drift  sand,  forming  hills  several  hundred  feet  above  the 

*  Stratton,  Ed.  Fhil.  Joum.,  No.  v.  p.  62. 

t  Travel*  in  North  Africa  in  the  Years  1818, 1819,  and  182^  P-  88. 
t  M6m.  de  TAcad  dea  Sol  de  Parian  1112.    See  alao  the  caae  of  the  buned 
eknrch  of  Eeclei,  above^  p.  806. 
i  Pha  Tran&,  vol  il  p.  722. 
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I  of  the  sea,  and  oompoeed  of  oomminixted  marine  sheDs,  in  itbuA  i 
terrestrial  shells  are  enclosed  entire.  Bj  the  shifting  of  these  sands  liie 
ruins  of  ancient  buildings  have  been  discovered ;  and  in  some  casea  whoe 
wells  have  been  bored  to  a  great  depth,  distinct  strata^  separated  bgr  a 
vegetable  crust,  are  visible.  In  some  places,  as  at  New  Qnay,  laige  manBoi 
have  become  sufficiently  indurated  to  be  used  for  architectaral  pmposeB. 
The  lapidification,  which  is  still  in  progress,  appears  to  be  due  to  oxide  ot 
iron  held  in  solution  by  the  water  which  percolates  the  sand.* 

Imbedding  of  Organic  and  other  EenuUna  in  VoUamie  Ibrmaiiamt  oa 

the  Zand.  • 

I  have  in  some  degree  anticipated  the  subject  <^  this  aeotioD  in  finmer 
chapters,  when  speaking  of  the  buried  mties  around  Naples^  and  titose 
on  the  flanks  of  Etna  (pp.  385.  400.).  From  the  facts  referred  to^  it 
appeared  that  the  preservation  of  human  remains  and  works  oi  art  ib 
frequently  due  to  the  descent  of  floods  caused  by  the  copious  rains  which 
accompany  eruptions.  These  aqueous  lavas,  as  they  are  called  in  Cam- 
pania, flow  with  great  rapidity,  and  in  1822  surprised  and  suffocated,  as 
was  stated,  seven  persons  in  the  villages  of  St  Sebastian  and  Massa,  on 
the  flanks  of  Vesuvius. 

In  the  tuffe,  moreover,  or  solidified  mud,  deposited  by  these  aqueous 
lavas,  impressions  of  leaves  and  of  trees  have  been  observed.  Scnne  of 
those,  formed  after  the  eruption  of  Vesuvius  in  1822,  are  now  preserved 
in  the  museum  at  Naples, 

Lava  itself  may  become  indirectly  the  means  of  preservmg  terrestnal 
remains,  by  overflowing  beds  of  ashes,  pumice,  and  ejected  matter,  whkji 
may  have  been  showered  down  upon  animals  and  plants,  or  upon  hnmaa 
remains.  Few  substances  are  better  non-conductors  of  heat  than  Tdcanie 
dust  and  scoriae,  so  that  a  bed  of  such  materials  is  rarely  melted  by  a 
superimposed  lava-current.  After  consolidation,  the  lava  affords  secure 
protection  to  the  lighter  and  more  removable  mass  below,  in  whidi  the 
organic  relics  may  be  enveloped.  The  Herculanean  tuflb  containing  the 
rolls  of  papyrus,  of  which  the  characters  are  still  legible,  have,  as  was 
before  remarked,  been  for  ages  covered  by  lava. 

Another  mode  by  which  lava  may  tend  to  the  conservation  of  imbedded 
remains,  at  least  of  works  of  human  art,  is  by  its  overflowing  them  when 
it  is  not  intensely  heated,  in  which  case  they  sometimes  suffer  little  or  no 
injury. 

Thus  when  the  Etnean  lava^^urrent  of  1669  covered  fourteoi  towns 
and  villages,  and  part  of  the  city  of  Catania,  it  did  not  melt  down  a  great 
number  of  statues  and  other  articles  in  the  vaults  of  Oatania;  and  at  the 
depth  of  thirty-five  feet  in  the  same  current^  on  the  site  of  Mompiliere,  om 
of  the  buried  towns,  the  bell  of  a  church  and  some  statues  were  found 
uninjured  (p.  401.). 

*  Boase  on  SabmerBion  of  Part  of  the  Mount's  Bay,  Ao,  Trana  fioy.  OeoL 
Soc.  of  Cornwall,  voL  ii  p.  140. 
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We  read  of  several  buried  cities  in  Central  India,  ana  among  others 
of  Onjein  (or  Oojain)  which  about  fifty  years  before  the  Christian  era 
was  the  seat  of  empire,  of  art,  and  of  leamiog ;  but  which  in  the  time 
of  the  Rajah  Vicramaditya,  was  oyerwhehned,  according  to  tradition, 
together  with  more  than  eighty  other  large  towns  in  the  proyinces  of 
Malwa  and  Bagur,  **  by  a  shower  of  earth."  The  city  which  now  bears 
the  name  is  situated  a  mile  to  the  southward  of  the  ancient  town.  On 
digging  on  the  spot  where  the  latter  is  supposed  to  have  stood,  to  the 
depth  of  fifteen  or  eighteen  feet,  there  aie  fi:^quently  discovered,  says  Mr. 
Hunter,  entire  brick  walls,  pillars  of  stone^  and  pieces  of  wood  of  an 
extraordinary  hardness,  besides  utensils  of  various  kinds,  ancient  coins, 
and  occasionally  buried  wheat  in  a  state  resembling  charcoal.* 

The  soil  which  covers  Oujein  is  described  as  "  being  of  an  ash-gray 
color,  with  minute  specks  of  black  8and."f  And  the  "  shower  of  earth,** 
said  to  have  "  fallen  from  heaven,"  has  been  attributed  by  some  travellers 
to  volcanic  agency.  There  are,  however,  no  active  volcanoes  in  Central 
India,  the  nearest  to  Oujein  being  Denodur  hill  near  Bhooj,  the  capital 
of  Cutch,  300  geographical  miles  distant,  if  indeed  that  hill  has  ever 
poured  out  lava  in  historical  times,  which  is  doubted  by  many.^  The 
latest  writers  on  Oujein  avow  their  suspicion  that  the  supposed  "  cata- 
strophe" was  nothing  more  than  the  political  decline  and  final  abandon- 
ment of  a  great  city  which,  like  Nineveh  or  Babylon,  and  many  an 
ancient  seat  of  empire  in  the  East,  after  losing  its  importance  as  a  me- 
tropolis, became  a  heap  of  ruins.  The  rapidity  with  which  the  sun-dried 
bricks,  of  which  even  the  most  splendid  oriental  palaces  are  often  con- 
structed, crumble  down  when  exposed  to  rain  and  sun,  and  are  converted 
into  mounds  of  ordinary  earth  and  day,  is  well  known.  According  to 
Captain  Dangerfield,  trap  tuff  and  columnar  basalt  constitute  the  rocks 
in  the  environs  of  Oujein§,  and  the  volcanic  nature  of  these  formations, 
from  which  the  materials  of  the  bricks  were  originally  derived,  may 
have  led  to  the  idea  of  the  city  having  been  overwhelmed  by  a  vdcanio 
eruption. 

*  Narrative  of  Journey^  fh>m  Agra  to  Onjein,  Asiatic  Besearcliei^  vol  vi  p^  86b 

tAsiatio  Joomal,  voL  iz.  p.  85.  X  See  above^  p.  460. 

Sir  J.  Maloalm's  Central.  India.    Appendix^  No.  9.  p.  8Mb 
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BTTRTINa  OF  VOBSUA  IN  ALLUYIAL  DEPOSITS  AND  DK  CATEi. 

Foasfls  in  allnTiom— Effeoti  of  taddea  iiraBdatioii»— 'leneKrial  animah 
abundantly  presenred  in  aUnvinm  where  earthquakes  prevail — Marine  aDu- 
Yiiun — ^Baried  town — ^Effects  of  Landfilips — Organie  remains  in  fiainres  and 
CAvei — ^Form  and  dimeuBionB  of  caTernB — their  probable  origin — CSoeed  baaiat 
and  subterranean  rivers  of  the  Morea — ^EataTothra— Formation  of  breeciss 
with  red  oement— Human  remains  imbedded  in  Morea — ^Intermixture^  in  caves 
of  South  of  France  and  elsewhere^  of  huoian  remains  and  bones  of  extin^ 
quadrupeds^  no  proof  of  former  co-^dstenoe  of  man  with  those  lost  i 


Fossils  in  alluvium. — ^The  next  subject  for  our  consideTadoii,  aooord- 
ing  to  the  division  before  proposed,  is  the  embedding  of  organic  bodies 
in  aUuvium. 

The  gravel,  sand,  and  mud  in  the  bed  of  a  river  does  not  often  con- 
tain any  animal  or  vegetable  remains ;  for  the  whole  mass  is  so  oontina- 
ally  shying  its  place,  and  tlie  attrition  of  the  various  parts  is  so  great, 
that  even  the  hardest  rocks  contained  in  it  are,  at  length,  ground  down 
to  powder.  But  when  sand  and  sediment  are  suddenly  swept  by  a  flood, 
and  then  let  fall  upon  the  land,  such  an  alluvium  may  envelop  trees  or 
the  remains  of  animals,  wbich,  in  this  manner,  are  often  pennanently 
preserved.  In  the  mud  and  sand  produced  by  the  floods  in  Scotland,  in 
1829,  the  dead  and  mutilated  bodies  of  hares,  rabbits,  moles,  mice,  pai^ 
tridges,  and  even  the  bodies  of  men,  were  found  partially  buried.*  But 
in  these  and  similar  cases  one  flood  usually  efiaces  the  memorials  left  Jby 
another,  and  there  is  rarely  a  sufficient  depth  of  undisturbed  transported 
matter,  in  any  one  spot,  to  preserve  the  organic  remains  for  ages  from 
destruction. 

Where  earthquakes  prevail,  and  the  lef  els  of  a  country  are  changed 
from  time  to  time,  the  remains  of  animals  may  more  easily  be  inhumed 
and  pj:^tected  from  disintegration.  Portions  of  plains,  loaded  with  allu- 
vial accumulations  by  transient  floods,  may  be  gradually  upraised ;  and, 
if  any  organic  remains  have  been  imbedded  in  the  transported  mat^iak, 
they  may,  after  such  elevation,  be  placed  beyond  the  reach  of  the  erosive 
power  of  streams.  In  districts  where  the  drainage  is  repeatedly  deranged 
by  subterranean  movements,  every  fissure,  eveiy  hollow  caused  by  the 
sinking  in  of  land,  becomes  a  depository  of  organic  and  inoiganic  sub- 
stances, hurried  along  by  transient  floods. 

Marine  alluvium. — In  May,  1787,  a  dreadful  inundation  of  the  sea 
was  caused  at  Coringa,  Ingeram,  and  other  places,  on  the  coast  of  Coro- 
mandel,  in  the  East  Indies,  by  a  hurricane  blowing  from  the  N.  £.,  which 
raised  the  waters  so  that  they  rolled  inland  to  the  distance  of  about 
twenty  miles  from  the  shore,  swept  away  many  villages,  drowned  mora 

*  Sir  T.  D.  Lauder,  Bart,  on  Floods  in  Horayshire^  Aug.  1889,  p.  177. 
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than  10,000  people,  and  left  the  oonntrj  covered  with  marine  mnd,  on 
which  the  carcasses  of  about  1 00,000  head  of  cattle  were  strewed  An  old 
tradition  of  the  natives  of  a  similar  flood,  said  to  have  happened  about  a 
century  before,  was,  till  this  events  regarded  as  fisibulous  by  the  European 
settlers.*  The  same  coast  of  Coromandel  was,  so  late  as  May,  1832,  the 
scene  of  another  catastrophe  of  the  same  kind ;  and  when  the  inunda- 
tion subsided,  several  vessels  were  seen  grounded  in  the  fields  of  the  low 
oountiy  about  Coringa. 

Many  of  the  storms  termed  hurricanes  have  evidently  been  connected 
with  submarine  earthquakes,  as  is  shown  by  the  atmospheric  phenomena 
attendant  on  them,  and  by  the  sounds  heard  in  the  ground  and  the  odors 
emitted.  Such  were  the  circumstances  which  accompanied  the  swell  of 
the  sea  in  Jamaica,  in  1780,  when  a  great  wave  desolated  the  western 
coast,  and  bursting  upon  Savanna  la  Mar,  swept  away  the  whole  town  in 
an  instant,  so  that  not  a  vestige  of  man,  beast,  or  habitation,  was  seen 
upon  the  surface,  f 

Mouses  and  works  of  art  in  aUuvial  deposits. — ^A  very  aucient  sub- 
terranean town,  apparently  of  Hindoo  origin,  was  discovered  in  India  in 
1833,  in  digging  the  Doab  canaL  Its  site  is  north  of  Saharunpore,  near 
tlie  town  of  Behat,  and  seventeen  feet  below  the  present  surface  of  the 
country.  More  than  170  coins  of  silver  and  copper  have  already  been 
found,  and  many  articles  in  metal  and  earthenware.  The  overlying 
deposit  consisted  of  about  five  feet  of  river  sand,  with  a  substratum  about 
twelve  feet  thick  of  red  alluvial  day.  In  the  neighborhood  are  several 
rivers  and  torrents,  which  descend  firom  the  mountains  charged  with  vast 
quantities  of  mud,  sand,  and  shingle ;  and  within  the  memory  of  persons 
now  living  the  modem  Behat  has  been  threatened  by  an  inundation, 
which,  after  retreating,  left  the  neighboring  country  strewed  over  with 
a  superficial  covering  of  sand  several  feet  thick.  In  sinking  wells  in  the 
environs,  masses  of  shingle  and  boulders  have  been  reached  resembling 
those  now  in  the  river-channels  of  the  same  district,  imder  a  deposit  of 
thirty  feet  of  reddish  loam.  Captain  Cautley,  therefore,  who  directed  the 
excavations,  supposes  that  the  matter  discharged  by  torrents  has  gradually 
raised  the  whole  country  skirting  the  base  of  the  lower  hills ;  and  that  the 
ancient  town,  having  been  originally  built  in  a  hollow,  was  submerged  by 
floods,  and  covered  over  with  sediment  seventeen  feet  in  thickness.  I 

We  are  informed,  by  M.  Boblaye,  that  in  the  Morea,  the  formation 
termed  ceramique,  consisting  of  pottery,  tiles,  and  bricks,  intermixed 
with  various  works  of  art,  enters  so  largely  into  the  alluvium  and  vege- 
table soil  upon  the  plains  of  Greece,  and  into  hard  and  crystalline  brec- 
cias which  have  been  formed  at  the  foot  of  declivities,  that  it  constitutes 
an  important  stratum  which  might,  in  the  absence  of  zoological  eha* 
racters,  serve  to  mark  our  epoch  in  a  most  indestructible  manner.§ 

*  Dodsley's  Ann.  Beflnst,  1788. 

f  Edwards,  Hist,  of  West  Indies,  vol  i  f.  235,  ed.  1801 
1  Joam.  of  Asiat.  Soc,  Kos.  zxv.  and  znx,  1884. 
I  Ann.  desSci.  Nat.  torn.  zziL  p.  117,  Felx  1881. 
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Zandslip9.-^lhB  landfllip,  by  suddeolj  pNcip^atiiig  Iftrge  mwiigeB  of 
rock  and  aoil  into  &  yaliej,  overwlieliiis  a  iDi]l(itod&  cf  arnimali^  and 
aometimes  boiieB  permanentij  wbole  villagei^  widi  their  fahahitanta  and 
larg^  herds  of  cattle.  ThiiB  three  Tillages,  with  thdr  eatire  popoiatioi^ 
were  eoveredf  ^dien  the  monntaia  of  Pia  fdl  in  1*1*12,  in  the  dislrict  of 
Treviso,  in  the  state  of  Venice,*  and  part  of  Mount  Gvenier,  aoofli  of 
Ohambeiy,  in  Savoy,  which  fell  down  in  the  year  1248,  buried  five 
parishes,  including  ike  town  and  church  of  St  Andr6,  the  mins  ocea- 
pying  an  extent  of  albout  nine  square  milea^f 

The  number  of  If:  es  lost  by  ^e  slide  <^  the  Bossbevg,  m  Switserlaad 
in  1806,  was  estimated  at  more  than  800,  a  great  number  of  the  bodies 
as  well  as  several  villages  and  scattered  houses,  being  buried  deep  vote 
mud  and  rock.  In  the  same  country,  several  hundred  cottages^  witk 
eighteen  of  their  inhabitants  and  a  great  number  of  oows^  soata,  and 
sheep,  were  victims  to  the  sudden  fidl  of  a  bed  of  stones,  itaxtj  yaidi 
deep,  which  descended  from  the  sunmiits  of  the  Diabkrks  in  YaBsa 
In  Uie  year  1618,  a  portion  of  Mount  Gonto  fell,  in  the  comity  of  Cbia- 
venna,  in  Switaerhmd,  and  buried  the  town  of  Plauis  with  all  itsinhriiil- 
ants,  to  the  number  d  2480. 

It  is  unnecessary  to  multiply  examples  of  similar  local  cataBtrq>heB^ 
which  however  numerous  they  may  have  been  in  moontnnous  parts  of 
Europe,  withiii  the  historical  period,  have  :been,  nevertheleBS,  of  rare  ocen^ 
rence  when  compared  to  events  of  the  same  kind  which  have  taken  place 
in  regions .  convulsed  by  earthquakes.  It  is  then  that  enamoos  manses 
of  rock  and  earth,  even  in  comparatively  low  and  level  coimlriei^  iR 
detached  from  the  sides  of  valleys,  and  cast  down  into  the  ixver  oooobb^ 
and  often  so  unexpectedly  that  they  overwhelm,  even  in  the  daytime^ 
eveiy  living  thing  upon  the  plains. 

Preservation  of  Organic  Bemains  in  lUsuret  and  Caves. 

In  the  history  of  earthquakes  it  was  shown  that  many  hundreds  of 
new  fissures  and  chasms  had  opened  in  certain  regions  during  the  last 
150  years,  some  of  which  are  described  as  being  of  unfrithomaUe  depth. 
We  also  perceive  that  mountain  maases  have  been  violently  fractnrdl  and 
dislocated,  during  thdr  rise  above  the  level  of  the  sea ;  and  thus  we  may 
account  for  the  existence  of  many  cavities  in  the  interior  of  the  earth  by 
the  simple  agency  of  earthquakes;  but  there  are  some  caverns,  especially 
in  limestone  rocks,  which,  although  usuaUy,  if  not  always,  connected 
with  rents,  are  nevertheless  of  such  forms,  and  dimensions,  alternately 
expanding  into  spacious  chambers,  and  then  contracting  again  into  nar- 
row passages,  that  it  is  difficult  to  conceive  that  they  can  owe  their  <»igin 
to  the  mere  fracturing  and  displacement  of  solid  masses. 

In  the  limestone  of  Kentucky,  in  the  basin  of  Green  Biver,  one  of  tfia 

*  Malte-Bnm'B  G6<^.,  vol  L  p.  485. 

t  Bakewell,  Travels  in  the  Tarentaise^  rcH  i.  p.  SOL 
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tributaries  of  the  Ohio^  a  line  of  undeigrcmnd  cavities  has  been  traced 
in  one  direction  for  a  distance  of  ten  miles,  without  any  termination ;  and 
one  of  the  chambers,  of  which  there  are  many^  all  connected  by  narrow 
tunnels,  is  no  leas  than  ten  acres  in  area  and  150  feet  in  its  greatest 
height.  Besides  the  principal  aeries  of  ^  antros  yast^"  thero  bi»  a  great 
many  lateral  embranchments  not  yet  explored* 

The  cayemous  structure  here  alluded  to  is  not  altogether  confined  to 
calcareous  rociks ;  for  it  has  lately  been  observed  in  micaceous  and  argilla- 
ceous  schist  in  the  Grecian  island  of  Thermia  (Cythnos  of  the  ancients), 
one  of  theCydades.  H«!e  also  spacious  halls,  with  rounded  and  irregu- 
lar walls,  are  connected  together  by  narrow  passages  or  tunnels,  and 
there  are  many  lateral  branches  which  have  no  ouUet  A  current  of 
wattv  has  evidently  at  some  period  flowed  through  the  whole,  and  left  t 
muddy  deposit  of  bluish  clay  upon  the  floor ;  but  the  erosive  action  of 
the  stream  cannot  be  supposed  to  have  given  rise  to  the  excavations  in 
the  first  instance.  M.  Yirlet  suggests  that  fissures  were  first  caused  by 
earthquakes,  and.  that  these  fissures  became  the  chimneys  or  vents  for 
the  disengagement  of  gas,  generated  below  by  volcanic  heat.  Gases,  he 
observes,  such  as  the  muriatic,  sulphuric,  fluoric,  and  others,  might,  if 
raised  to  a  hi^  temperature,  alter  and  decompose  the  rocks  which  they 
traverse.  There  are  signs  of  the  former  action  of  such  vapors  in  rents 
<^the  micaceous  schist  of  Thermia,  and  thermal  springs  now  iasue  from 
the  grottoes  of  that  island.  We  may  suppose  that  siterwards  the  elements 
of  the  decomposed  rocks  were  graduaUy  removed  in  a  state  of  solution 
by  mineral  waters ;  a  theory  which,  according  to  M*  Yirlet,  is  confirmed 
by  the  effect  of  heated  gases  which  escape  from  rents  in  the  isthmus  of 
Corinth,  and  which  have  greatly  altered  and  corroded  the  hard  siliceous 
and  jaspideous  rocks-f 

When  we  reflect  on  the  quantity  of  carbonate  of  lime  annually  poured 
out  by  mineral  waters,  we  are  prepared  to  admit  that  large  cavities  must, 
in  the  course  of  ages,  be  formed  at  considerable  depths  below  the  sur&ce 
in  calcareous  rockB.|  These  rocks,  it  will  be  remembered,  are  at  once 
more  soluble,  more  permeable,  and  more  fra^e,  than  any  others,  at  least 
all  the  compact  varieties  are  very  easily  broken  by  the  movements  of 
earthquakes,  which  would  produce  only  flexures  in  argillaceous  strata. 
Fissures  once  formed  in  limestone  are  not  liable,  as  in  many  other  forma- 
tions, to  become  closed  up  by  impervious  clayey  matter,  and  hence  a 
stream  of  acidulous  water  might  for  ages  obtain  a  free  and  unobstructed 


Mcrta, — ^Nothing  is  more  common  in  limestone  districts  than  the 
engulfinent  of  rivers,  which  after  holding  a  subteiranean  course  for  many 
miles  escape  again  by  some  new  outiet    As  they  are  usually  chaiged 

♦  Nahuitt  Ward,  Trans,  of  Antiq.  Soo.  of  Masiaohnsetts.    Holmes's  UnHed 
States^  p.  488. 
f  BolL  de  la  Soo.  O^L  do  France^  torn.  iL  p.  829. 
1  See  above,  p  240.  ^  ,  . 

%  See  remarks  by  K.  Boblaye,  Ami.  des  MinM^  Sme  wsn^  torn,  iv 
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.  with  fine  sediment)  and  often  with  sand  and  pebbles  where  they  entei^ 
whereas  they  are  usually  pure  and  limpid  where  they  flow  out  again, 
ihey  must  deposit  much  matter  in  empty  spaces  in  the  interior  of  the 
earth.    In  addition  to  the  materials  thus  introduoed,  stahigmite,  or  car- 
bonate of  lime,  drops  from  the  rooft  of  cavenis,  and  in  this  mixture  the 
bones  of  animals  washed  in  by  rivers  are  often  entombed.     In  this  manner 
we  may  account  for  those  bony  breccias  which  we  often  find  in  caves^ 
some  c^  which  are  of  high  antiquity  while  others  are  very  recent  and 
in  daily  progress.    In  no  district  are  engulfed  streams  more  consfHcooas 
than  in  the  Morea,  where  the  phenomena  attending  them  have  been 
lately  studied  and  described  in  great  detail  by  M.  Boblaye  and  his  Mow- 
laborers  of  the  French  expedition  to  Greece.*    Their  account  is  peco- 
liariy  interesting  to  geologists,  because  it  throws  light  on  the  red  osseous 
breccias  containing  the  bones  of  extinct  quadrupeds  which  are  so  oommon 
in  almost  all  the  countries  bordering  the  Mediterranean.    It  appears  that 
the  numerous  caverns  of  the  Morea  occur  in  a  compact  limestone,  of  the 
age  of  the  English  diaOc,  immediately  below  which  are  arenaceous  strati 
referred  to  the  period  of  our  greensand.    In  the  more  elevated  districts 
of  that  peninsula  there  are  many  deep  land-locked  valleys,  or  baans^ 
closed  round  on  all  sides  by  mountains  of  fissured  and  cavernous  lime- 
stone.   The  year  is  divided  almost  as  distinctly  as  between  the  tropics 
into  a  rainy  season,  which  lasts  upwards  of  four  months,  and  a  season  of 
drought  of  nearly  eight  months'  duration.     When  the  torrents  are 
swollen  by  the  rains,  they  rush  from  surrounding  heights  into  the  inclosed 
basins ;  but,  instead  of  giving  rise  to  lakes,  as  would  be  the  case  in  most 
other  countries,  they  are  received  into  gulfe  or  diasms,  called  by  the 
Greeks  **  fiaitavothra,"  and  which  correspond  to  what  are  termed  **  swal- 
low-holes" in  the  north  of  England.    The  water  of  these  torrents  k 
chaiged  with  pebbles  and  red  ochreous  earth,  resembling  precisely  the 
well-known  cement  of  the  osseous  breccias  of  the  Mediterranean*    It 
dissolves  in  adds  with  effervescence,  and  leaves  a  reddue  of  hydrated 
oxide  of  iron,  granular  iron,  impalpable  grains  of  silex,  and  small  isystak 
<^  quartz.    Soil  of  the  same  description  abounds  everywhere  on  the 
surface  of  the  decomposing  limestone  in  Greece,  that  rock  containing  in 
it  much  siliceous  and  femi^nous  matter. 

Many  of  the  Ejitavothra  being  insufficient  to  give  passage  to  all  the 
water  in  the  rainy  season,  a  temporary  lake  is  formed  round  the  mouth 
of  the  chasm,  which  then  becomes  still  farther  obstructed  by  pebbles, 
sand,  and  red  mud,  thrown  down  from  the  turbid  waters.  The  lake 
being  thus  raised,  its  waters  generally  escape  through  other  openings,  at 
higher  levels,  around  the  borders  of  the  phdn,  constituting  the  bottom  of 
the  dosed  basin. 

In  some  places,  as  at  Kavaros  and  Tripolitza,  where  the  principal  <B»" 
charge  is  by  a  gulf  in  the  middle  of  the  plidn,  nothing  can  be  seen  over 
the  openmg  in  smnmer,  when  the  lake  dries  up,  but  a  deposit  of  red 

•  Abb.  dec  Kbe^  Sme  wMe,  torn,  iv.,  1888. 
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mud,  cracked  iu  all  directions.  But  the  E[atayothn)n  is  moTe  commonly 
ntui^ed  at  the  foot  of  the  sunounding  escarpment  of  limestone;  and  in 
that  case  there  is  sometimes  room  enough  to  allow  a  person  to  enter,  in 
summer,  and  even  to  penetrate  hx  into  the  interior.  Within  is  seen  a 
suite  of  chambers,  communicating  with  each  other  by  narrow  passages ; 
and  M.  Virlet  relates,  that  in  one  instance  he  observed,  near  the  entrance, 
human  bones  imbedded  in  recent  red  mud,  mingled  with  the  remains  of 
plants  and  animals  of  species  now  inhabiting  the  Morea.  It  is  not 
wonderful,  he  says,  that  the  bones  of  man  should  be  met  with  in  such 
receptacles ;  for  so  murderous  have  been  the  late  wars  in  Greece,  that 
skeletons  are  oflen  seen  lying  exposed  on  the  surface  of  the  country.* 

In  summer,  when  no  water  is  flowing  into  the  Eatavothron,  its  mouth, 
half  closed  up  with  red  mud,  is  masked  by  a  vigorous  vegetation,  which 
is  cherished  by  the  moisture  of  the  place.  It  is  then  the  &vorite  hiding- 
place  and  den  of  foxes  and  jackals ;  so  that  the  same  cavity  serves  at  one 
season  of  the  year  for  the  habitation  of  carnivorous  beasts,  and  at  another 
as  the  channel  of  an  engulfed  river.  Near  the  mouth  of  one  chaam,  M. 
Boblaye  and  his  companions  saw  the  carcass  of  a  horse,  in  part  devoured, 
the  size  of  which  seemed  to  have  prevented  the  jackals  from  dragging  it 
in:  the  marks  of  their  teeth  were  observed  on  the  bones,  and  it  was 
evident  that  the  floods  of  the  ensuing  winter  would  wash  in  whatsoever 
might  remain  of  the  skeleton. 

It  has  been  stated  that  the  waters  of  all  these  torrents  of  the  Morea  are 
turbid  where  they  are  engulfed ;  but  when  they  come  out  again,  often  at 
the  distance  of  many  leagues,  they  are  perfectiy  dear  and  limpid,  being 
only  charged  occasionally  with  a  slight  quantity  of  calcareous  sand.  The 
points  of  efflux  are  usually  near  the  seiHihores  of  the  Morea,  but  some- 
times they  are  submarine ;  and  when  this  is  the  case,  the  sands  are  seen 
to  boil  up  for  a  considerable  space,  and  the  surface  of  the  sea,  in  calm 
weather,  swells  in  large  convex  waves.  It  is  curious  to  reflect,  that  when 
this  discharge  fails  in  seasons  of  drought,  the  pressure  of  the  sea  may 
force  its  salt  waters  into  subterraneous  caverns,  and  carry  in  marine  sand 
and  shells,  to  be  mingled  with  ossiferous  mud,  and  the  remuns  of  terres- 
trial animals. 

In  general,  however,  the  efflux  of  water  at  these  inferior  openings  is 
surprisingly  imiform.  It  seems,  therefore,  that  the  large  caverns  in  the 
interior  must  serve  as  reservoirs,  and  that  the  water  escapes  gradually 
from  them,  in  consequence  of  the  smallness  of  the  rents  and  passages  by 
which  they  communicate  with  the  surface. 

The  phenomena  above  described  are  not  confined  to  the  Morea,  but 
occur  in  Greece  generally,  and  in  those  parts  of  Italy,  Spain,  Asia  Minor, 
and  Syria,  where  the  formations  of  the  Morea  extend.  The  Copaic  lake 
in  Boeotia  has  no  outiet,  except  by  undeiground  channels ;  and  hence 
we  can  explain  those  traditional  and  historical  accounts  of  its  having 
gained  on  the  surrounding  plains  and  overflowed  towns,  as  such  flooda 

•  BqU.  do  la  Soc.  G^oL  de  YttJko^  torn,  iii  p.  228. 
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mnstliATe happened  whenever  the  outlet  was  partiaHy  choked  up  hy  mud, 
ffSLvdt  or  the  auhndeaoe  of  roeba^  oaoaed  bjeaiihquakeB.  Wheu^eak- 
iag  of  the  numeKOVs  fieaoxoB  in  the  limeBtona  cf  Greeoe,  JL  BcA>]i^e 
reminds  ua  of  the  fiamoua  earthquake  of  469  b.  o^  vhen,  as  we  learn  bam 
Cicero,  Plutarch,  Stcabo^  and  Pliny,  Sparta  waa  laid  in  ruina,  part  of  the 
summit  of  Mount  Taygetos  torn  o%  and  numeioaa  gulfe  and  fifimrea 
cauaed  in  the  rodm  of  I/aconia. 

During  the  great  earthquake  of  1693,  in  Sicily,  Beveral  thousand  people 
were  at  once  entombed  in  the  mina  of  cayems  in  limestone^  at  Sortino 
Veochio ;  and,  at  the  same  time,  a  laige  stream,  which  had  issned  ibr 
ages  from  one  of  the  grottoes  below  that  town,  changed  soddeidy  its  snb- 
tenanean  course,  and  came  out  from  the  mouth  of  a  cave  lower  down 
the  valley,  where  no  water  had  previooaly  flowed.  To  this  new  point 
the  ancient  water-mills  were  transferred,  as  I  kamt  when  I  visited  the 
spot  in  1829. 

When  the  courses  of  engulfed  rivers  are  thus  liable  to  change,.from 
time  to  time,  by  alterations  in  the  levels  of  a  country,  and  by  the  reading 
and  shattering  of  mountain  masses^  we  must  suppose  that  the  dens  of 
wild  beasts  will  sometimes  be  inundated  by  subterranean  floods,  and  their 
oareasses  buried  under  heaps  of  alluvium.  The  bones,  moreover,  of  indi- 
viduals which  have  died  in  the  recesses  of  caves,  or  of  animals  ^fiuch  have 
been  carried  in  for  prey,  may  be  drifted  along,  and  mixed  up  with  mud, 
sand,  and  fragments  of  rocks,  so  as  to  form  osseous  breccias. 

In  1833  I  had  an  opportunity  of  examining  the  celebrated  caves  of 
Franconia,  and  among  others  that  of  Rabenstein,  newly  discovered.  Their 
general  form,  and  the  nature  and  arrangement  of  their  contenta,  appeared 
to  me  to  agree  perfectly  with  the  notion  of  their  having  once  served  as 
the  channels  of  subterranean  rivers.  This  mode  of  accounting  for  the 
introduction  of  transported  matter  into  the  Franconian  and  other  caves, 
filled  up  as  they  often  are  even  to  their  ro(^  with  osseous  breccia,  was 
long  ago  proposed  by  M.  G.  Prevost,*  and  seems  at  length  to  be  very 
generally  adopted.  But  I  do  not  doubt  that  bears  inhabited  some  of  the 
German  caves,  or  that  the  cavern  of  Eirkdale,  in  Yorkshire,  was  once  the 
den  of  hyaenas.  The  abundance  of  bony  dung,  associated  with  hyenas' 
bones,  has  been  pointed  out  by  Dr.  Buckland,  and  with  reason,  as  con- 
firmatory of  this  opinion. 

The  same  author  observed  in  every  cave  examined  by  him  in  Germany, 
that  deposits  of  mud  and  sand,  with  or  without  rdled  pebbles  and  angu- 
lar fragments  of  rock,  were  covered  over  with  a  single  crust  of  8talagmite.f 
In  the  English  caves  he  remarked  a  similar  absence  of  altenUiont  of  allu- 
vium and  stalagmite.  But  Dr.  Schmerling  has  discovered  in  a  cavern  at 
Ohockier,  about  two  leagues  from  li^ge,  three  distinct  beds  of  stalagmite, 
and  between  each  of  them  a  mass  of  breccia,  and  mud  mixed  with  quarts 
pebbles,  and  in  the  three  deposits  the  bones  of  extinct  quadmped8.| 

*  M6m.  de  la  Soo.  d'Hist  Nat  do  Parifl»  toxn.  iv. 

I  RollquiflB  DiluviaxuB^  p.  108. 

i  JomxL  de  Q6dL,  torn.  1  p.  286.    Jliily,  188a 
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This  exception  does  not  invalidate  the  generality  of  the  phenomenon 
pcdnted  out  by  Dr.  Buckland,  one  cause  of  which  may  perhaps  be  this, 
that  if  sereral  floods  paas  at  different  intervals  of  time  through  a  subter- 
ranean paasage,  the  last,  if  it  has  power  to  drift  along  fragments  of  rock, 
wiU  also  tear  up  any  alternating  stalagmitic  and  alluvial  beds  that  may 
have  been  previously  formed.  Another  cause  may  be,  that  a  particular 
line  of  caverns  will  rarely  be  so  situated,  in  relation  to  the  lowest  levels 
of  a  country,  as  to  become,  at  two  distinct  epochs,  the  receptacle  of  en- 
gulfed rivers ;  and  if  this  should  happen,  some  of  the  caves,  or  at  least 
the  tunnels  of  communication,  may  at  the  first  period  be  entirely  choked 
up  with  transported  matter,  so  as  not  to  allow  the  subsequent  passage  of 
water  in  the  same  direction. 

As  the  same  chasms  may  remain  open  throughout  periods  of  indefinite 
duration,  the  species  inhabiting  a  country  may  in  the  meantime  be  greatly 
changed,  and  thus  the  remains  of  animals  belonging  to  veiy  different 
^Kxshs  may  become  mingled  together  in  a  common  tomb.  For  this 
reason  it  is  often  difficult  to  separate  the  monuments  of  the  human  epoch 
firom  those  relating  to  periods  long  antecedent^  and  it  was  not  witJiout 
great  care  and  skill  that  Dr.  Buckland  was  enabled  to  guard  against  such 
anachronisms  in  his  investigations  of  several  of  the  English  caves.  He 
mentions  that  human  skeletons  ^ere  found  in  the  cave  of  Wokey  Hole, 
near  Wells,  in  the  Mendips,  dispersed  through  reddish  mud  and  day, 
and  some  of  them  united  by  stalagmite  into  a  firm  osseous  breccia, 
'*  The  spot  on  which  they  lie  is  within  reach  of  the  highest  floods  of  the 
adjacent  river,  and  the  mud  in  which  they  are  buried  is  evidently 
fluviatile."* 

In  speaking  of  the  cave  of  Paviland  on  the  coast  of  Glamoiganshire 
the  same  author  states  that  the  entire  mass  through  which  bones  were 
dispersed  appeared  to  have  been  disturbed  by  ancient  diggings,  so  that 
the  remains  of  extinct  animals  had  become  mixed  with  recent  bones  aud 
shells.  In  the  same  cave  was  a  human  skeleton,  and  the  remains  of  recent 
testacea  of  eatable  species,  which  may  have  been  carried  in  by  man. 

In  several  caverns  on  the  banks  of  the  Meuse,  near  Li^ge,  Dr.  Schmer- 
ling  has  found  human  bones  in  the  same  mud  and  breccia  with  those  of 
the  elephant,  rhinoceros,  bear,  and  other  quadrupeds  of  extinct  speciea 
He  has  observed  none  of  the  dung  of  any  of  these  animals :  and  from 
this  circumstance,  and  the  appearance  of  the  mud  and  pebbles,  he  con- 
cludes that  these  caverns  were  never  inhabited  by  wild  beasts,  but  washed 
in  by  a  current  of  water.  As  the  human  skulls  and  bones  were  in  frag- 
ments, and  no  entire  skeleton  had  been  found,  he  does  not  believe  that 
these  caves  were  places  of  sepulture,  but  that  the  human  remains  wer«- 
washed  in  at  the  same  time  as  the  bones  of  extinct  quadrupeds,  and  that 
these  lost  species  of  mammalia  co-existed  on  the  earth  wiUi  man. 

Catfenu  in  the  south  of  France. — Similar  associations  in  the  south 
of  France,  of  human  bones  and  works  of  art,  with  remains  of  extinct 
quadrupeds,  have  induced  other  geologists  to  maintain  that  man  was  an 

*  Beliquita  Dilnyiann^  pw  166. 
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inhabitint  of  tliat  part  of  Eaiope  before  tfao  riuttooeraSj  h jma,  tiger^ 
and  many  foflsil  species  disappeared.  I  may  fint  mentioii  th^  ea^em  of 
Bize,  in  Uie  department  of  Ande,  where  H.  ICaioel  de  Setres  met  with  a 
small  nnmber  of  human  bones  mixed  with  those  of  eztiiict  smmakaiid 
with  land  sheUs.  They  oocnr  in  a  calcareous  stony  mass^  bosnd  togetlier 
by  a  cement  of  stalagmite.  On  examining  the  same  caTemSy  M»  Todraal 
found  not  only  in  these  caloareous  beds,  but  also  in  a  biaok  mud  which 
overlies  a  red  osseous  mud,  several  human  teeth,  together  wi&  broken 
angular  fragments  of  a  rude  kind  of  pottery,  and  also  reoent  maiine  and 
terrostrial  shells.  The  teeth  preserve  their  enamel ;  but  the  fangs  are  so 
much  altered  as  to  adhere  strongly  when  applied  to  the  tongue.  Of  the 
terrestrial  shells  thus  associated  with  the  bones  and  pottery,  the  most 
common  are  Cfyelastoma  ^kpatu,  Bulimus  JeeoUatui,  SeUx  nemoroiu^ 
and  ff,  hitida.  Among  the  marine  are  found  Peefen  jaeobcgH$,  MfUhu 
idulis^  and  Natua  nUlk-punctata^  all  of  them  eatable  kinds,  and  wfaidi 
may  have  been  brought  there  for  food.  Bones  were  Ibund  in  the  same 
mass  belonging  to  three  new  species  of  deer,  the  brown  bear  (UrmU 
aretcfldeus)y  and  the  wild  bull  {Boe  una),  formeriy  a  native  of 
Germany.* 

In  the  same  parts  of  France,  M.  de  Christol  has  foimd  in  caverns  in  a 
tertiary  limestone  at  Pondres  and  Souvignargues,  two  leagues  north  of 
Lunel-viel,  in  the  department  of  Herault,  human  bones  and  pottery  con* 
fusedly  mixed  with  remains  of  the  ihinooeros,  bear,  hyaena,  and  other 
terrestrial  mammifers.  They  were  imbedded  in  alluvial  mud,  of  the  so- 
lidity of  calcareous  tufa,  and  containing  some  flint  pebUes  and  fri^menta 
of  the  limestone  of  the  country.  Beneath  this  mixed  accumulation, 
which  sometimes  attained  a  thickness  of  thirteen  feet,  is  the  original 
floor  of  the  cavern,  about  a  foot  thick,  covered  with  bones  and  the  dnog 
of  animals  {album  grcKum),  in  a  sandy  and  tufiuseous  cement 

The  human  bones  in  these  caverns  of  Pondres  and  Souvignargues 
were  found,  upon  a  careful  analysis,  to  have  parted  with  their  animal 
matter  to  as  great  a  degree  as  those  of  the  hyaena  which  accompany 
them,  and  are  equally  brittle,  and  adhere  as  strongly  to  the  tongue. 

In  order  to  compare  the  degree  of  alteration  of  Aese  bones  with  those 
known  to  be  of  high  antiquity,  M.  Marcel  de  Serres  and  M.  Ballard, 
chemists  of  Montpelier,  procured  some  from  a  Oaulbh  saroophagus,  in 
the  plain  of  Lutiel,  supposed  to  have  been  buried  for  fourteen  or  fifteen 
centuries  at  least  In  these  the  cellular  tissue  was  empty,  but  they  were 
more  solid  than  fresh  bones.  They  did  not  adhere  to  the  tongue  in  the 
same  manner  as  those  of  the  caverns  of  Bi«e  and  Pondres,  yet  they 
had  lost  at  least  three  fourths  of  their  original  animal  matter. 

The  superior  solidity  of  the  Gaulish  bones  to  those  in  a  fresh  skeleton 
Is  a  &ct  in  perfect  accordance  with  the  observations  made  by  Dr.  ManteH 
on  bones  taken  from  a  Saxon  tunralus  near  Lewes. 

M.  Tessier  has  also  described  a  cavern  near  MialeC)  in  the  department 

•  M.  Maroel  de  SerrM^  G^ognone  des  Tsmuns  awtiairei^  p.  64.    latrodaetioiL 
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of  Gard^  where  tii«  renudns  of  the  bear  and  other  animab  were  mmgied 
oonfusediy  with  htimiMi  bones,  ooaiae  pottery,  teeth  pierced  for  amulets^ 
pointed  fragments  of  bone,  bracelets  d  bronce,  and  a  Roman  urn.  Part 
ofthia  deposit  reached  to  ike  roof  of  the  cavity,  and  adhered  firmly  to  it 
The  auth<»r  suggests  that  the  exterior  portion  of  the  grotto  may  at  one 
period  have  been  a  den  of  bears,  and  that  afterwards  the  aborigmal  inha- 
bitants of  the  <soaatry  took  possession  of  it  either  for  a  dwelling  or  a  burial* 
place,  and  left  there  the  coarse  pottery,  amulets,  and  pointed  pieces  of 
bone.  At  a  third  period  the  Bomans  may  have  used  the  cavern  as  a 
place  of  s^ttltupe  or  concealment^  and  tO'  them  if^ay  have  belonged  the 
am  and  bracelets  of  metaL  If  we  then  suppose  the  course  of  the  neigh* 
boring  river  to  be  impeded  by  some  temporary  cause,  a  flood  would  be 
occasioned,  which,  rttdbing  into  die  open  grotto,  may  have  washed  all 
the  remains  into  fb^  interior  cavea  and  tunnels,  heaping  the  whole  con- 
fosedly  tog^er.^  < 

In  the  controversy  which  'has  anden  on  this  subject^  MM.  Marcel  de 
Seirres,  De  Ohiistol^  Toumal,  and  others,  have  contended,  that  the  pheno- 
mena of  this  and  other  caverns  in  the  south  of  France  prove  that  the 
fossil  rhinoceros,  hy»na,  bear,  and  several  other  lost  species,  were  once 
eoatemporaaeouB  iahabitants  of  the  country,  together  with  man ;  while 
M.  Desnoyers  has  supported  the  opposite  opini<m«  The  flint  hatchets  and 
arrow-heads,  he  says,  and  the  pointed  bones  and  coarse  pottery  of  many 
French  and  English  caves^  agree  precisely  in  chanieter  with  ^ose  found 
in  the  tumuli,  and  under  ib/b  dolmens  (mde  altars  of  unhewn  stone)  of 
the  primitive  inhabitants  of  Oaul,  Britain^  and  Germany.  The  human 
bones,  therefore,  in  the  caves  which  are  associated  with  such  &bricated 
objects,  must  belong  not  to  antediluvian  periods,  but  to  a  people  in  the 
same  stage  of  oivilication  as  those  who  constructed  the  tumuli  and 
altars. 

In  the  Gaulish  monuments  we  find,  together  with  the  objects  of  indus- 
try above  mentioned^  tiie  bones  of  wild  and  domestic  animals  of  specaes 
now  inhabiting  Europe,  particularly  of  deer,  sheep,  wild-boaiB,  dogs, 
horses,  and  oxen.  This  &ct  has  been  ascertained  in  Querey,  and  other 
provinces ;  and  it  is  supposed  l^  antiquaries  that  the  animala  in  quesdon 
were  placed  beneath  the  Celtic  altars  in  memory  of  sacrifices  offered  to 
the  Gaulish  divinity  Hesus,  and  in  the  tombs  to  commemorate  fimeral 
repasts,  and  also  from  a  supposition  prevalent  among  savage  nations, 
which  induces  them  to  lay  up  provisions  for  the  manes  of  tho  dead  in  a 
fiiture  life.  But  in  none  of  these  ancient  monuntents  have  any  bones 
been  found  of  the  elephant,  rhinoceros,  hyaena,  tiger,  and  other  quadru- 
peds, su^h  as  are  found  in  caves,  as  might  certainly  have  been  expected 
had  these  species  continued  to  flourish  at  the  tnne  that  thi»  part  of  GaUl 
was  inhabited  by  man.f  • 

We  are  also  remmded  by  M.  Desnoyers  of  a  passage  in  Floras,  in  which 
it  is  related  that  Caesar  ordered  the  caves  into  which  the  Aquitanian 

*  Bull,  de  la  Sooi  QM,  d«^  France,  torn,  il  ppw  59—09. 

t  Demoyen,  Boll  de  la  Soe.  QM.  de  France,  tonLlL  p.  m. 
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Gauls  had  retreated  to  be  dosed  up.*  It  is  also  on  record,  that  so  late 
as  the  eighth  century,  the  Aquitanians  defended  fhemselTes  in  caverns 
against  l^ng  Pepin.  As  many  of  these  carems,  therefore,  may  have 
served  in  succession  as  temples  and  habitations^  as  places  of  sepulture, 
concealment,  or  defence,  it  is  easy  to  conceive  that  human  bones,  and 
those  of  animals,  in  osseous  breccias  of  much  older  date,  may  have  been 
swept  away  together,  by  inundations,  and  then  buried  in  one  promiscuous 
heap. 

It  is  not  on  the  evidence  of  such  intermixtures  that  we  ought  readily 
to  admit  either  the  high  antiquity  of  the  human  race,  or  the  recent  date 
of  certain  lost  species  of  quadrupeds. 

Among  the  various  modes  in  which  the  bones  of  animals  become  pre- 
served, independently  of  the  ag^cy  of  land  floods  and  engulfed  rivera,  I 
may  mention  that  open  fissures  often  serve  as  natural  pit&lls  in  which 
herbivorous  animals  perish.  This  may  happen  the  more  readily  when 
they  are  chased  by  beasts  of  prey,  or  when  surprised  while  carelesBly 
browsing  on  the  shrubs  which  so  often  overgrow  and  conceal  the  edges 


During  the  excavations  recenOy  made  near  Behat  in  India,  the  bones 
of  two  deer  were  found  at  the  bottom  of  an  ancient  well  which  had 
been  filled  up  with  alluvial  loam.  Their  horns  were  broken  to  pieces, 
but  the  jaw  bones  and  other  parts  of  the  skeleton  remained  tolerably 
perfect  *^  Their  presence,"  says  Captain  Oautley,  ^is  easily  accounted 
for,  as  a  great  number  of  these  and  other  animals  are  constantly  lost  in 
galloping  over  the  jungles  and  among  the  high  grass  by  filing  into 
deserted  wells."| 

Above  the  village  of  Selside,  near  Ingleborough  in  Yorkshire,  a 
chasm  'of  enormous  but  unknown  depth  occurs  in  the  scar-limestone,  a 
member  of  the  carboniferous  series.  ^  The  chasm,'*  says  Prc^essor  Sedg- 
wick, '^is  surrounded  by  grassy  shelving  banks,  and  many  ftnimak, 
tempted  towards  its  brink,  have  fallen  down  and  perished  in  it  The 
approach  of  cattle  is  now  prevented  by  a  strong  lofty  wall ;  but  there 
can  be  no  doubt  that,  during  the  last  two  or  three  thousand  years,  great 
masses  of  bony  breccia  must  have  accumulated  in  the  lower  parts  of  the 
great  fissure,  which  probably  descends  through  the  whole  thidmess  of  the 
scar-limestone,  to  the  depth  of  perhaps  five  or  six  hundred  feet*^ 

When  any  of  these  natural  pit-fidls  happen  to  communicate  with  lines 
of  subterranean  caverns,  the  bones,  eardi,  and  breccia,  may  sink  by 
their  own  weight,  or  be  washed  into  the  vaults  below. 

At  the  north  extremity  of  the  rock  of  Gibraltar  are  perpendicular 
fissures,  on  the  ledges  of  which  a  number  of  hawks  nestle  and  rear  their 
young  in  the  breeding  season.  They  throw  down  from  their  nests  the 
bones  of  small  birds,  mice,  and  other  animals,  on  which  tliey  feed,  and 

*  Hist  BonL  Epit,  lib.  ilL  c  10. 

f  Bnekland,  Reiiquiie  Diluvianao,  p.  26. 

1  See  Above,  pp.  780,  781. 

9  On  the  Lake  Mountains  of  North  of  England,  GeoL  Soa  Jan.  5,  18S1. 
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ihese  are  gradually  united  into  a  breccia  of  angular  fragments  of  the 
decompofiing  limestone  with  a  cement  of  red  earth. 

At  the  pass  of  Escrinet  in  France,  on  the  northern  escarpment  of  the 
Coiron  hills,  near  Aubenas,  I  have  seen  a  breccia  in  the  act  of  forming. 
8mall  pieces  of  disintegrating  limestone  are  transported,  during  heavy 
rains,  by  a  streamlet,  to  the  foot  of  the  declivity,  where  land  shells  are 
very  abundant  The  shells  and  pieces  of  stone  soon  become  cemented 
together  by  stalagmite  into  a  compact  mass,  and  the  talus  thus  formed 
is  in  one  place  fifty  feet  deep,  and  five  hundred  yards  wide.  So  firmly 
is  the  lowest  portion  consolidated,  that  it  is  quarried  for  mill-stcnes. 

Recent  iUUagmiiic  limestone  of  Cuba, — One  of  the  most  singular 
examples  of  the  recent  growth  of  stalagmitic  limestone  in  caves  and 
fissures  is  that  described  by  Mr.  R.  C.  Taylor,  as  observable  on  the 
north-east  part  of  the  island  of  Cuba.*  The  country  there  is  composed 
of  a  white  marble,  in  which  are  numerous  cavities,  partially  filled  with 
a  calcareous  deposit  of  a  brick-red  color.  In  this  red  deposit  are 
shells,  or  often  Uie  hollow  casts  of  sheUs,  chiefly  referable  to  eight  or 
nine  species  of  land  snails,  a  few  scattered  bones  of  quadrupeds,  and, 
what  is  still  more  singular,  marine  univalve  sheik,  often  at  Uie  height 
of  many  hundred,  or  even  one  thousand  feet  above  the  sea.  The  follow- 
ing explanation  is  given  of  the  gradual  increase  of « this  deposit.  Land 
snails  of  the  genera  Helix,  Cyclostoma,  Pupa,  and  Clausilia,  retire  into 
the  caves,  the  floors  of  which  are  strewed  with  myriads  of  their  dead 
and  unoccupied  shells,  at  the  same  time  that  water  io^tered  through 
the  mountain  throws  down  carbonate  of  lime,  enveloping  the  shells, 
together  with  fragments  of  the  white  limestone  which  occasionally  falls 
from  the  root  Multitudes  of  bats  resort  to  the  caves ;  and  their  dung, 
which  is  of  a  bright  red  color,  (probably  derived  from  the  berries  on 
which  they  feed,)  imparts  its  red  hue  to  the  mass.  Sometimes  also  the 
Hutia,  or  great  Indian  rat  of  the  island,  dies  and  leaves  its  bones  in  the 
caves.  ^  At  certain  seasons  the  soldier-crabs  resort  to  the  seashore,  and 
then  return  from  their  pilgrimage,  each  carrying  with  them,  or  rather 
dragging,  the  shell  of  some  marine  univalve  for  many  a  weary  mile. 
They  may  be  traced  even  at  the  distance  of  eight  or  ten  miles  fit>m  the 
shore,  on  the  summit  of  mountains  1200  feet  high,  like  the  pilgrims  of 
the  olden  times,  each  bearing  his  shell  to  denote  the  character  and 
extent  of  his  wanderings.'^  By  this  means  several  species  of  marine 
testacea  of  the  genera  Trochus,  Turbo,  Littorina,  and  Monodonta,  are 
conveyed  into  inland  caverns,  and  enter  into  the  composition  of  the 
newly  formed  rock. 

*  Notes  on  GeoL  of  Cuba,  1886^  PhiL  Mag.,  July,  1887. 
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XMBSDDnrO  OF  ORGAKIO  KXMAIN8  IN  BITBAQVXOVB  DXP08ITS. 

]>tTisioi&  of  file  nibjeci— Imbedding  ct  teireetiial  animaUftod  pUats — ^Increaaed 
■pecifio  gravity  of  wood  rank  to  great  doptha  in  the  eaa— Drift-timber  of  tiie 
Mackenzie  in  Slare  Lake  and  Polar  Sea— Floating  trees  in  the  MifleiBai{>pi — ^in 
the  Gulf  Stream— on  the  coast  of  Iceland,  Spitzbergen,  and  Labrador---Snb- 
marine  forests — ^Example  on  coast  of  Hampshire — ^Mineralization  of  plants-^ 
Imbedding  of  marine  plants^-of  insects— of  reptiles — ^Bones  of  birds  why  rare 
— ^Imbedding  of  terrestrial  qaadmpeds  by  river  floods— Skeletons  in  i«Jent 
shell  marl— ^bedding  of  mammiferons  remains  Sn  marine  etrata. 

Division  of  thssubfeet-^H.AVino  treated  of  the  imbeddiog  of  organic 
remains  in  deposits  formed  upon  the  land,  I  shall  next  oonnder  tbo 
including  of  the  same  in  deposits  formed  under  water. 

It  will  be  convenient  to  <^vide  this  branch  of  our  subject  into  three 
parts ;  considering,  first,  the  Various  modes  whereby  the  rdics  of  terres-^ 
trial  species  may  be  buried  in  subaqueous  formations ;  secondly,  the 
modes  whereby  animals  and  plants  inhabittng  freth  water  may  be  so 
entombed ;  thirdly,  how  tnanflie  species  may  become  preserved  in  new 
strata. 

The  phenomena  above  enumerated  demand  a  fuller  share  of  attention 
than  those  previously  examined,  since  the  deposits  which  originate  upon 
dry  land  are  insignificant  in  thickness,  superficial  extent,  and  durability, 
when  contrasted  with  those  of  subaqueous  origin.  At  the  same  time, 
the  study  oi  the  latter  is  beset  with  greater  difficulties ;  for  we  are  here 
concerned  with  the  results  of  processes  much  farther  removed  firom  the 
sphere  of  ordinary  observation.  There  is,  indeed^  no  circumstance 
which  so  seriously  impedes  the  acquisition  of  just  views  in  our  science 
as  An  habitual  disregard  of  the  important  fact,  that  the  reproductive 
effects  bf  the  principal  agents  of  change  are  confined  to  another 
element— to  that  laiger  portion  of  the  globe,  froin  which  by  our  veiy 
organisation  we  are  almost  entirely  excluded.* 

Imbedding  of  Terreftrial  Plants, 

When  a  tree  falls  into  a  river  from  the  undermining  of  the  bonks  or 
fipom  being  washed  in  by  a  torrent  or  fiood,  it  floats  on  th<9  surfiice,  not 
because  the  woody  portion  is  specifically  lighter  than  water,  but  because 
it  is  full  of  pores  containing  air.  When  soaked  for  a  considerable  time, 
the  water  makes  its  way  into  these  pores,  and  the  wood  becomes  water- 
logged  and  sinks.  The  time  required  for  this  process  varies  in  different 
woods ;  but  several  kinds  may  be  drifted  to  great  distances,  sometimes 
across  the  ocean,  before  they  lose  their  buoyancy. 

*  See  above,  p.  67. 
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Wood  sunk  to  a  great  depth  in  the  eea. — ^If  wood  be  sunk  to  vast 
d^thfl  in  the  sea,  it  inay  be  impregnated  mih  water  suddenly.  Captain 
Scoresby  informs  ns,  in  bis  Account  of  the  Arctic  Regions,  that  on  one 
occasion  a  whale,  on  being  harpooned,  ran  oat  all  the  lines  in  the  boat^ 
which  it  then  dni^(ged  under  water,  to  the  depth  of  several  thousand  feet^ 
the  men  having  just  time  to  escape  to  a  piece  of  ice. .  When  the  fish 
returned  to  the  surfiMse  *'to  blow,"  it  was  struck  a  second  time,  and  soon 
afterwards  killed.  The  moment  it  expired  it  began  to  sink, — an  unusual 
circumstance,  which  was  found  to  be  caused  by  the  weight  of  the  sunken 
boat)  which  BtiU  remained  attached  to  it  By  means  of  harpoons  and  ropes 
the  fish  was  prevented  fixon  sinking,  until  it  was  released  from  the  weight 
by  connecting  a  rope  to  the  lines  of  the  attached  boat>  which  was  no 
sooner  done  than  ihe  fish  rose  again  to  the  sui&oe.  The  sunken  boat 
was  then  hauled  up  with  great  labor ;  for  so  heavy  was  iti  that  although 
before  the  accident  it  would  have  been  buoyant  when  full  of  water,  yet 
it  now  required  a  boat  at  each  end  to  keep  it  from  sinking.  ''  When  it 
was  hoisted  into  the  ship,  the  paint  came  off  the  wood  in  large  sheets ; 
.and  the  planks,  which  were  of  wainscot,  were  as  completely  soaked  in 
every  pore  as  if  they  had  Iain  at  the  bottom  of  the  sea  since  the  flood  I 
A  wooden  apparatus  that  accompanied  the  boat  in  its  progress  through 
the  deep,  consisting  chiefly  of  a  piece  of  thick  deal,  about  fifteen  inches 
square^  happened  to  fall  overboard,  and,  though  it  originally  consisted  of 
the  lightest  fir,  sank  in  the  water  like  a  stone.  The  boat  was  rendered 
useless ;  ev^  the  wood  of  which  it  was  built^  on  being  offered  to  the 
cook  for  fuel,  was  tried  and  rejected  as  incombustible."* 

Captain  Scoresby  found  that,  by  sinking  pieces  of  fir,  elm,  ash,  ke^  to 
the  depth  of  four  thousand  and  sometimes  six  thousand  feet,  they  became 
impregnated  with  sea-water,  and  when  drawn  up  again,  after  immersion 
for  an  hour,  would  no  longer  float  The  effect  of  this  impregnation  was 
to  increase  the  dimensions  as  well  as  the  specific  gravity  of  the  wood, 
every  solid  inch  having  increased  One-twentieth  in  size  and  twenty-one 
twenty-fifths  in  weight  f 

Drift-wood  of  the  Mackenzie  River, — ^When  timber  is  drifted  down 
by  a  river,  it  is  often  arrested  by  lakes ;  and,  becoming  water-logged,  it 
may  sink  and  be  imbedded  in  lacustrine  strata,  if  any  be  there  forming ; 
sometimes  a  portion  floats  on  till  it  reaches  the  sea.  In  the  course  of 
the  Mackenzie  River  we  have  an  example  ci  vast  accumulations  of  vege- 
table matter  now  in  progress  under  both  these  circumstances. 

In  Slave  Lake  in  particular,  which  vies  in  dimensions  with  some  of  the 
great  firesh-water  seas  of  Canada,  the  quantity  of  drift-timber  brought 
down  annually  is  enormous.  "  As  the  trees,^  says  Dr.  Richardson, 
^retun  their  roots,  which  are  often  loaded  with  earth  and  stones,  they 
readily  sink,  especially  when  water«oaked;  and,  accumulating  in  the 
eddies,  form  shoals,  which  ultimately  augment  into  islands.  A  thicket 
of  small  willows  covers  the  new-formed  island  as  soon  as  it  appears 

*AD60iiiitcf  theAjrctieB«gi<nu^  voLiip.  198.  tIbid.p.SOa. 
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nboTO  water,  and  their  fibrons  rooU  serve  to  bind  the  whole  firmly 
together.  Sections  of  these  islands  are  annually  made  bj  the  river, 
assisted  by  the  frost ;  and  it  is  interesting  to  study  the  diversity  of  appeal^ 
ances  they  present,  according  to  their  different  ages.  The  trunks  of  the 
trees  gradually  decay  untQ  they  are  converted  into  a  blackish  brown 
substance  resemblmg  peat,  but  which  still  retains  more  or  less  of  the 
fibrous  structure  of  the  wood ;  and  layers  of  this  often  alternate  with  lay- 
ers of  clay  and  sand,  the  whole  being  penetrated,  to  the  depth  of  four  or 
five  yards  or  more,  by  the  long  fibrous  roots  of  the  willows.  A  deposition 
of  this  kind,  with  tiie  aid  of  a  little  infiltration  of  bituminous  matter, 
would  produce  an  excellent  imitation  of  coal,  with  vegetable  impressions 
of  the  willow-roots.  What  appeared  most  remarkable  was  the  horizontal 
slaty  structure  that  the  old  alluvial  banks  presented,  or  the  regtdoar  curve 
that  the  strata  assumed  from  unequal  subsidence. 

^  It  was  in  the  rivers  only  that  we  could  observe  sections  of  ihese 
deposits ;  but  the  same  operation  goes  on,  on  a  much  more  magnificent 
scale,  in  the  lakes.  A  shoal  of  many  miles  in  extent  is  formed  on  the 
south  side  of  Athabasca  Lake,  by  the  drift-timber  and  vegetable  debris* 
brought  down  by  the  Elk  River ;  and  the  Slave  Lake  itself  must  in 
process  of  time  be  filled  up  by  matters  daily  conveyed  into  it  from  Slave 
River.  Vast  quantities  of  drift-timber  are  buried  under  the  sand  at  the 
mouth  of  the  river,  and  enormous  piles  of  it  are  accumulated  on  the 
shores  of  every  part  of  the  lake."  * 

The  banks  of  the  Mackenzie  display  almost  everywhere  horizontal 
beds  of  wood  coal,  alternating  with  bituminous  clay,  gravel,  sand,  and 
friable  sandstone ;  sections,  in  short,  of  such  deposits  as  are  now  evi- 
dently forming  at  the  bottom  of  the  lakes  which  it  traverses. 

Notwithstanding  the  vast  forests  intercepted  by  the  lakes,  a  still 
greater  mass  of  drift-wood  is  found  where  the  Mackenzie  reaches  the 
sea,  in  a  latitude  where  no  wood  grows  at  present  except  a  few  stunted 
willows.  At  the  mouths  of  the  river  the  alluvial  matter  has  formed  a 
barrier  of  islands  and  shoals,  where  we  may  expect  a  great  formation 
of  coal  at  some  distant  period. 

The  abundance  of  floating  timber  on  the  Mackenzie  is  owing,  as  Dr. 
Richardson  informs  me,  to  the  direction  and  to  the  length  of  the  course 
of  this  river,  which  runs  from  south  to  north,  so  that  the  sources  of  the 
stream  lie  in  much  warmer  latitudes  than  its  mouths.  In  the  country, 
therefore,  where  the  sources  are  situated,  the  frost  breaks  up  at  an 
earlier  season,  while  yet  the  waters  in  the  lower  part  of  its  course  are 
ice-bound.  Hence  the  current  of  water,  rushing  down  northward, 
reaches  a  point  where  the  thaw  has  not  begun,  and,  finding  the  chan- 
nel of  the  river  blocked  up  with  ice,  it  overflows  the  banks,  sweeping 
through  forests  of  pines,  and  carrying  away  thousands  of  uprooted  trees. 

Drift-timber  an  coasts  of  Iceland^  Spitxhergen^  d:e, — ^The  ancient 
forests  of  Iceland,  observes  Malte-Brun,  have  been  improvidently  exhausted ; 

*  Dr.  Richftrdson's  Geognost  Obs.  on  Oapt  EranUm^e  Polar  Expedition. 
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but^  although  the  Icelander  can  obtain  no  timber  from  theknd,  he  is  anj^ 
plied  with  it  abundantly  by  the  oksean.  An  immense  quantity  of  thick 
trunks  of  pines,  firs,  and  otiier  trees,  are  thrown  upon  the  nordiem  coast 
of  the  island,  especially  upon  the  North  Cape  and  Gape  Langaness,  and 
are  then  carried  by  the  waves  along  these  two  promontories  to  other  parts 
of  the  coast,  so  as  to  afford  sufficiency  of  wood  for  fuel  and  for  construct- 
ing boats.  Umber  is  also  carried  to  the  shores  of  Labrador  and  Green- 
land ;  and  Crantz  assures  us  that  the  masses  of  floating  wood  thrown  by  the 
waves  upon  the  island  of  John  de  Mayen  often  equal  the  whole  of  that 
island  in  extent* 

In  a  similar  manner  the  bays  of  Spitsbergen  are  filled  with  driftrwood, 
which  accumulates  also  upon  those  parts  of  the  coast  of  Siberia  that  are 
exposed  to  the  east,  consisting  of  larch  trees,  pines,  Siberian  cedars,  firs^ 
and  Pemambuco  and  Campeachy  woods.  These  trunks  appear  to  have 
been  swept  away  by  the  great  rivers  of  Asia  and  America.  Some  of  them 
are  brought  from  the  Gulf  of  Mexico  by  the  Bahama  stream ;  while 
others  are  hurried  forward  by  the  current  which,  to  the  north  of  Siberia, 
•constantly  sets  in  from  east  to  west  Some  of  those  trees  have  been  de- 
prived of  their  bark  by  friction,  but  are  in  such  a  state  of  preservation  as 
to  form  excellent  building  timber.f  Parts  of  the  branches  and  almost  all 
the  roots  remain  fixed  to  the  pines  which  have  been  drifi:ed  into  the  North 
Sea,  into  latitudes  too  cold  for  the  growth  of  such  timber,  but  the  trunks 
are  usually  barked. 

The  leaves  and  lighter  parts  of  plants  are  seldom  carried  out  to  sea,  in 
any  part  of  the  globe,  except  during  tropical  hunicanes  among  islands^ 
and  during  the  agitations  of  the  atmosphere  which  sometimes  accompany 
earthquakes  and  volcanic  eruptions. 

Comparative  number  of  living  andfMHHeed  species  of  plants, — ^It  will 
appear  from  these  observations  that,  although  the  remains  of  terrestrial 
vegetation,  borne  down  by  aqueous  causes  from  the  land,  are  chiefly  depo- 
fflted  at  the  bottom  of  lakes  or  at  the  mouths  of  rivers,  yet  a  considera- 
ble  quantity  is  drifted  about  in  all  directions  by  currents,  and  may  become 
imbedded  in  any  marine  formation,  or  may  sink  down,  when  water-logged, 
to  the  bottom  of  un&thomable  abysses,  and  there  accumulate  without  inter- 
mixture with  other  substances. 

It  may  be  asked  whether  we  have  any  data  for  inferring  that  the 
remains  of  a  considerable  proportion  of  the  existing  species  of  plants  will 
be  permanently,  preserved,  so  as  to  be  hereafiier  rec(^izable,  supposing 
the  strata  now  in  progress  to  be  at  some  future  period  upraised  f  To  this 
inquiry  it  may  be  answered,  that  there  are  no  reasons  for  expecting  that 
more  than  a  small  number  of  the  plants  now  flourishing  in  the  globe  wiH 
become  fossilized ;  since  the  entire,  habitations  of  a  great  number  of  them 
are  remote  from  lakes  and  seas,  and  even  where  they  grow  near  to  large 
bodies  of  water,  the  circumstances  are  quite  accidental  and  partial  which 

♦  Mftlte-Brun,  Geog.,  yoL  v.  part  1.  p.  112.— Branta^  Hiat  of  Greenland,  torn. 
L  pp.  68,  54^  ,  . . 

t  Olafcen,  Voyage  to  Iceland,  torn,  i— Malte-Bnm'a  Geog.,  yoL  v.  part  l  p.  112. 
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&T«r<tlieiiiibdddmgi»]boeB86rratioinofveget^^  Suppose,  fiai 

exaapia,  that  tibe  flpMi«B  of  plant*  iniiabithig  the  hydiDgn^bkal*  baain 
of  tbeBhk0,  or  ihat  vegioBi  eKteadiog  from  tha  Alps  to  the  sea,  wfaidi  is 
watered  bjlhaRhiaeand its aQUMrouB  try>uftaiiee^  to  beabout  2600  in 
Bomber^  exdnsive  of  the  «iy^9togam]6claK»  lluaeitisiateia.byaoiiieaM 
exaggerated ;  yet  if  a  get^ogut  coald  explore  ihe  depoeite  which  ha^e 
reenlted  from  the  aedimeiil  of  ihe  Rhine  in  the  Lake  of  Gonatanoc^  and 
off  the  eoart  of  HoUand,  he  oonld  searoely  expect  to  obtain  from  the 
recent  strata  the  leaves,  wood^  and  seeds  of  ^Xyapeoies  in.  sneh  a  stale 
of  presenration  as  to  enable  a  botanist  to  determine  their,  apeoifio  charac- 
ters with  certainty. 

ThcaenatnraliBlB,  therefore,  who  infer  that  the  ancient  flora  of  thegiobe 
waB^atcertain  periods^  leas  Taried  than  now^ merely  became  they  haye 
as  yet  discovered  only  a  few  hundred*  fossil  species  of  a  paiticalar  epoch, 
while  they  can  «namerate  mors  than  one  faondred  thousand  living  ones^ 
are  reasoning  on  a  frlse  basis,  and  their  standard  of  oomparisoB  is  not  the 
same  in  the  two  cases. 

8ubmariu€fareitt  on  coast  9f  BanU. — ^We  have  already  seen  that  the 
aabmarine  position  of  seversl  forests,  or  the  remains  of  trees  standing  in  a 
vertical  posilaon  on  the  British  shores,  has  been  due,  in  some  instances^ 
to  the  subsidence  of  land.*  There  are  some  cases  which  require  a  differ- 
ent explanation.  My  friend,  Mr.  Charles  Hairia,  disoovered,  in  16ai,  evi- 
dent traces  of  a  fir-wood  beneath  the  mean  level  of  the  sea,  at  Bouxnmouih, 
in  Han^pshire,  the  formatifA  having  been  hiid  open  during  a  low  spring 
tide.  It  iacon^iosedof  peat  and  wood,and  is  situated  between  the  beach 
and  a  bar  of  sand  about  200  yards  oS,  and  extends  fifty  yaida  along  the 
shore.  It  also  lies  in  the  direct  line  of  the  Boummouth  Valley,  from  the 
tennination  of  which  it  is  separated  by  200  yards  oi  shingle  and  drift- 
sand*  Down  the  valley  flows  a  laige  brook,  traversing  near  its  mouth  a 
^oosiderabletiact  of  rough,  boggy,  and  heathy  ground,  whi(di  produces  a 
&w  birch-trees,  and  a  great  abundance  of  the  Myrka  gdU.  Seven<y-«x 
lii^  of  annual  growth  were  counted  in  a  transverse  section  of  one  of  the 
•buried  fir^rees,  which  was  fourteen  inches  in  diameter.  Besides  the 
stumps  and  roots  of  fir,  ]Neces  of  alder  and  birch  are  found  in  the  peat; 
and  it  is  a  curious  fact,  that  a  part  of  many  of  the  trees  have  beeo  oon- 
rerted  into  iron  pyrites.  The  peat  lests  on  pebbly  strata,  precisely  similar 
to  the  sand  and  pebbles  occurring  on  the  adjoining  heaths. 

As  the  sea  is  encvoaching  on  this  shore,  we  may  suppoee  that  at  some 
icmner  period  the  Bourne  Valley  extended  fsrther,  and  that  itswrtiemily 
consisted,  as  at  present,  of  bo^  ground,  partly  clothed  with  fir^rees. 
The  bog  rested  on  that  bed  of  pebbles  which  we  now  see  below  the 
peat  \.  and  the  sea,  in  its  progressive  encroachments,  eventually  laid  bare, 
at  low  water,  the  sandy  foundations ;  upon  whidi  a  stream  61  fresh 
water,  rashing  through  the  sand  at  the  faU  of  the  tides,  earned  out  loose 
sand  with  it    The  super-stratum  of  vegetable  matter,  being  matted  and 

•  See  aboTe,  pp,  808  and  828. 
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bound  together  by  tbe  roots  of  trees^  remained ;  but  being  undermined, 
sank  down  below- the  level  ol  the  sea,  and  the&  the  Waves  washed  sand 
and  shingle  over  it  In  support  of  this  hypothesis,  it  may  be  observed, 
that  small^streatM  of  fresh  w«te>  often  pass  undeir  the  saad«  of>  the  tea- 
beaeh,  so  that  they  may  be  erossed  dry-«hod ;  and  the  water  via  seen,  at 
the  point  whore  it  issues, -to  oarry  out  sand  and  even  pebbles. 

MineralmtHcn  ^/^Icirfito.— ^Although  the  botanist  and  chemist  have 
as  yet  been  unaMe  to-erpkin  fuUy  the  manner  in  whioh  wood  beeomes 
petrified,  it  is  neverthdess  asoertained  that^  udder  iavorable  circum- 
etancesithe  lapidifying  poeess  is  now  continually  going  on.  A  pieoe 
of  wood  was  lately  procmred  by  Mr.  Stokes,  from  an  ancient  Roman 
aqueduct  in  Westphaha^  in  whioh  some  portions  wese  oo&verted  into 
spindle^haped  bodies,  consisting  of  eatrbonate  of  lime,  while  the  test  of 
the  wood  remain^  in  a  comparatively  unchanged  state.^  It  appears 
that  in  some  eases  the  most  •  periiAiable,  in  others  the  most  durable, 
portions  of  plants  are  preserved,  variations  which  doubtless  depend  on 
the  time  when  the  mineral  matter  was  supplied.  If  introduced  imme- 
diately, on  the  first  commencement  of  decomposition,  then  the  most 
destructible  parts  are  lapidified,  while  the  more  durable  do  not  waste 
away  till  afterwards,  when  the  supply  has  failed,  and  so  never  become 
petrified.  The  converse  of  these  circumstances  gives  rise  to  exactly 
opposite  results. 

Professor  GOppert,  of  Breslau,  has  instituted  a  series  of  curious 
experiments,  in  which  he  has  succeeded  in  producing  some  very  remark- 
able imitations  of  fossil  petrifactions.  He  placed  recent  ferns  between 
soft  layers  of  day^  dried  these  in  the  shade,  and  then  slowly  attd 
graduidly  heated  ^em,  till  they  were  red-^hot.  The  result  was  the 
production  of  so  perfect  a  counterpart  of  fossil  plants  as  might  have 
deceived  an  experienced  geologist  According  to  the  difR&rent  degrees 
of  heat  ap^ied,  the  plants  were  obtained  in  a  brown  or  perfectly  car 
bonized  condition ;  and'  sometimes,  but  more  rarely,  they  were  in  a  black 
shining  state,  adhering  closely  to  the  layer  of  clay.  If  the  red  heat 
was  sustained  until  all  the  oi^nio  matter  was  burnt  up,  only  an 
impression  of  the  plant  remained. 

The  same  chemist  steeped  plants  in  a  moderately  strong  solution  of 
sulphate  of  iron,  and  left  them  immersed  in  it  for  several  days,  until 
they  were  thoroughly  soaked  in  the  liquid.  They  were  dien  dried,  and 
kept  heated  until  they  would  no  longer  shrink  in  volume,  and  until 
every  trace  of  organic  matter  had  diuappeared.  On  cooling  them  he 
found  that  the  oxide  formed  by  tiiis  process  had  taken  the  form  of  the 
plants.  A  variety  of  other  experiments  were  made  by  steeping  animal 
and  vegetable  substances  in  siliceous,  calcareous,  and  metallic  solutions, 
and  all  tended  to  prove  that  the  mineralization  of  organic  bodies  can  be 
carried  much  farther  in  a  short  time  than  had  been  previously  supposed-f 

*  GeoL  Trans.,  seoond  series^  vol  v.  p.  212.  ^^  ,  ...        _^ 

t  Goppert^  PoggendorflTs  Annalen  der  Physik  xaA  Chemie,  vol.  «ivixl  part 
iv.,  Leipsic,  188S.    See  also  Lyell*s  Manual  of  GedL,  p.  40. 
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Imbedding  of  the  Bemahu  of  Insects. 

I  hare  obserred  the  elytra  and  other  parts  of  beetles  in  a  band  of 
fissile  claj,  separating  two  beds  of  recent  sheli-marl,  in  tbe  Loch  of 
Einnordy  in  Forfarshire.  Amongst  these,  Mr.  Curtis  recognized  JSlator 
limatus  and  Atqpa  cervinOj  species  still  living  in  Scotland.  These,  as 
well  as  other  remains  which  accompanied  them,  appear  to  belong  to 
terrestrial,  not  aquatic  species,  and  must  have  been  carried  down  in 
muddy  water  during  an  inundation.  In  the  lacnstrme  peat  of  the  same 
locality,  the  elytra  of  beetles  are  not  uncommon ;  but  in  the  deposits 
of  drained  lakes  generally,  and  in  the  silt  of  our  estuaries,  the  relics  of 
this  class  of  the  animal  kingdom  are  rare.  In  the  blue  clay  of  very 
modem  origin  of  Lewes  levels.  Dr.  Mantell  has  found  the  Liduaia,  or 
cases  of  the  larvsB  of  Phryganea,  in  abundance,  with  minute  shells 
belonging  to  the  genera  Planorbis,  Limnea,  di^c.,  adhering  to  them.* 

When  speaking  of  the  migrations  of  insects,  I  pointed  out  that  an 
immense  number  are  floated  into  lakes  and  seas  by  rivers,  or  blown  by 
winds  &r  from  the  land ;  but  they  are  so  buoyant  that  we  can  only  aup« 
pose  them,  under  very  peculiar  circumstances,  to  sink  to  the  bottom 
before  they  are  either  devoured  by  insectivorous  animals  or  decomposed* 

Remains  of  BeptUes, 

As  the  bodies  of  several  crocodiles  were  found  in  the  mud  brought 
down  to  the  sea  by  the  river  inundation  which  attended  an  earthquake 
in  Java,  in  the  year  1099,  we  may  imagine  that  extraordinary  floods 
of  mud  may  stifle  many  individuals  of  the  shoals  of  alligators  and  other 
reptiles  which  frequent  lakes  and  the  deltas  of  rivers  in  tropical  climates. 
Thousands  of  frogs  were  found  leaping  about  among  the  wreck,  carried 
into  the  sea  by  the  inundations  in  Morayshire,  in  1829  ;f  and  it  is 
evident  that  whenever  a  sea-cliff  is  undermined,  or  land  is  swept  by 
other  violent  causes  into  the  sea,  land  reptiles  may  be  carried  in. 

Remains  of  Birds. 

We  might  have  anticipated  that  the  imbedding  of  the  remains  of  birds 
in  new  strata  would  be  of  very  rare  occuirence ;  for  their  powers  of  flight 
insure  them  against  perishing  by  numerous  casualtaes  to  which  quadrupeds 
are  exposed  during  floods ;  and  if  they  chance  to  be  drowned,  or  to  die 
when  swimming  on  the  water,  it  will  scarcely  ever  happen  that  they  will 
be  submerged  so  as  to  become  preserved  in  sedimentary  deposits  In 
consequence  of  the  hollow  tubular  structure  of  their .  bones  and  the 
quantity  of  their  feathers,  they  are  extremely  light  in  proportion  to  their 
volume;  so  that  when  first  Idlled  they  do  not  sink  to  the  bottom  like 

*  TVans.  GeoL  Soc,  vol  iii.  part  L  p.  201,  seoond  seriaa. 
t  Sir  T.  D.  Lftuder^s  Aoconnt,  2d.  ed.,  p.  812. 
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quadrapeda^  but  float  on  the  suifiice  until  the  carcass  either  rota  awaj  or 
is  devoured  by  predaceous  animals.  To  these  causes  we  may  ascribe  the 
absence  of  any  vestige  of  the  bones  of  birds  in  the  recent  marl  fonnationa 
of  Scotland;  although  these  lakes,  until  the  moment  when  they  were 
artifioiaUy  drained,  were  frequented  by  a  great  abundance  of  waterfowl 


Imbedding  of  Ikrreiirial  Qitadrupedi. 

River  innndationa  recur  in  most  dimatea  at  veiy  irregular  intervals, 
and  expend  their  fury  on  those  rich  alluvial  plains  where  herda  of  herbi- 
vorous quadrupeds  congregate  together.  These  animals  are  often  sur- 
prised ;  and,  being  unable  to  stem  the  current,  are  hurried  along  until 
they  are  drowned,  when  they  unk  at  fiist  immediately  to  the  bottom. 
Here  their  bodies  are  drifted  along,  together  with  sediment,  into  bkes  cr 
seas,  and  may  then  be  covered  by  a  mass  <^  mud,  sand,  and  pebbles^ 
thrown  down  upon  them.  If  there  be  no  sediment  superimposed,  the 
gases  generated  by  putrefaction  usually  cause  the  bodies  to  rise  again  to 
the  sui&ce  about  theninth,or  at  Litest  the  fourteenth  day.  The  pressure 
of  a  thin  covering  of  mud  would  not  be  suffident  to  retain  them  at  the 
bottom ;  for  we  see  the  putrid  carcasses  of  dogs  and  cats,  even  in  rivers, 
floating  with  considerable  weights  attached  to  them,  and  in  sea-water  they 
would  be  still  more  buoyant 

Where  the  body  is  so  buried  in  drift  sand,  or  mud  accumulated  upon 
it,  as  never  to  rise  again,  the  skeleton  may  be  preserved  entire;  but  if  it 
comes  again  to  the  surfiaice  while  in  the  process  of  putre&ction,  the  bonea 
commonly  M  piecemeal  from  the  floating  carcass,  and  may  in  that  case 
be  scattered  at  random  over  the  bottom  of  the  lake,  estuary,  or  sea;  so 
that  a  jaw  may  afterwards  be  found  in  one  place,  a  rib  in  another,  a 
humerus  in  a  third — all  included,  perhaps,  in  a  matrix  of  fine  materials, 
where  there  may  be  evidence  of  slight  transporting  power  in  the  current, 
or  even  of  none,  but  simply  of  some  chemical  precipitate. 

A  huge  number  of  the  bodies  of  drowned  animals,  if  they  float  into 
the  sea  o.  a  lake,  especially  in  hot  climates,  are  instantly  devoured  by 
sharks,  alligators,  and  other  carnivorous  beasts,  which  may  have  power 
to  digest  even  the  bones;  but  during  extraordinary  floods,  when  the 
greatest  number  of  land  animals  are  destroyed,  the  waters  are  commonly 
so  turbid,  especially  at  the  bottom  of  the  channel,  that  even  aquatic  spe- 
cies are  compelled  to  escape  into  some  retreat  where  there  is  clearer  water, 
lest  they  should  be  stifled.  For  this  reason,  as  well  as  the  rapidity  of 
sedimentary  deposition  at  such  seasons,  the  probability  oi  carcasses 
becoming  permanently  imbedded  is  considerable. 

Flood  in  the  Solway  Firth,  1794.— One  of  the  most  memorable 
floods  of  modem  date,  in  our  island,  is  that  which  visited  part  of  the 
southern  borders  of  Scotland,  on  the  24th  of  January,  1794,  and  which 
spread  particular  devastation  over  the  country  adjoining  the  Solway 
Firth. 
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We iesfti  ftom  the  aoeoont  of  Oaptadn  Napiei,/tluii  the  hwrytrnm 
had  swollen  eveiy-streem  whidi  entered  the  Flith  of  Solwaj ;  eo  that 
the  inundation  not  only  oanied  away  a  great  number  of  oatde  and  ^leep^ 
bnt  many  <tf  die  heidamen  and  ahepheidii  waahii^  down  their  bodies 
into  the  estnaiy.  After  the  slonn,  when  the  flood  saMded,  an  extiaoidi- 
naiy  spectacle  was  seen  on  a  laige  sand-bank  called  "the  beds  of  EBk,** 
where  there  is  a  meeting  of  the  tidal  waters,  and  where  heavy  bodies  are 
usually  left  stranded  after  great  floodi.  'On  this  single  bank  were  found 
collected  together  the  bodies  of  9  black  cattle,  3  horseB^  1840  sheep, 
45  dogs,  180  hares,  besides  a  great  number  of  smaller  animal%  and, 
mingled  with  the  rest,  the  ooipees  of  two  men  and  one  woman.^ 

Floodi  t»  SeoUand^  1820.^In  those  more  recent  floods  in  Scodaod^ 
in  August,  1830,  whereby  a  fotale  distriet  on  the  east  coast  became  a 
sciane  of  ^dreadful  deedation,  a  vast  nomber  of  animals  and  plants 
were  washed  from  the  land,  and  found  scattered  about  aAw  the^  storav 
around  the  mouths  of  the  principal  tiven.  An  eye-witness  thus 
describes  the  scene  which  presented  itself  at  the  month  of  the  Spej, 
in  Morayshire  !--*<' For  several'  miles  along  the  beach  crowds  were 
employed  in  endeavoring  to  save  flie  wood  and  other  wreck  with  whkk 
the  heaTy^ToUing  tide  was  loaded;  wkilstthe  maigm-of  tiie^sea  was 
strewed  with  the  carcasses  of  domestic  animab^  and  widi  saillionsof 
dead  hares  and  rabbits."  f 

Savannah$  of  South  AmeriecL, — ^We  are  informed  by  Humboldti 
that  during  the  periodical  swellings  of  the  large  riven  in  South  America 
great  numbers  of  quadrupeds  are  annually  drowned.  Of  ^e  wild 
horses,  for  example,  which  graie  in  immense  troops  in  the  savannahs, 
thousands  are  said  to  perish  when  the  river  Apars,  a  tributary  of  the 
Orinoco,  is  swollen,  before  they  have  time  to  reach  the  rising  ground 
of  the  Llanos.  The  mares,  during  the  season  ct  high  water,  may  be 
seen,  followed  by  their  colts,  swimming  about  and  feeding  on  the  grass, 
of  which  the  top  alone  waves  above  the  waten.  In  this  state  they  are 
pursued  by  crocodiles;  and  their  thighs  frequently  bear  the  prints  of 
the  teeth  of  these  carnivorous  reptiles.  "Such* is  the  pliability," 
observes  the  celebrated  traveller,  '*of  the  organiaation  of  the  auiniab 
which  man  has  subjected  to  his  sway^  that  horses,  cows,  and  other  spe- 
cies of  European  origin,  lead,  for  a  time,  an  amphibious  life,  surronaded 
by  crocodiles,  wate^eerpents,  and  manatees.  ,  When  the  riven  return 
again  into  their  beds,  they  roam  in  the  savannah,  which  is  then  spread 
over  with  a  fine  odoriferous  grass,  and  enjoy,  as  in  their  native  <dimate, 
the  renewed  vegetation  of  spring.^  | 

Floods  of  the  Parana, — ^The  great  number  of  animals  which  are 
drowned  in  seasons  of  dreught  in  the  tributaries  of  the  Plata,  w«s  before 
mentioned.  Sir  W.  Parish  states,  that  the  Parana,  flowing-  from  the 
mountains  of  Brazil  to  the  estuaiy  of  the  Pkta,  is  liable  to  great  floodi^ 

*  TVestise  oa  Preetl«al  8tore  Ftrmiiig;  ik  86. 

{Sir  T.  D.  Lander's  Floods  in  MorayBhire^  18S9 ;  and  abov«^  p  19«. 
Humboldt's  Pen.  Nsr.,  yoL  It.  p^  894 
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and  during  oneof  theee^  in  the  year  1812,  VAst  quantitiet  of  eatde  w«ie 
oairied'awayj  ''and  when-  the  wate»  began  to  subside,  and  the  islandt' 
which  they  had  covered  became  again  visible,  the  whole  atmoephere. 
fer  a^me  was  poisoned  by  the  effluvia  from  the  innmneorable  caroasses 
of  skunks,  capybaias,  tigers,  and  other  ^d  beasts  whioh  had  been 
dnwmed/** 

Flood9  of  the  6<im^^— We  find  it  continually  stated,  by  those  who 
describe  ^e  Ganges  and  Burrampooter,  that  these  livers  cany  before 
them,  during  ^e  flood  season,  not  only  fioato  of  leeds  and  timber^  but 
dead  bodies  of  men,  deer,  and  oxen.f    •    ^ 

In  Jawiy  1690. — ^I  have  idreadynferred  to  the  effectsof  aflood  wh^h 
attended  an  earthquake  in  Java  in*  1609,  when  tho  tutbid  waters  of  the 
Batavian  river  destroyed  all  the  Ml  except  the  carp ;  and  jthBn  drowned 
buffaloes,  tigers^  rhkioeeioses,  deer,  apes^  aaid  otiier  wild  beasts,  wefe 
brought  down  to  the  scMHwast  by  the  ounrent,  with  aereral  orooodiks^ 
which  had  been  stifled  in  the  mud.    (See  aix>ve,  p.  5^08.) 

On  the  werten»«ide  of  the  same  ii^nd,  in  th&territoiy  of  Galongoon, 
in  the  Regencies,  a  more  recent  voloanio  eruption  (that  of  .1822,  before 
described)  (see  above,  p.  431)  was  attended  by  a  flood,  during.which  the 
river  Tandoi  bore  down  hnndreds  of  oarcaases.of  thinocerosss  and  buffiir 
Iocs,  and  swept  away  mere  than  one  hundred  men  and  women  from  a 
multitude  assembled  on  its  banks  to  celebrate  a  festival*  Whether  the 
bodiee  reached  the  se%  or  were  deposited,  with  drift  matter,  in  eome.  large 
intervening  alluvial  plains,  we  are  notinfenued.^ 

jSftimaffaw-^'^On  thecoast of  Orissa,"  si^Heyxkes,  *^I  lu»re  seen  tigera 
and  whole  herds  of  blade  oattle  carried  along  by  what  are  called  fiwhesy 
and  trees  of  immense  size.'^ 

In  Vir^nia^  1771^-^  might. enumerate  a  great  number  of  loeal:de^. 
luges  that  have  swept  through  the  fertile  knds  bordering  on  large  river^ 
espedally  in  tropical  countries,  but  I  should  surpass  the  limits  assigned  to 
this  work.  I  may  observe,  however,  that  the  destruction  of  the  islands, 
in  rivers,  is  often  attended  with  great  loss  of  Hves.  Thus  when  the;  priiH 
cipal  river  in  Virj^nia  rose,  in  1771,  to  the  height  of  twenty-five  feet  above 
its  Mdinary  level,  it  awept  entirely  away  Elk  Island,  on  which  were  seven 
hmidred  head  of  quadrupeds, — ^horses^  ozen,.8heep,aBd  h<^^r^and  nearly, 
one  hundred  houses^l  > 

The  reader  will  gather,  from  what  was  before  said  respecting  the  depo- 
sition of  sediment  by  aqueous  causes,  that  the  greater  number  of  the 
remains  of  quadrupeds  drifted  away  by  riven  must  be  intercepted  by 
lakes  before  they  reach  the  sea,  or  buried  in  freshw%ter  formations  near 
the  mouths  of  rivers^  If  they  are  carried  still  farther,  the  probabilities 
are  inereased  of  their  rising  to  the  sui&ce  in  a  state  of  putrebctiQtt, 
and,  in  thai  ciiae>  of  being  there  devoured  by  aquatic  beasts  of. preyi  or  of 

•  Baenoe  Ayrw  and  U  Plata,  p.  187.    f  Malte-Bmn's  Geog^  vol  iil  p  22. 
X  This  aoooant  I  had  from  Mr.  Banmhaaei;  DireotorGeaeral  of  finaaess  in 
Java, 
g  Traeto  on  India,  p.  897.  |  Seote  Hag.,  vol  zzziii. 
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Babeiding  into  some  spots  wlii£her  no  sediment  is  oonyeyed,  and,  conse- 
quently, where  every  vestige  of  them  will,  in  the  course  of  lime,  disap- 
pear. 

Skeletons  of  animals  in  recent  shell-tnarl,  Scotland, — ^In  some  in- 
stances, the  skeletons  of  quadrupeds  are  met  with  abundantly  in  recent 
shdl-marls  in  Scotland,  where  we  cannot  suppose  them  to  have  be^i 
imbedded  by  the  action  of  rivers  or  floods.  They  all  belong  to  spedes 
which  now  inhabit,  or  are  known  to  have  been  indigenous  in  Scotland. 
The  remains  of  several  hundred  skeletons  have  been  procured  within  the 
last  century  from  five  or  six  small  lakes  in  For&nhire,  where  sheU-marl 
has  been  worked.  Those  of  the  stag  {Cenms  Elaphas)  are  most  nomo- 
lous;  and  if  the  others  be  arranged  in  the  order  of  their  rektive  abun- 
dance, they  will  nearly  follow  thus — ^the  ox,  the  boar,  the  horse,  the 
sheep,  the  dog,  the  hare,  the  fox,  the  wol^  and  the  cat  The  beaver  seema 
extremely  rare;  but  it  has  been  found  in  the  shell-marl  of  Lodi  Marlie,  in 
Perthshire,  and  in  the  parish  of  Edrom,  in  Berwickshire. 

In  the  greater  part  of  these  lake-deposits  there  are  no  signs  of  floods; 
and  the  expanse  of  water  was  originally  so  confined,  that  the  snudlest  <^ 
the  above-mentioned  quadrupeds  could  have  crossed,  by  swimming  from 
one  shore  to  the  other.  Deer,  and  such  species  as  take  readily  to  the 
water,  may  often  have  been  mired  in  trying  to  land,  where  the  bottom 
was  soft  and  quaggy,  and  in  their  efibrts  to  escape  may  have  plunged 
deeper  into  the  marly  bottom.  Some  individuals,  I  suspect^  of  different 
species,  have  Men  in  when  crossing  the  frozen  surface  in  winter;  lor 
nothing  can  be  more  treacherous  than  the  ice  when  covered  with  snow, 
in  consequence  of  the  springs,  which  are  numerous,  and  which,  retaining 
always  an  equal  temperature,  cause  the  ice,  in  certain  spots,  to  be  extremely 
thin,  while  in  every  other  part  of  the  lake  it  is  strong  enough  to  bear  the 
heaviest  weights. 

Mamndferous  remains  in  murine  strata, — ^As  the  bones  of  mammalia 
are  ofl;en  so  abundantly  preserved  in  peat,  and  such  lakes  as  have  just 
been  described,  the  encroachments  of  a  sea  upon  a  coast  may  sometimes 
throw  down  the  imbedded  skeletons,  so  that  they  may  be  canied  away 
by  tides  and  currents,  and  entombed  in  submarine  formations.  Some  of 
the  smaller  quadrupeds,  also,  which  burrow  in  the  ground,  as  well  as  r^ 
tiles  and  every  species  of  plant,  are  liable  to  be  cast  down  into  the  waves 
by  this  cause,  which  must  not  be  overlooked,  although  probably  of  com- 
paratively small  importance  amongst  the  numerous  agents  whereby  ter- 
restrial organic  remains  are  included  in  submarine  strata. 

During  the  great  earthquake  of  Conception  in  1885,  some  cattle, 
which  were  standing  on  the  steep  sides  of  the  ishmd  of  Qiuriquina,  were 
rolled  by  the  shock  into  the  sea,  while  on  a  low  island  at  the  head  of  the 
Bay  of  Conception  seventy  animals  were  washed  off  by  a  great  wave  and 
drowned.* 

*  Darwin's  JounuJ,  p.  8Y2.    2d  ed,  1846^  p.  S04 
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mmEDDIKO    OF    THE    REMAINS    OF    MAN    AND    HIS    WORKS    ZV 
SUBAQUEOUS    STRATA. 

I>riftiiig  of  hmnan  bodies  to  the  sea  by  river  inundations — ^Destruction  of  bridges 
and  houses— Loss  of  lives  by  shipwreck— How  human  corpses  may  be  pre- 
served in  recent  deposita— Number  of  wrecked  vessels— Fossil  skdetoss  of 
men— Fossil  canoci^  sbips^  and  works  of  art— Chemical  changes  which  metallic 
articles  have  undergone  after  long  submergence— embedding  of  cities  and 
forests  in  subaqueous  strata  by  subsidence— Earthquake  of  Cutch  in  1819 — 
Buried  Temples  of  Cashmere— Berkeley's  arguments  for  the  recent  date  of  the 
creation  of  man — Concluding  remarks. 

I  SHALL  now  proceed  to  inquiie  in  what  maimer  the  mortal  lemains  of 
man  and  the  workB  of  his  hands  may  be  permanently  preserved  in  sub* 
aqneons  strata.  Of  the  many  hundred  million  human  beings  whidi  perish 
in  the  course  of  every  century  on  the  land,  every  vestige  is  usually  de* 
stroyed  in  ihe  course  of  a  few  thousand  yean ;  but  of  the  smaller  number 
that  perish  in  the  waters,  a  certain  proportion  must  be  entombed  under 
drcumstances  that  may  enable  parts  of  Uiem  to  endure  throughout  entire 
geological  epochs. 

The  bodies  of  men,  together  with  those  of  the  inferior  animals,  are 
occasionally  washed  down  during  river  inundations  into  seas  and  lakes. 
(See  pp.  726 — 728.)  Belzoni  witnessed  a  flood  on  the  Nile  in  September, 
1818,  where,  although  the  river  rose  only  three  feet  and  a  half  above  its 
ordinary  level,  several  villages,  with  some  hundreds  of  men,  women,  and 
children,  were  swept  away.*  It  was  before  mentioned  that  a  rise  of  six 
feet  of  water  in  the  Ganges,  in  1703,  was  attended  with  a  mudi  greater 
loss  of  lives.    (See  above,  p.  278.) 

In  the  year  1771,  when  the  inundations  in  the  north  of  England 
appear  to  have  equalled  the  floods  of  Morayshire  m  1829,  a  great  num- 
ber of  houses  and  their  inhabitants  were  swept  awa^  by  the  rivers  Tyne, 
Can,  Wear,  Tees,  and  Greta;  and  no  less  than  twenty-one  bridges  were 
destroyed  in  the  courses  of  these  rivers.  At  the  village  of  ByweU  the 
flood  tore  the  dead  bodies  and  co£Sns  out  of  the  churchyard,  and  bore 
them  away,  together  with  many  of  the  living  inhabitants.  During  the 
same  tempest  an  immense  number  of  cattle,  horses,  and  sheep,  were  also 
transported  to  the  sea,  while  the  whole  coast  was  covered  with  the  wreck 
of  ships.  Four  centuries  before  (in  1338),  the  same  district  iiad  been 
visited  by  a  similar  continuance  of  heavy  rains,  followed  by  dissstaous 
floods,  and  it  is  not  improbable  that  these  catastrophes  may  recur  periodi- 
caDy,  though  at  uncertain  intervals.    As  the  population  increases,  and 

•  Karrative  of  Diseovery  m  E^jpt,  Ac,  London,  ISM. 
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buildings  and  bridges  are  multiplied^  we  must  expect  the  loss  of  lives  and 
property  to  augment*  / 

Fomluation  of  human  bodies  in  the  bed  rf  the  tea. — ^If  to  ^e  hun« 
dreds  of  human  bodies  committed  to  tbe  deep  in  the  way  <^  ordinaiy 
burial  we  add  those  of  individuals  lost  by  shipwreckB,  we  shall  find  that 
in  the  course  of  a  single  year,  a  great  number  of  human  remains  are  oon« 
signed  to  the  subaqueous  r^ons.  I  shall  hereafter  advert  to  a  caloiila- 
tion  by  which  it  appears  that  more  than  five  hundred  BriUsk  remek 
alone,  averagii^  each  a  burthen  of  about  120  tons^  are  wrecked,  and 
sink  to  the  bottom,  annually.  Of  these  the  crews  for  the  most  part 
escape,  although  it  sometimes  happens  that  all  perish.  In  one  great 
naval  action  several  thousand  individuals  sometimes  share  a  watery  grave. 

Many  of  these  corpses  are  instantly  devoured  by  predaceous  fish,  some- 
times before  they  reach  the  bottom ;  still  more  frequently  when  they 
rise  again  to  the  surface,  and  float  in  a  state  of  putrefaction.  Many 
decompose  on  the  floor  of  the  ocean,  where  no  sediment  is  thrown  down 
upon  them;  but  if  they  fall  upon  a  reef  where  corals  and  shells  are 
becoming  agglutinated  into  a  solid  rock,  or  subside  where  the  delta 
of  a  river  is  advandng,  they  may  be  preserved  for  an  incalculable  series 
of  ages. 

Often  at  the  distance  of  a  few  hundred  feet  from  a  coral  reef,  when 
wrecks  are  not  unfrequent,  there  are  no  soundings  at  the  dq>th  of  many 
hundred  fathoms.  Canoes,  merchant  venels,  and  ships  of  war,  may  have 
sunk  and  have  been  enveloped,  in  such  utuations,  in  calcareous  sand  and 
breccia,  detached  by  the  breakers  from  the  summit  of  a  submarine  moun- 
tain. Should  a  volcanic  eruption  happen  to  cover  such  remains  with 
ashes  and  sand,  and  a  current  of  lava  be  afterwards  poured  over  them, 
the  ships  and  human  skeletons  might  remain  uninjured  beneath  the 
superincumbent  mass,  like  the  houses  and  works  of  art  in  the  subter- 
ranean cities  of  Campania.  Alr^dy  many  human  remains  may  have 
been  thus  preserved  beneath  formations  more  than  a  thousand  feet  in 
thickness ;  for,  in  some  volcanic  archipelagoes,  a  period  of  thirty  or  forty 
centuries  might  well  be  supposed  sufficient  for  such  an  accumulation.  It 
'  was  stated,  that  at  the  distance  of  about  forty  miles  fiK>m  the  base  of  the 
delta  of  the  Ganges  there  is  an  elliptical  space  about  fifteen  miles  in 
diameter,  where  soundings  of  from  100  to  800  frithoms  sometimes  fail  to 
reach  the  bottom.  (See  above, p.  270.)  As  during  the  flood  season  the  quan- 
tity of  mud  and  sand  poured  by  the  great  rivers  into  the  Bay  of  Bengal 
is  so  great  that  the  sea  only  recovers  its  transparency  at  the  distance  of 
sixty  miles  firom  the  coast^  this  depression  must  be  gradually  shoaling, 
especially  as  during  the  monsoons,  the  sea  loaded  with  mud  and  sand,  is 
beaten  back  in  that  direction  towards  the  delta.  Now,  if  a  ship  or  hu- 
man body  sink  to  the  bottom  in  such  a  spot^  it  is  by  no  means  improbtb- 
ble  that  it  may  become  buried  under  a  depth  of  a  tiiouaand  feet  of  aedi« 
ment  m  the  same  number  of  years. 

«  Soota  Mag.,  voL  mnrili,  lilt 
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Eren  on  that  part  of  the  floor  of  the  ocean  to  which  no  acceflsion  of  drift 
matter  is  carried,  (a  part  which  probably  constitutea,  at  any  given  period, 
by  far  the  lazger  proportion  of  the  whole  submarine  area),  there  are  cir- 
cumstances accompanying  a  wreck  which  favor  the  conservation  of  skele- 
tons. For  when  the  vessel  fills  suddenly  with  water,  especially  in  the 
night,  many  persons  are  drowned  between  decks  and  in  their  cabins,  so 
that  their  bodies  are  prevented  from  rising  again  to  the  surface.  The 
vessel  often  strikes  upon  an  uneven  bottom,  and  I?  overturned;  in  which 
case  the  ballast,  consisting  of  sand,  shingle,  and  rock,  or  the  cargo,  fre- 
quently composed  of  heavy  and  durable  materials,  may  be  thrown  down 
upon  the  carcasses.  In  the  case  of  ships  of  war,  cannon,  shot,  and 
other  warlike  stores,  may  press  down  with  their  weight  the  timbers  of  the 
vessel  as  they  decay,  and  beneath  these  and  the  metallic  substances  the 
bones  of  man  may  be  preserved. 

Number  of  wrecked  vessels, — When  we  reflect  on  the  number  of  curi- 
ous monuments  consigned  to  the  bed  of  the  ocean  in  the  course  of  eveiy 
naval  war  from  the  earliest  times,  our  conceptions  are  greatly  raised 
respecting  the  multiplicity  of  lasting  memorials  which  man  is  leaving  of 
his  labors.  During  our  last  great  struggle  with  France,  thirty-two  of 
our  ships  of  the  line  went  to  the  bottom  in  the  space  of  twenty-two 
years,  besides  seven  50-gun  ships,  eightyndx  frigates,  and  a  multitude  of 
smaller  vessels.  The  navies  of  the  other  European  powers,  France,  Hol- 
land, Spain,  and  Denmark,  were  almost  annihilated  during  the  same 
period,  so  that  the  aggregate  of  their  losses  must  have  many  times 
exceeded  that  of  Great  Britain.  In  eveiy  one  of  these  ships  were  bat- 
teries of  cannon  constructed  of  iron  or  brass,  whereof  a  great  number 
had  the  dates  and  places  of  their  mann&ctnre  inscribed  upon  them  in 
letters  cast  m  metal.  In  each  there  were  coins  of  copper,  silver,  and 
often  many  of  gold,  capable  of  serving  as  valuable  historical  monuments; 
in  each  were  an  infinite  variety  of  instruments  of  the  arts  of  war  and 
peace ;  many  formed  of  materials,  such  as  glass  and  earthenware,  capa- 
ble of  lasting  for  indefinite  ages  when  once  removed  flrom  the  mechanical 
action  of  the  waves,  and  buried  under  a  mass  of  matter  which  may 
exclude  the  corroding  action  of  sea-water.  The  quantity,  moreover,  of 
timber  which  is  conveyed  from  the  land  to  the  bed  of  the  sea  by  the 
sinking  of  ships  of  a  large  size  is  enormous,  for  it  is  computed  that  2000 
tons  of  wood  are  required  for  the  building  of  one  74-gun  ship ;  and 
reckoning  fifty  oaks  of  100  years  gro¥rth  to  the  acre,  it  would  require 
forty  acres  of  oak  forest  to  build  one  of  these  vessels.* 

It  would  be  an  error  to  imagine  that  the  fury  of  war  is  more  conducive 
than  the  peaceful  spirit  of  commercial  enterprise  to  the  accumulation  of 
wrecked  vessels  in  die  bed  of  the  sea.  From  an  examination  of  Lloyd's- 
lists,  from  the  year  1793  to  the  commencement  of  1829,  Captain  W.  H. 
Smyth  ascertained  that  the  number  of  British  vesseU  alone  lost  during 
that  period  amounted  on  an  average  to  no  less  than  one  and  a  half  daily ; 

*  Quart  Journ.  of  Agriovilt,  No.  ix.  pu  488. 
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aa  extent  of  loss  wbioh  would  luuxllj  have  been  aatkapAted;  alUiongh 
we  leam  from  Moreau's  tables  tliat  the  number  of  merchant  vesBda 
employed  at  one  time,  in  the  navigation  of  England  and  Sootlaad,  amounts 
to  about  twenty  thousand,  having  one  with  anothw  a  mean  buithen  <^ 
120  tons.*  My  fiiend,  Mr.  J.  L.  Prevost,  also  informs  me  that  on  inspect- 
ing Lloyd's  list  for  the  years  1820, 1830,  and  1831,  he  finds  that  no  less 
than  1063  vessels  were  lost  in  those  three  years,  their  average  tonnage 
being  about  150  tons,  or  in  all  nearly  300,000  tons,  being  at  the  en<»w 
mous  rate  of  100,000  tons  annually  of  the  merchant  vessels  of  one  nation 
only.  This  increased  loss  arises,  I  presume,  from  increasing  activity  in 
commerce. 

Out  of  651  ships  of  the  royal  navy  lost  to  the  countiy  during  the 
period  above  mentioned,  only  160  were  taken  or  destroyed  by  the  enemy, 
the  rest  having  either  stranded  or  foundered,  or  having  been  burnt  by 
accident ;  a  striking  proof  that  the  dangers  of  our  naval  warfare,  how- 
ever great,  may  be  fiir  exceeded  by  the  storm,  the  shoal,  the  lee^ore, 
and  all  the  other  perils  of  the  deep.f 

Durable  nature  of  many  of  their  contents. — ^Millions  of  silver  doUais 
and  other  coins  have  been  sometimes  submerged  in  a  single  ship,  and  on 
these,  when  they  happen  to  be  enveloped  in  a  matrix  capable  of  protect- 
ing them  from  chemical  changes,  mudii  information  of  historical  interest 
will  remain  inscribed,  and  endure  for  periods  as  indefinite  as  have  the 
delicate  marldngs  of  zoophytes  or  lapidified  plants  in  some  of  tte  ancient 
secondary  rocks.  In  almost  every  large  ship,  moreover,  there  are  8(»ne 
precious  stones  set  in  seals,  and  other  articles  of  use  and  ornament  com- 
posed of  the  hardest  substances  in  nature,  on  which  letters  and  various 
images  are  carved — engravings  which  they  may  retain  when  included  in 
subaqueous  strata,  as  long  as  a  crystal  preserves  its  natural  form. 

it  was,  therefore,  a  splendid  boast,  that  the  deeds  of  the  English  chi- 
valry  at  Agincourt  made  Henry's  chronicle 

as  rich  'frith  praise 

As  is  the  ooze  and  bottom  of  the  deep 
With  simkea  wreck  and  BumlesB  treasoiiea . 

for  it  is  probable  that  a  greater  number  of  monuments  of  the  skill  and 
industry  of  man  will,  in  the  course  of  ages,  be  collected  together  in  the 
bed  of  the  ocean,  than  will  exist  at  any  one  time  on  the  8ur£ace  of  the 
continents. 

If  our  species  be  of  as  recent  a  date  as  is  generally  supposed,  it  wik 
be  vain  to  seek  for  the  remains  of  man  and  the  works  of  Ids  hands  im- 
bedded in  submarine  strata,  except  in  those  r^ons  where  violent  earth* 
quakes  are  frequent,  and  the  alterations  of  relative  level  so  great,  that 
the  bed  of  the  sea  may  have  been  converted  into  land  within  the  histori- 
cal era.    We  need  not  despair,  however,  of  the  discovery  of  such  monu- 

*  Onsar  Morean's  Tables  of  the  Navigation  of  Great  Britain. 

1 1  give  these  reeulta  on  the  authority  of  Captain  W.  H.  Smyth,  B.  K. 
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ownts,  wlien  those  regions  wbich  have  been  peopled  by  man  from  the 
eaiiieat  ages,  and  which  are  at  the  same  time  the  principal  theatres  of 
Tolcanic  action^  shall  be  examined  by  the  joint  skill  of  the  antiqoaiyand 
geologist 

Pomr  of  human  remains  to  resUt  deoay, — ^Theie  can  be  no  doubt 
that  human  remains  are  as  capable  of  resisting  decay  as  are  the  harder 
parts  of  the  inferior  animals ;  and  I  have  "dready  died  the  remark  of 
Gttvier,  that  ^  in  ancient  fields  of  battle  the  bones  of  men  have  sujOTered 
as  little  decomposition  as  those  of  horses  which  were  buried  in  the  same 
grave."  (See  above,  p.  147.)  In  the  delta  of  the  Ganges  bones  of  men 
have  been  found  in  digging  a  well  at  the  depth  of  ninety  feet  ;*  but  as 
that  river  frequently  shifts  its  course  and  fills  up  its  ancient  channels,  we 
are  not  called  upon  to  suppose  that  these  bodies  are  cf  extremely  high 
antiquity,  or  that  they  were  buried  when  that  part  of  the  surrounding 
delta  where  they  occur  was  first  gained  from  the  sea. 

Fo9sU  skeletons  of  men. — Several  skeletons  of  men,  more  or  less  mu- 
tilated, have  been  found  in  the  West  Indies,  on  the  north-west  coast  of 
the  main  land  of  Guadaloupe,  in  a  kind  of  rock  which  is  known  to  be 
foiming  daily,  and  which  consists  of  minute  fragments  of  shells  and 
corals,  incrusted  with  a  calcareous  cement  resembling  travertin,  by  which 
also  the  difierent  grains  are  bound  together.  The  lens  shows  that  some 
of  the  fragments  of  coral  composing  this  stpne  still  retain  the  same  red 
color  which  is  seen  in  the  reefe  of  living  coral  which  surround  the  island. 
The  shells  belong  to  species  of  the  neighboring  sea  intermixed  with 
some  terrestrial  kinds  which  now  live  on  the  island,  and  among  them  is 
the  Bulimus  GattdcUoupensis  of  F^russac  The  human  skeletons  still 
retain  some  of  their  animal  matter,  and  all  their  phosphate  of  lime. 
One  of  them,  of  which  the  head  is  wanting,  may  now  be  seen  in  the 
British  Museum,  and  another  in  the  Royal  Cabinet  at  Paris.  According 
to  M.  E5nig,  the  rock  in  which  the  former  is  inclosed  is  harder  under 
the  mason's  saw  and  chisel  than  statuaiy  marble.  It  w  described  as 
forming  a  kind  of  glads,  probably  an  indurated  beach,  which  slants  from 
the  steep  cliffi  of  the  island  to  the  sea,  and  is  nearly  all  submerged  at 
high  tide. 

Similar  formations  are  in  progress  in  the  whole  of  the  West  Indian 
archipelago,  and  they  have  greatly  extended  the  plain  of  Cayes  in  St 
Domingo,  where  fragments  of  vases  and  other  human  works  have  been 
found  at  a  depth  of  twenty  feet  In  digging  wells  also  near  Catania,  in 
Sidly,  tools  have  been  discovered  in  a  rock  somewhat  similar. 

Buried  ships,  canoes^  and  works  of  art. — ^When  a  vessel  is  stranded 
in  shallow  water,  it  usually  becomes  the  nudeus  of  a  sand-bank,  as  has 
been  exemplified  in  several  of  our  harbors,  and  this  circumstance  tends 
greatly  to  its  preservation.  Between  the  yeara  1780  and  1790  a  vessel 
from  Purbeck,  laden  with  three  hundred  tons  of  stone,  struck  on  a  shoal 
off  the  entrance  of  Poole  harbor  and  foundered ;  the  crew  were  saved, 

♦  Von  Hofl^  vol  L  p.  879. 
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but  the  ressel  and  cargo  remain  to  this  day  at  the  bottom.  Since  that 
period  the  shoal  at  the  entrance  of  the  harbor  has  so  extended  itself  jn  a 
westerly  direction  towards  Peveril  Point  in  Parbeck,  that  the  navigable 
channel  is  thrown  a  mile  nearer  that  point*  The  cause  is  obvious ;  the 
tidal  current  deposits  the  sediment  with  which  it  is  charged  around  any 
object  which  checks  its  velodty.  Matter  also  drifted  along  the  bottom  is 
arrested  by  any  obstacle  and  accumulates  round  it,  just  as  the  AJ^can 
sand-winds,  before  described,  raise  a  small  hillock  over  the  carcass  of 
every  dead  camel  exposed  on  the  surfince  of  the  desert 

I  before  alluded  to  an  ancient  Dutch  vessel,  discovered  in  the  deserted 
channel  of  the  river  Rother  in  Sussex,  of  whicn  the  oak  wood  was  much 
blackened,  but  its  texture  unchanged.  (See  above,  p.  316.)  The  int^ 
rior  was  filled  with  fiuviatile  silt,  as  was  also  the  case  in  regard  to  a  ves- 
sel discovered  in  a  former  bed  of  the  Mersey,  and  another  diamterred 
where  the  St  Eatherine  Docks  are  excavated  in  the  alluvial  plain  of  the 
Thames.  In  like  manner  many  ships  have  been  found  preserved  entire 
in  modem  strata,  formed  by  the  silting  up  of  estuaries  along  the  southern 
shores  of  the  Baltic,  especially  in  Pomerania.  Between  Brombeig  and 
Nakel,  for  example,  a  vessel  and  two  anchors  in  a  very  perfect  state  were 
dug  up  far  from  the  sea.f 

Several  vessels  have  been  lately  detected  half  buried  in  the  delta  of 
the  Indus,  in  the  numerous  deserted  branches  of  that  river,  £ar  from 
where  the  stream  now  flows.  One  of  these  found  near  Vikkar  in  Sinde, 
was  400  tons  in  burthen,  old  feshioned,  and  pierced  for  fourteen  guns, 
and  in  a  region  where  it  had  been  matter  of  dispute  whether  the  Indus 
had  ever  been  navigable  by  large  ve6sels.| 

At  the  mouth  of  a  river  in  Nova  Scotia,  a  schooner  of  thirty-two  tons^ 
laden  with  live  stock,  was  lying  with  her  side  to  the  tide,  when  the  bore, 
or  tidal  wave,  which  rises  there  about  ten  feet  in  perpendicular  height, 
rushed  into  the  estuary,  and  overturned  the  vessel,  so  that  it  instantly 
disappeared.  After  the  tide  had  ebbed,  the  schooner  was  so  totally 
buried  in  the  sand,  that  the  taffrel  or  upper  rail  over  the  stem  was  alone 
visible.§  We  are  informed  by  Leigh  that,  on  draining  Martin  Meer,  a 
lake  eighteen  miles  in  circumference,  in  Lancashire,  a  bed  of  marl  was 
laid  dry,  wherein  no  fewer  than  eight  canoes  were  found  imbedded, 
in  figure  and  dimensions  they  were  not  unlike  those  now  used  in  Ame- 
rica. In  a  morass  about  nine  miles  distant  from  this  Meer  a  whetstone 
and  an  axe  of  mixed  metal  were  dugup.f  In  Ayrshire,  also,  three  canoes 
were  found  in  Loch  Doon  some  few  years  ago;  and  during  the  year  1831 
four  others,  each  hewn  out  of  separate  oak  trees.  They  were  twenty- 
three  feet  in  length,  two  and  a  half  in  depth,  and  nearly  four  feet  in 
breadth  at  the  stem.    In  the  mud  which  filled  one  of  them  was  found  a 


*  This  account  I  received  from  the  Honorable  and  Rev.  Charles  Harris. 

t  Von  Hoff,  vol.  i.  p.  868. 

t  lient  Carlesfly  Geograph.  Joum.,  voL  viiL  p.  838. 

S  Silliman's  Geol  Lectures,  p.  78,  who  cites  Fenn. 

I  Leigh's  Lancashire,  p.  17,  a.  d.  lYOO. 
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waiH^lnb  of  oak  and  a  stone  battle-axe.  A  canoe  of  oak  was  also  found 
in  1.820,  in  peat  orerijing  the  shell-marl  of  the  Loch  of  Einnordj,  in 
For&rahiie.* 

Manner  in  which  ships  may  he  preserved  in  a  deep  sea. — ^It  is  extrome- 
ly  possible  that  the  submerged  woodwork  of  ships  which  hare  sunk  where 
the  sea  is  two  or  three  miles  deep  has  undergone  greater  chemical 
changes  in  an  equal  space  of  tame,  than  in  the  cases  above  mentioned; 
for  the  experiments  of  Scoresby  show  that  wood  may  at  certain  depths 
be  impregnated  in  a  single  hour  is'Jh  salt  water,  so  that  its  specific  gr^ 
vity  is  entirely  altered.  It  may  often  happen  that  hot  springs,  charged 
with  carbonate  of  lime,  silex,  and  other  mineral  ipgredients,  may  issue  at 
great  depths,  in  which  case  every  pore  of  the  vegetable  tissue  may  be 
injected  with  the  lapidifying  liquid,  whether  calcareous  or  siliceous, 
before  the  smallest  decay  commences.  The  conversion,  also,  of  wood 
into  lignite  is  probably  more  rapid  under  enormous  pressure.  But  the 
change  of  the  timber  into  lignite  or  coal  would  not  prevent  the  original 
form  of  a  ship  from  being  distinguished ;  for  as  we  find,  in  strata  of  the 
carboniferous  era,  the  bark  of  the  hollow  reed-like  trees  converted  into 
coal,  and  the  central  cavity  filled  with  sandstone,  so  might  we  trace  the 
outline  of  a  ship  in  coal ;  while  in  the  indurated  mnd,  sandstone,  or  lime- 
stone, filling  the  interior,  we  might  discover  instruments  of  human  art, 
ballast  consisting  of  rocks  foreign  to  the  rest  of  the  stratum,  and  other 
contents  of  the  ship. 

Submerged  metallic  substances, — ^Many  of  the  metallic  substances 
which  fall  into  the  waters  probably  lose,  in  the  course  of  ages,  the  forms 
artificially  imparted  to  them ;  but  under  certain  circumstances  these  may 
be  preserved  for  indefinite  periods.  The  cannon  enclosed  in  a  calcareous 
rock,  drawn  up  from  the  delta  of  the  Rhone,  which  is  now  in  the  museum 
at  Montpellier,  might  probably  have  endured  as  long  as  the  calcareous 
matrix ;  but  even  if  the  metallic  matter  had  been  removed,  and  had  en- 
tered into  new  combinations,  still  a  mould  of  its  original  shape  would 
have  been  left,  corresponding  to  those  impressions  of  shells  which  we  see 
in  rocks,  from  which  all  the  carbonate  of  lime  has  been  subtracted. 
About  tiie  year  1776,  says  Mr.  King,  some  fishermen,  sweepiug  for 
anchors  in  the  Gulf  stream  (a  part  of  ^e  sea  near  the  Downs),  drew  up 
a  very  curious  old  swivel  gun,  nearly  eight  feet  in  length.  The  barrel, 
which  was  about  five  feet  long,  was  of  brass ;  but  the  handle  by  which  it 
was  traversed  was  about  three  feet  in  length,  and  the  swivel  and  pivot  on 
which  it  turned  were  of  iron.  Around  these  latter  were  formed  incrusta- 
tions of  sand  converted  into  a  kind  of  stone,  of  exceedingly  strong  texture 
and  firmness ;  whereas  round  the  barrel  of  the  gun,  except  where  it  was 
near  adjoining  to  the  iron,  there  were  no  such  incrustations,  the  greater 
part  of  it  being  dean,  and  in  good  condition,  just  as  if  it  had  still  continued 
in  use.  In  the  incrusting  stone,  adhering  to  it  on  the  outside,  were  a 
number  of  shells  and  coriJlinee,  ''just  as  they  are  often  found  in  a  fossil 

*  OsoL  IVanf.,  Moond  Beriei,  vol  il  p.  87. 
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•U^."  These  were  all  bo  ttion^y  attadied,  that  it  required  as  nmck 
foroe  to  separate  them  ftom  the  matrix  **as  to  break  a  ftagme&t  off  any 
hardrocL"* 

In  the  year  1745,  contLnnes  the  same  writer,  the  Fox  man-of-war  was 
stranded  on  the  coast  of  East  Lothian,  and  went  to  pieoe&  About  thirty- 
three  years  afterwards  a  violent  storm  laid  bare  a  part  of  the  wreck,  and 
threw  up  near  the  place  several  masses,  "  consisting  of  iron,  ropes,  and 
baUa,*^  covered  over  with  oehreous  sand,  concreted  and  hardened  into  a 
kind  of  stone.  The  substance  of  the  rope  was  very  Jttle  altered.  The 
consolidated  sand  retained  perfect  impressfens  of  parts  of  an  iron  ring, 
''just  as  impressions  oi  ^traneous  fossil  bodies  are  found  in  various  kinds 
of  strata."! 

After  a  storm  in  the  year  1824,  which  occasioned  a  oonsidersble  shiftr 
ing  of  the  sands  near  St  Andrew's,  in  Scotland,  a  gon-barrel  of  ancient 
construction  was  found,  which  is  conjectured  to  have  belonged  to  one  of 
the  wrecked  vessels  of  the  Spanish  Armada.  It  is  now  in  the  muaeom 
of  the  Antiquarian  Society  of  Scotland,  and  is  incrusted  over  by  a  tibin 
coating  of  sand,  the  grains  of  which  are  cemented  by  brown  fem^iinci^ 
matter.  Attached  to  this  coating  are  fragments  of  various  shells,  as  of 
the  common  cardium,  mya,  dtc 

Many  other  examples  are  recorded  of  iron  instruments  taken  up  from 
the  bed  of  the  sea  near  the  British  coast,  incased  by  a  thick  coating 
of  conglomerate,  consisting  of  pebbles  and  sand,  cemented  by  oxide  of 
iron. 

Dr.  Davy  describes  a  bronze  helmet,  of  the  antique  Qredan  form,  takan 
up  in  1825,  from  a  shallow  part  of  the  sea,  between  the  citadel  of  C<»fii 
and  the  village  of  Oastrades.  Both  the  interior  and  extericv  of  the  hel- 
met were  partially  incrusted  with  shells,  and  a  deposit  of  caibonate  of 
lime.  The  surface  generally,  both  under  the  incrustation,  and  wheie 
freed  from  it,  was  of  a  variegated  color,  mottled  with  spots  of  green, 
dirty  white,  and  red.  On  minute  inspection  with  a  lens,  the  green  and 
red  patches  proved  to  consist  of  crystals  of  tJie  red  oxide  and  carbonate 
of  copper,  and  the  dirty  white  chiefly  of  oxide  of  tin. 

Thu  mineralizing  process,  says  Dr.  Davy,  which  has  produced  these 
new  combinations,  has,  in  general,  penetrated  very  little  into  the  sub- 
stance of  the  helmet  The  incrustation  and  rust  removed,  the  metsl  is 
found  bright  beneath ;  in  some  places  considerably  corroded,  in  othen 
very  slightly.  It  proves,  on  analysis,  to  be  copper,  idloyed  with  18*5  per 
cent  of  tin.  Its  color  is  that  of  our  common  brass,  and  it  possesses 
a  considerable  degree  of  flexil»lity. 

*^  It  is  a  curious  question,''  he  adds,  ^  how  the  otystals  were  formed  in 
the  helmet,  and  on  the  adhering  calcareous  deposit  Th&te  being  no 
reason  to  suppose  deposition  from  solution,  are  we  not  under  the  neeea- 
sity  of  inferring,  that  the  mineralizing  process  depends  on  a  small  motion 
and  separation  of  the  particles  of  the  original  e<»npound  ?    This  motioB 

•  PhiL  TmnA,  119%  f  PML  Trans^  vbL  hrix,  177a. 


Cb.  XLVm.]  SUBSIDBKCB  OF  LAKIL  701 

may  hare  been  due  to  the  opeiatioii  of  electRHsheimcal  powen  wlikh 
may  liave  Bepunited  the  di£feient  metab  of  the  alby.* 


JSJfecU  of  the  Subsidence  <f  Lond^  in  ioAeddmg  Oitide  and  Fcreete 
in  eubaqueoue  Stiuta. 

We  liave  hiiherto  considered  the  transportation  of  plants  and  animab 
from  the  land  by  aqueous  agents,  and  their  inhnmadon  in  laonstrine  or 
submarine  depodta^  and  we  may  now  inqnire  what  tendency  the  eubei^ 
denoe  of  tracts  of  land  may  have  to  produce  analogous  effects.  SeTeral 
examples  of  the  sinking  down  of  buildings,  and  portions  of  towns  near 
the  shore,  to  various  depths  beneath  the  level  of  the  sea  during  subterra- 
nean movements,  were  before  enumerated  in  treating  of  the  changes 
brought  about  by  inarffonic  causes.  The  events  alluded  to  were  com- 
prised within  a  bri^  portion  of  the  historical  period,  and  confined  to  a 
small  number  of  the  regions  of  active  volcanoes.  Yet  theee  authentic 
&ctB)  relating  merely  to  the  last  century  and  a  hal^  gave  indications  of 
ccmsiderable  changes  in  the  physical  geography  ci  the  globe,  and  we  are 
not  to  suppose  that  these  were  the  only  spots,  throii^hout  the  surrounding 
land  and  sea  which  suffered  similar  depresmona. 

I^  during  the  short  period  since  South  America  has  been  colonized  by 
Enrq>eans,  we  have  proof  of  alterations  of  level  at  the  three  principal 
ports  on  the  western  shores,  Callao,  Valparaiso,  and  Conception,  f  we 
cannot  for  a  moment  suspect  that  these  dties,  so  distant  from  each  other, 
have  been  selected  as  the  peculiar  points^  where  the  desolating  power  of 
the  earthquake  has  expended  its  chief  fiiry.  On  considering  how  small 
is  the  area  occupied  by  the  seaports  of  this  disturbed  region — ^points 
where  alone  each  slight  change  of  the  relative  level  of  the  sea  and  land 
can  be  recognised, — and  reflecting  on  the  proofs  in  our  possession  of  the 
local  revolutions  that  have  happened  on  the  site  of  each  port,  within  the 
last  centuiy  and  a  hal^ — our  conceptions  must  be  greatly  exalted  respect- 
ing the  magnitude  of  the  alterationa  which  the  country  between  the 
Andes  and  the  sea  may  have  undergone,  even  in  the  course  of  the  last 
six  thousand  years. 

Outch  earthquake. — ^The  maimer  in  which  a  large  extent  of  sur&oe 
may  be  submerged,  so  that  the  tenestrial  plants  and  animals  may  be 
imbedded  in  subaqueoua  strata,  cannot  be  better  illustrated  than  by  the 
earthquake  of  Cutoh,  in  1810,  bdbre  alluded  to  (p.  460).  It  is  stated> 
that,  for  some  years  after  that  earthquake,  the  withered  tamarisks  and 
other  shrubs  protruded  their  tops  above  the  waves,  in  parts  of  the  lagoon 
formed  by  subsidence,  on  the  site  of  the  village  of  Sindree  and  its  envi- 
r<His ;  but,  after  the  flood  of  1826,  they  were  seen  no  longer.  Every 
geologist  will  at  onoe  perceive,  that  forests  sunk  by  such  subterranean 
movements  may  become  imbedded  in  subsqoeous  deposits^  both  fluviatila 

•  Phil.  Trans.,  182S,  port  a  p.  50.         f  See  aboveb  PP-  458.  457.  499.  501. 
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and  xnarme,  and  ihe  trees  may  still  remain  erect,  or  aometimes  the  roots 
and  part  of  the  trunks  maj  continue  in  their  oiiginal  position,  while  the 
current  may  have  broken  ofi^  or  levelled  with  the  ground,  th^  upper 
stems  and  branches. 

BuUdingz  kow  preserved  under  water. — Some  of  the  bmldings  which 
have  at  different  times  subsided  beneath  the  level  of  the  sea  have  been 
immediately  covered  up  to  a  certain  extent  with  strata  of  volcanic  mat- 
ter showered  down  upon  them.  Such  was  the  case  at  Toml^ro  in 
Sumbawa,  in  the  present  century,  and  at  the  site  oi  the  Temple  of  Sers^ 
pis,  in  the  environs  of  Puznioli,  probably  about  the  12th  centuiy.  Hie 
entrance  of  a  river  charged  with  sediment  in  the  vicinity  may  still  more 
frequently  occanon  the  rapid  envelopment  of  buildings  in  regulariy  stra- 
tified formations.  But  if  no  foreign  matter  be  introduced,  the  buildings, 
when  once  removed  to  a  depth  where  the  action  of  ihe  waves  is  insensi- 
ble, and  where  no  great  current  happens  to  flow,  may  last  for  indefinite 
periods,  and  be  as  durable  as  the  floor  of  the  ocean  itself^  which  may 
<^ten  be  composed  of  the  very  same  materials.  There  is  no  reason  to 
doubt  the  tradition  mentioned  by  the  classic  writers,  that  the  submeiged 
Grecian  towns  of  Bura  and  Helice  were  seen  under  water ;  and  it  has 
been  already  mentioned  that  different  eye-witnesses  have  observed  the 
houses  of  Fort  Royal,  at  the  bottom  of  the  sea,  at  intervab  of  88,  101, 
and  143  years  after  the  convulsion  of  1602.  (p.  505.) 

Buried  temples  of  Cashmere, — ^The  celebrated  valley  of  Caahmere 
(or  Kashmir)  in  India,  situated  at  the  southern  foot  of  the  Himalaya 
range,  is  about  60  miles  in  length,  and  20  in  breadth,  surrounded  by 
mountains  which  rise  abruptly  from  the  plain  to  the  height  of  about 
5000  feet  In  the  clifib  of  tiie  river  Jelam  and  its  tributaries,  which  tra- 
verse this  beautiful  valley,  strata  consisting  of  fine  day,  sand,  soft  sand- 
stone, pebbles,  and  conglomerate  are  exposed  to  view.  They  contain 
fireshwater  shells,  of  the  genera  Lymneus,  Paludina,  and  Cyrena,  with 
land  shells,  all  of  recent  species,  and  are  precisely  such  deposits  as 
would  be  formed  if  the  whole  valley  were  now  converted  into  a  great 
lake,  and  if  the  numerous  rivers  and  torrents  descending  from  the  sur- 
rounding mountains  were  allowed  sufficient  time  to  fill  up  the  lake-basm 
with  fine  sediment  and  gravel.  Fragments  of  pottery  met  with  at  the 
depth  of  40  and  50  feet  in  this  lacustrine  formation  show  that  the  upper 
part  of  it  at  least  has  accumulated  within  the  human  epoch. 

Dr.  Thomas  Thomson,  who  visited  Cashmere  in  1848,  observes  that 
several  of  the  lakes  which  still  exist  in  the  great  valley,  such  as  that 
near  the  town  of  Cashmere,  five  miles  in  diameter,  and  some  others,  are 
deeper  than  the  adjoining  river-channels,  and  may  have  been  formed  by 
subsidence  duriug  the  numerous  earthquakes  which  have  convulsed  that 
Tegion  in  the  course  of  the  last  2000  years.  It  is  also  probable  that  the 
freshwater  strata  seen  to  extend  frff  and  wide  over  the  whole  of  Cash* 
mere  originated  not  in  one  continuous  sheet  of  water  once  occupying 
the  entire  valley,  but  in  many  lakes  of  limited  area,  formed  and  filled 
in  succession.    Among  other  proofs  of  such  lake-basins  of  moderate 


G&2LYin.]  BUBIED  TEMPLES  OF  CASHHEBB.  768 

dimenaionB  having  once  existed  and  having  been  converted  into  land  at 
different  periods,  Dr«  Thomson  mentions  that  the  rains  of  Avantipura, 
no(  far  from  the  modem  village  of  that  name,  stand  on  an  older  fresh- 
water  deposit  at  the  base  of  the  mountains,  and  terminate  abruptly 
towards  the  plain  in  a  straight  line,  such  as  admits  of  no  other  explana- 
tion than  by  supposing  that  the  advance  of  the  town  in  that  direction 
was  arrested  by  a  lake,  now  drained  or  represented  only  by  a  marsh. 
In  that  neighborhood,  as  very  generally  throughout  Cashmere,  the 
rivers  run  in  channels  or  alluvial  flats,  bounded  by  difls  of  lacustrine 
strata,  horizontally  stratified,  and  these  strata  form  low  table-lands  from 
20  to  50  feet  high  between  the  different  watercourses.  On  a  table-land 
of  this  kind  near  Avantipura,  portions  of  two  buried  temples  are  seen, 
which  have  been  partially  explored  by  Major  Cunningham,  who,  in 
1847,  discovered  that  in  one  of  the  buildings  a  magnificent  colonnade 
of  seventy-four  pillars  is  preserved  underground.  He  exposed  to  view 
three  of  the  pilhirs  in  a  cavity  still  open.  All  the  architectural  decora- 
tions below  the  level  of  the  soil  are  as  perfect  and  fresh-looking  as  when 
first  executed.  The  spacious  quadrangle  must  have  been  silted  up 
gradually  at  first,  for  some  unsightly  alterations,  not  in  accordance  with 
the  general  plan  and  style  of  architecture,  were  detected,  evidently  of 
subsequent  date,  and  such  as  could  only  have  been  required  when  the 
water  and  sediment  had  already  gained  a  certain  height  in  the  interior 
of  the  temple. 

This  edifice  is  supposed  to  have  been  erected  about  the  year  850  of 
our  era,  and  was  certainly  submerged  before  the  year  1416,  when  the 
Mahomedan  king,  Sikandar,  called  Butshikan  or  the  idol-breaker, 
destroyed  all  the  images  of  Hindoo  temples  in  Cashmere.  Ferishta  the 
historian  particularly  alludes  to  Sikandar  having  demolished  every 
Cashmerian  temple  save  one,  dedicated  to  Mahadeva,  which  escaped 
''  in  consequence  of  its  foundations  being  below  the  neighboring 
water."  The  unharmed  condition  of  the  human-headed  birds  and  other 
images  in  the  buried  edifice  near  Avantipura  leaves  no  doubt  that  they 
escaped  the  fury  of  the  iconoclast  by  being  under  water,  and  perhaps 
silted  up  before  the  date  of  his  conquest* 

BerkeUyU  arguments  for  the  recent  date  of  the  ereatum  of  man^ — 
I  cannot  conclude  this  chapter  without  recalling  to  the  reader's  mind  a 
memorable  passage  written  by  Bishop  Berkeley  a  century  ago,  in  which 
he  inferred,  on  grounds  which  may  be  termed  strictly  geological,  the 
recent  date  of  the  creation  of  man.  ^To  any  one,**  says  he,  '^who 
considers  that  on  digging  into  the  earth,  such  quantities  of  shells,  and 
in  some  places,  bones  and  horns  of  animals,  are  found  sound  and  entire, 
after  having  lain  there  in  all  probability  some  thousands  of  years ;  it 
should  seem  probable  that  guns,  medals,  and  implements  in  metal  or 
stone,  might  have  lasted  entire,  buried  under  ground  forty  or  fifty 

*  Thomson's  Western  Himalaya  and  Thibet  P-  292.  liOndon,  1862.  Cnnning 
luuD,  vol  xvil  Jonm.  Asiat  Soo.  Bengal,  pp.  241.  277. 


764  BEOENT  OBIOnr  of  HAK.  [Ob.  XLvm. 

tHoiuana  years,  if  the  world  had  been  to  old*  How  corner  it  then  to 
puss  that  no  remains  are  found,  no  antiquities  of  those  nameroofl  ages 
preceding  the  Scripture  accounts  of  time ;  that  no  fragments  of  build- 
ings, no  public  monuments,  no  intaglios,  oameos,  statues,  basso-relievoB, 
medals,  inscriptions,  utensils,  or  artificial  works  of  any  hind,  are  ever 
discovered,  which  may  bear  testimony  to  the  existence  of  those  mighty 
empircs,  those  successions  of  monarchs,  heroes,  and  demi-gods,  for  so 
many  thousand  years?  Let  us  look  forward  and  suppose  ten  or  twenty 
thousand  years  to  come,  during  which  time  we  will  suppose  that  plagues, 
feunine,  wars,  and  earthquakes  shall  have  made  great  havoo  in  the  world, 
is  it  not  highly  probable  that  at  the  end  of  such  a  period,  pillars,  vases, 
and  statues  now  in  being,  of  granite,  or  pcrphyry,  or  jasper  (Atones  of 
such  hardness  as  we  know  them  to  have  lasted  two  thousand  years 
above  ground,  without  any  considerable  alteration),  would  bear  record 
of  these  and  past  ages  f  Or  that  some  of  our  current  coins  might  then 
be  dug  up,  or  old  walls  and  the  foundations  of  buildings  show  them- 
selves, as  well  as  the  shells  and  stones  of  the  primeval  toarld^  which  are 
preserved  down  to  our  times.''* 

That  many  signs  of  the  agency  of  man  would  have  lasted  at  least  as 
long  as  **  the  shells  of  the  primeval  world,'*  had  our  race  been  so  ancient, 
we  may  feel  as  folly  persuaded  as  Berkeley ;  and  we  may  anticipate  with 
confidence  that  many  edifices  and  implements  of  human  workmanship 
and  the  skeletons  of  men,  and  casts  of  the  human  form,  will  continue  to 
exist  when  a  great  part  of  the  present  mountains,  continents,  and  seas 
have  disappeared.  Assuming  the  future  duration  of  the  planet  to  be 
indefinitely  protracted,  we  can  foresee  no  limit  to  the  perpetuation  of 
some  of  the  memorials  of  man,  which  are  continually  entombed  in  the 
bowels  of  the  earth  or  in  the  bed  of  the  ocean,  unless  we  carry  forward 
our  views  to  a  period  sufficient  to  allow  the  various  causes  of  change, 
both  igneous  and  aqueous,  to  remodel  more  than  once  the  entire  crust 
of  the  earth.  One  complete  revolution  will  be  inadequate  to  efiaoe 
every  monument  of  our  existence ;  for  many  works  of  art  might  enter 
again  and  again  into  the  formations  of  successive  eras,  and  escape 
obliteration  even  though  the  very  rocks  in  which  they  had  been  for 
ages  imbedded  were  destroyed,  just  as  pebbles  included  in  the  conglo- 
merates of  one  epoch  often  contain  the  organized  remains  of  beings 
which  flourished  during  a  prior  era. 

Yet  it  is  no  less  true,  as  a  late  distinguished  philosopher  has  declared, 
**  that  none  of  the  woiks  of  a  mortal  being  can  be  eternal."!  They  are 
in  the  first  place  wrested  from  the  hands  of  man,  and  lost  as  far  as  re- 
gards their  subserviency  to  his  use,  by  the  instrumentality  of  those  very 
causes  which  place  them  in  situations  where  they  are  enabled  to  endure 
for  indefinite  periods.  And  even  when  they  have  been  induded  in  rocky 
strata,  when  they  have  be^  made  to  enter  as  it  were  into  the  solid  frame- 

*  Aloiphron,  or  the  Minute  Philosopher,  roL  ii  pp.  84,  8&,  1788. 
t  Davy,  ConAolatioiis  m  Travel,  p.  27«. 
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work  of  the  globe  itself  they  most  aeveriheleas  erentoaUj  perish ;  for 
eyery  year  some  portion  of  the  earth's  crust  is  shattered  by  earthquakes^ 
or  melted  by  volcanic  fiie,  or  ground  to  dust  by  the  moving  waters  on  the 
sur&ce.  ^The  river  of  Lethe,"  as  Bacon  eloquently  remarks,  ^  runneth 
as  well  above  ground  as  below."* 


CHAPTER  XIIX. 

niBJSDDING   OF  AQUATIO  BPE0IB8  IN  SUBAQUEOUS  STRATA. 

Inhomatioii  of  fresh  water  plants  and  anima]^ — Shell  marl— FoesiluBec  leed-res- 
seU  and  stems  of  chara — ^Recent  deposits  in  American  lakes-— Freshwater 
species  drifted  mto  seas  and  estuaries — ^Lewes  levels — ^Alternations  of  marine 
and  freshwater  strata,  how  caused — Imbedding  of  marine  plants  and  animals — 
Getacea  stranded  on  onr  shores — ^Littoral  and  estuary  Testacea  swept  into  the 
deep  sea — ^Burrowing  shells — ^living  Testacea  found  at  considerable  depths— 
Blending  of  organic  remains  of  different  ages. 

Haying  treated  of  the  imbeddmg  of  terrestrial  plants  and  animals, 
and  of  human  remains,  in  deposits  now  forming  beneath  the  waters,  I 
come  next  to  consider  in  what  manner  aquatic  species  may  be  entombed 
in  strata  formed  in  their  own  element 

Freskioater  plants  and  animals, — ^The  remains  of  species  belonging 
to  those  genera  of  the  animal  and  vegetable  kingdoms  which  are  more 
or  less  exclusively  confined  to  fiesh  water  are  for  the  most  part  preserved 
in  the  beds  of  lakes  or  estuaries,  but  they  are  oftentimes  swept  down  by 
riveis  into  the  sea,  and  there  intermingled  with  the  ezuvis  of  marine 
races.  The  phenomena  attending  their  inhumation  in  lacustrine  deposits 
are  sometimes  revealed  to  our  observation  by  the  drainage  of  smaU  lakes, 
such  as  are  those  in  Scotland,  which  have  been  laid  dry  for  the  sake  of 
obtaining  shell  marl  for  agricultural  uses. 

In  these  recent  fonnations,  as  seen  in  Foifarshire,  two  or  three  beds 
of  calcareous  marl  are  sometimes  observed  separated  from  each  other  by 
layers  of  drift  peat,  sand,  or  fisdle  clay.  The  marl  often  consists  almost 
entirely  of  an  aggregate  of  shells  of  the  genera  limnea,  Planorbis,  Yal- 
vata,  and  Cyclas,  of  species  now  existing  iji  Scotland.  A  considerable 
proportion  of  the  Testacea  appear  to  have  died  very  young,  and  few 
of  the  shells  are  of  a  size  which  indicates  their  having  attained  a  state 
of  maturity.  The  shells  are  sometimes  entirely  decomposed,  forming  a 
pulverulent  marl ;  sometimes  in  a  state  of  good  preservation.  They  are 
frequently  intermixed  with  stems  of  CharsB  and  other  aquatic  vegetables, 
the  whole  being  matted  together  and  compressed,  foiming  lamin»  of^ 
as  thin  as  paper. 

*  Essay  on  the  Yioisaitude  cf  Thingii 
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FossUiged  $eed-ves9eli  and  stenu  of  Chora, — ^As  the  Chan  is  an 
aquatic  plant  which  ocean  frequently  fossil  in  formations  of  different 
eras,  and  is  often  of  much  importance  to  the  geologist  in  charaeteiidng 
entire  groups  of  strata,  I  shidl  describe  the  manner  in  which  I  have 
found  the  recent  species  in  a  petrified  state.  They  occur  in  a  mari-lake 
in  For&rshire,  inclosed  in  nodules,  and  sometimes  in  a  continuous  stra- 
tum of  a  kind  of  travertin. 


Fir  lot. 


SMd-TMMl  of  Clian  bitp<d». 

«,  Part  of  the  stem  with  the  seed-^reieel  ftttaehed.    Mafoiaed. 

ht  Natviml  eiie  of  the  leed  veieeL 

Ct  latofVBient  of  the  Gyrofonitet  or  petrified  eeed-Teeeel  of  Ck^r^  hUpiiOt  fouad  ia  tlM 

Scotch  marl-lakee.    Magnified. 
df  Section  thowinf  the  not  within  the  internnient. 
«*  Lower  ond  of  the  intef  ament  to  which  toe  atom  was  attached 
/,  Upper  end  of  the  intef  ament  io  which  the  stigmata  were  Utaehed. 
g.  One  of  the  spind  ralvea  of  c 

The  seed-vessel  of  these  plants  is  remarkably  tough  and  hard,  and 
consbts  of  a  membranous  nut  covered  by  an  integument  (cf,  fig.  102.) 
both  of  which  are  spirally  striated  or  ribbed.  The  integument  is  com- 
posed of  five  spiral  valves,  of  a  quadrangular  form  (^).  In  Chara  hU- 
pidoy  which  abounds  in  the  lakes  of  For&rshire,  and  which  has  become 
fossil  in  the  Bakie  Loch,  each  of  the  spiral  valves  of  the  seed-vessel  turns 
rather  more  than  twice  roimd  the  circumference,  the  whole  together 
making  between  ten  and  eleven  rings.  The  number  of  these  rings  differs 
greatly  in  different  species,  but  in  the  same  appears  to  be  very  constant 

The  stems  of  Charse  occur  fossil  in  the  Scotch  marl  in  great  abun- 
dance. In  some  species,  as  in  Chara  hispida^  the  plant  when  living 
contains  so  much  carbonate  of  lime  in  its  vegetable  organization,  inde- 
pendently of  calcareous  incrustation,  that  it  effervesces  strongly  with 
acids  when  dry.  The  stems  of  Chara  hUpida  are  longitudinally  striated, 
with  a  tendency  to  be  spiral.  These  striae,  as  appears  to  be  the  case 
with  all  Chane,  turn  always  like  the  worm  of  a  screw  from  right  to  left, 
while  those  of  the  seed-vessel  wind  round  in  a  contrary  direction.  A 
\  section  of  the  stem  exhibits  a  curious  structure,  for  it  is  composed 
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of  a  large  tube  surrounded  hj  smaller  tubes  (fig.  108.,  6,  c)  as  is  seen  in 
some  extinct  as  well  as  recent  species.  In  the  stems  of  several  species, 
lioweYV,  there  is  only  a  single  tube.* 


Fif.lOi. 


Stem  and  braaehM  of  Cbar»  hispida. 

4,  Stem  and  braneliM  of  the  natanl  aiio. 

^  8«cti<m  of  the  ttem  magnified. 

e,  Showing  the  central  tube  earroaBded  bj  two  ringa  of  smaller  tnbaa. 

Fhe  valves  of  a  small  animal  called  cypris  {O,  wnataf  Lam.)  occur 
•^cmpletelj  fossilized,  like  the  stems  of  Chars,  in  the  Scotch  travertin 
above  mentioned.  The  same  cypris  inhabits  the  lakes  and  ponds  of 
England,  where,  together  with  many  other  species,  it  is  not  uncommon. 
Although  extremely  minute,  they  are  visible  to  the  naked  eye,  and  may 
be  observed  in  great  nirmbers,  swimming  swifUy  through  the  waters  of 
our  stagnant  pools  and  ditches.  The  antennae,  at  the  end  of  which  are 
fine  pencils  of  hair,  are  the  principal  organs  for  swimming,  and  are 
moved  with  great  rapidity.  The  animal  resides  within  two  small  valves, 
not  unlike  those  of  a  bivalve  shell,  and  moults  its  integuments  annually, 
which  the  conchiferous  mollusks  do  not  The  cast-off  shells,  resembling 
thin  scales,  and  occurring  in  countless  myriads  in  many  ancient  fresh- 
water marls,  impart  to  them  a  divisional  structure,  like  that  so  frequently 
derived  from  plates  of  mica. 

The  recent  strata  of  lacustrine  origin  above  alluded  to  are  of  veiy 
small  extent,  but  analogous  deposits  on  the  grandest  scale  are  forming 
in  the  great  Canadian  lakes,  as  in  Lakes  Superior  and  Huron,  where  beds 

*  On  Fr«thwater  Marl,  Ao.  ByGLyelL  GeoL  IVana,  vol  a,  second  seriM^ 
pw78. 
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of  sand  and  olay  are  seen  inclosing  shells  of  existing  8pecies.f  The 
Chara  also  plays  the  same  part  in  the  subaqueous  vegetation  of  North 
America  as  in  Europe.  I  obsenred  along  the  borders  of  several  fresh- 
water lakes  in  the  state  of  New  York  a  luxuriant  crop  of  this  plant  in 
clear  water  of  moderate  depth,  rendering  the  bottom  as  verdant  as  a 
grassy  meadow.  Here,  therefore,  we  may  expect  some  of  the  tough 
seed  vessels  to  be  preserved  in  mud,  just  as  we  detect  them  fossil  in  the 
Eocene  strata  of  Hampshire,  or  in  the  neighborhood  of  Paris,  and  manj 
other  countries. 

Imbedding  of  freshwater  Speeiet  in  EHtuury  and  Marine  Deposits. 

In  Leves  levels. — ^We  have  sometimes  an  opportunity  of  examining 
the  deposits  which  within  the  historical  period  have  silted  up  some  of 
our  estuaries;  and  excavations  made  for  wells  and  other  purposes, 
where  the  sea  has  been  finaUy  excluded,  enable  us  to  observe  the  state 
of  the  organic  remains  in  these  tracts.  The  valley  of  the  Ouse  between 
Newhaven  and  Lewes  is  one  of  several  estuaries  from  which  the  sea  has 
retired  within  the  last  seven  or  eight  centuries;  and  here,  as  a]^>ean 
from  the  researches  of  Dr.  Mantell,  strata  thirty  feet  and  upwards  in 
thickness  have  accumulated.  At  the  top,  beneath  the  vegetable  eoil,  is 
a  bed  of  peat  about  five  feet  thick,  inclosing  many  trunks  of  trees. 
Next  below  is  a  stratum  of  blue  clay  containing  freshwater  shells  of 
about  nine  species,  such  as  now  inhabit  the  district  Intermixed  with 
these  was  observed  the  skeleton  of  a  deer.  Lower  down,  the  layers  of 
blue  clay  contain,  with  the  above-mentioned  freshwater  shells,  several 
marine  species  well  known  on  our  coast  In  the  lowest  beds,  often  at 
the  depth  of  thirty-six  feet,  these  marine  Testaoea  occur  without  the 
slightest  intermixture  of  fluviatile  species,  and  amongst  them  the  skull 
of  the  i^arwal,  or  sea  unicorn  (Monodon  monoceros)^  has  been  detected. 
Underneath  all  these  deposits  is  a  bed  of  pipe-clay,  derived  from  the 
subjacent  chalk.| 

*  See  Deflmaresf  8  Crustacea,  pL  55. 

f  Dr.  Bigsbvy  Jonm.  of  Science,  Ac  No.  zxzvii  pp.  262,  268. 
z  Hantell,  CTeol  of  Sussej^  p^  285 ;  also  Caialogne  of  Ozg;  Rem.,  Gec^   Tim, 
voL  iii,  part  i  p.  201.,  2nd  Beriea. 
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If  we  had  no  historical  information  respecting  the  former  existence  of 
an  inlet  of  the  sea  in  this  valley  and  of  its  gradual  obliteration,  the 
inspection  of  the  section  above  described  would  show,  as  clearly  as  a 
written  chronicle,  the  following  sequence  of  events.  First,  there  was  a 
salt-water  estuary  peopled  for  many  years  by  species  of  marine  Testacea 
identical  with  those  now  living,  and  into  which  some  of  the  larger  Ceta- 
cea  occasionally  entered.  Secondly,  the  inlet  grew  shallower,  and  the 
water  became  brackish,  or  alternately  salt  and  fresh,  so  that  the  remains 
of  freshwater  and  marine  shells  were  mingled  in  the  blue  argillaceous 
sediment  of  its  bottom.  Thirdly,  the  shoaling  continued  until  the  river- 
water  previdled,  so  that  it  was  no  longer  habitable  bj  marine  Testacea, 
but  fitted  only  for  the  abode  of  fluviatile  species  and  aquatic  insects. 
Fourthly,  a  peaty  swamp  or  morass  was  formed,  where  some  trees  grew, 
or  perhaps  were  drifted  during  floods,  and  where  terrestrial  quadrupeds 
were  mired.  Finally,  the  soil  being  flooded  by  the  river  only  at  distant 
intervals,  became  a  verdant  meadow. 

In  delta  of  Ganges  and  Indus. — ^It  was  before  stated,  that  on  the 
sea-coast,  in  the  delta  of  the  Ganges,  there  are  eight  great  openings, 
each  of  which  has  evidently,  at  some  ancient  period,  served  in  its  turn 
as  the  principal  channel  of  discharge.*  As  the  base  of  the  delta  is  200 
miles  in  length,  it  must  happen  that,  as  often  as  the  great  volume  of 
river-water  is  thrown  into  the  sea  by  a  new  mouth,  the  sea  will  at  one 
point  be  converted  from  salt  to  fresh,  and  at  another  from  fresh  to  salt ; 
for,  with  the  exception  of  those  parts  where  the  principal  discharge  takes 
place,  the  salt  water  not  only  washes  the  base  of  the  delta,  but  enters  far 
into  every  creek  and  lagoon.  It  is  evident,  then,  that  repeated  alterna- 
tions of  beds  containing  freshwater  sheik,  with  others  filled  with  marine 
exuviae,  may  here  be  formed.  It  has  also  been  shown  by  artesian  borings 
at  Calcutta  (see  above,  p.  267),  that  the  delta  once  extended  much  far- 
ther than  now  into  the  gulf,  and  that  the  river  is  only  recovering 
from  the  sea  the  ground  which  had  been  lost  by  subsidence  at  some 
former  period.  Analogous  phenomena  must  sometimes  be  occasioned 
by  such  alternate  elevation  and  depression  as  has  occurred  in  modem 
times  in  the  delta  of  the  Indus,  f  But  the  subterranean  movements 
afiect  but  a  small  number  of  the  deltas  formed  at  one  period  on  the 
globe ;  whereas  the  silting  up  of  some  of  the  arms  of  great  rivers 
and  the  opening  of  others,  and  the  consequent  variation  of  the  points 
where  the  chief  volume  of  their  waters  is  discharged  into  the  sea,  are 
phenomena  common  to  almost  every  delta. 

The  variety  of  species  of  Testacea  contained  in  the  recent  calcareous 
marl  of  Scotland,  before  mentioned,  is  very  small,  but  the  abundance  of 
individuals  extremely  great,  a  circumstance  very  characteristic  of  fresh- 
water formations  in  general,  as  compared  to  marine ;  for  in  the  latter,  as 
is  seen  on  sea-beaches,  coral-reefe,  or  in  the  bottom  of  the  seas  examined 
by  dredging,  wherever  the  individual  shells  are  exceedingly  numerous, 
there  rarely  fails  to  be  a  vast  variety  of  species. 

,*Pag627«.  t^«S«4^ 
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Imbedding  of  ih$  jRemaiM  fjf  Marine  Plants  and  Animals, 

Marine  plants. — ^The  large  banloB  of  diift  sea-weed  which  occur  on 
each  side  of  the  equator  in  the  Atlantic,  Pacific,  and  Indian  oceans,  were 
before  alluded  to.*  These,  when  they  subside,  may  often  produce  con- 
siderable beds  of  vegetable  matter.  In  Hollanil,  sub-marine  peat  is 
derived  from  Fuci,  and  on  parts  of  our  own  coast  firom  Zostera  marina. 
In  places  where  Alg»  do  not  generate  peat,  they  may  nevertheless  leave 
traces  of  their  form  imprinted  on  argillaceous  and  calcareous  mud,  as 
they  are  usually  very  tough  in  their  texture. 

Sea-weeds  are  often  cast  up  in  such  abundance  on  our  shores  during 
heavy  gales,  that  we  cannot  doubt  that  occasionally  vast  numbers  of  them 
are  imbedded  in  littoral  deposits  now  in  progress.  We  learn  from  the 
researches  of  Dr.  Forchhammer,  that  besides  supplying  in  common  with 
land  plants  the  materials  of  coal,  the  A]g»  must  give  rise  to  important 
chemical  changes  in  the  composition  of  strata  in  which  they  are  imbed- 
ded. These  plants  always  contain  sulphuric  acid,  and  sometimes  in  as 
large  a  quantity  as  8^  per  cent,  combined  with  potash :  magnesia  also 
and  phosphoric  acid  are  constant  ingredients.  Whenever  laige  masses 
of  sea-weeds  putrefy  in  contact  with  ferruginous  clay,  sulphuret  of  iron, 
or  iron  pyrites,  is  formed  by  the  union  of  the  sulphur  of  the  plants  with 
the  iron  of  the  clay ;  while  the  potash,  released  from  its  union  with  the 
clay  (i.  e.  silicate  of  alumina),  forms  with  it  a  peculiar  compound. 
Many  of  the  mineral  characteristics  of  ancient  rocks,  especially  the  alum 
slates,  and  the  pyrites  which  occur  in  clay  slate,  and  the  fragments  of 
anthracite  in  marine  Silurian  strata,  may  be  explained  by  the  decompo- 
sition of  fucoids  or  sea-weeds,  f 

Imbedding  of  cetacea, — ^It  is  not  uncommon  for  the  larger  Cetacea, 
which  can  float  only  in  a  considerable  depth  of  water,  to  be  carried  dur- 
ing storms  or  high  tides  into  estuaries,  or  upon  low  shores,  where,  upon 
the  retiring  of  high  water,  they  are  stranded.  Thus  a  narwal  {Monodon 
monoceros)  was  found  on  the  beach  near  Boston  in  Lincolnshire,  in  the 
year  1800,  the  whole  of  its  body  buried  in  the  mud.  A  fisherman  going 
to  his  boat  saw  the  horn,  and  tried  to  pull  it  out,  when  the  animal  began 
to  stir  itself.  ^  An  individual  of  the  common  whale  [Balama  mysiicetus\ 
which  measured  seventy  feet,  came  ashore  near  Peterhead,  in  1682. 
Many  individuals  of  the  genus  Bal^noptera  have  met  the  same  fate.  It 
will  be  suflScient  to  refer  to  those  cast  on  shore  near  Burnt  Island,  and 
at  Alloa,  recorded  by  Sibbald  and  Neill.  The  other  individual  mentioned 
by  Sibbald,  as  having  come  ashore  at  Boyne,  in  Banfishire,  was  probably 
a  razor-back.  Of  the  genus  Catodon  {Cachalot),  Ray  mentions  a  laige 
one  stranded  on  the  west  coast  of  Holland  in  1598,  and  the  &ct  is  also 
commemorated  in  a  Dutch  engraving  of  the  time  of  much  merit  Sib- 
bald, too,  records  that  a  herd  of  Cachalots,  upwards  of  100  in  number 

•  5f««  .»•».  t  Forchliammep,  Report  British  Absoc.  1844. 

X  fieming's  Brit  Aminalii^  p.  87 ;  io  which  work  other  cases  are  enumetmte^ 
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were  found  stranded  at  Cairston,  in  Orkney.  The  dead  bodies  of  the 
larger  Cetacea  are  sometimes  found  floating  on  the  surface  of  the  waters, 
as  was  the  case  with  the  immense  whale  exhibited  in  London  in  1831. 
And  the  carcase  of  a  sea-<x>w  or  Lamantine  {Halicora)  was,  in  1*786, 
cast  ashore  near  LeitL 

To  some  accident  of  this  Mnd  we  may  refer  the  position  of  the  skeleton 
of  a  whale,  seventy-three  feet  long,  which  was  found  at  Airthrey,  on  the 
Forth,  near  Stirling,  imbedded  in  clay  twenty  feet  higher  than  the  sur- 
ikoe  of  the  highest  tide  of  the  mer  Forth  at  the  present  day.  From  the 
situation  of  the  Roman  station  and  causeways  at  a  small  distance  from 
the  spot,  it  is  concluded  that  the  whale  must  have  been  stranded  there  at 
a  period  prior  to  the  Christian  era.* 

Other  fossil  remains  of  this  class  have  also  been  found  in  estuaries  known 
to  have  been  silted  up  in  recent  times,  one  example  of  which  has  been 
already  mentioned  near  Lewes,  in  Sussex. 

Marine  reptiles, — Some  singular  fossils  have  lately  been  discovered  in 
p.^  jQj,  the  Island  of  Ascension,  in  a  stone  said  to  be 

continually  forming  on  the  beach,  where  the 
waves  threw  up  small  rounded  fragments  of 
shells  and  corals,  which,  in  the  course  of  time, 
become  firmly  agglutinated  together,  and  con- 
stitute a  stone  used  largely  for  building  and 
making  lime.  In  a  quarry  on  the  N.  W.  side 
of  the  island,  about  100  yards  from  the  sea, 
some  fossil  eggs  of  turtles  have  been  discover- 
^""' wSd  of  ii^^SiolJT  ^  ed  in  the  hard  rock  thus  formed.  The  eggs 
must  have  been  nearly  hatched  at  the  time  when  they  perished ;  for  the 
bones  of  the  young  turtle  are  seen  in  the  interior,  with  their  shape  fully  de- 
veloped, the  interstices  between  the  bones  being  entirely  filled  with  grains 
of  sand,  which  are  cemented  together,  so  that  when  the  egg-shells  are  re- 
moved perfect  casts  of  their  form  remain  in  stone.  In  the  single  specimen 
here  figured  (fig.  106),  which  is  only  five  inches  in  its  longest  diameter, 
no  less  than  seven  eggs  are  preserved.]; 

To  explain  the  state  in  which  they  occur  fossil,  it  seems  necessary  to 
suppose  that  after  the  eggs  were  almost  hatched  in  the  warm  sand,  a 
great  wave  threw  upon  them  so  much  more  sand  as  to  prevent  the  rays 
of  the  sun  from  penetrating,  so  that  the  yolk  was  chiljed  and  deprived  of 

*  Quart  JoxiriL  of  Lit.  ScL,  ikc.,  No  xv.,  p.  172.     Oct  1819. 

f  This  fpeeimen  has  been  presented  by  Mr.  Lonsdale  to  the  Geological  Society 
of  London. 

X  The  most  conspicuous  of  the  bones  represented  within  the  shell  in  fig.  107, 
appear  to  be  the  clavicle  and  coracoid  bone.  They  are  hollow ;  and  for  this 
reason  resemble^  at  first  sight,  the  bones  of  birds  rather  than  of  reptiles ;  for  the 
Utter  have  no  mednllary  cavity.  ProC  Owen,  of  the  College  of  Surgeons,  in 
order  to  elucidate  this  point,  clissected  for  me  a  very  young^  turtle,  and  found 
that  the  exterior  portion  only  of  the  bones  was  ossified,  the  interior  beinff  still 
filled  with  cartilage.  This  cartilage  soon  dried  up  and  shrank  to  a  mere  thread 
upon  the  evaporation  of  the  spirits  of  wine  in  whioh  the  specimen  had  been  pre- 
■MTved.  so  that  in  a  short  time  the  bones  became  as  empty  as  those  of  birds. 
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Okte  of  the  eggw  in  fig.  100,  of  tho  natural  size,  showing  tha  bonat  of  the  fotua  whieli  hid 
bean  naarly  hatched. 

vitality.  The  shells  were,  perhaps,  slightly  broken  at  the  same  time,  ao 
that  small  graim  of  sand  might  gradually  be  introduced  into  the  interior 
by  water  as  it  percolated  through  the  beach. 

Marine  tettaeea, — ^The  aquatic  animals  and  plants  which  inhabit  an 
estuary  are  liaUe,  like  the  trees  and  land  animals  which  people  the  allu- 
vial plains  of  a  great  river,, to  be  swept  from  time  to  time  &r  into  the 
deep ;  for  as  a  river  is  perpetually  shifting  its  course,  and  undermining  a 
portion  of  its  banks  with  the  foresta  which  cover  them,  so  the  marine 
current  alters  its  direction  from  time  to  time,  and  bears  away  the  banks 
of  sand  and  mud  agdnst  which  it  turns  its  force.  These  banks  may  con- 
sist in  great  measure  of  shells  peculiar  to  shallow  and  sometimes  brackish 
water,  which  may  have  been  accumulating  for  centuries,  until  at  length 
tliey  are  carried  away  and  spread  out  along  the  bottom  of  the  sea,  at  a 
depth  at  which  they  could  not  have  lived  and  multiplied.  Thus  littoral 
and  estuary  shells  are  more  frequently  liable  even  than  frediwater  species, 
to  be  intermixed  with  the  exuvise  of  pelagic  tribes. 

After  the  storm  of  February  4,  1831,  when  several  vessels  were 
wrecked  in  the  estuary  of  ihQ  Forth,  the  current  was  directed  against  a 
bed  of  oysters  with  such  force,  that  great  heaps  of  them  were  thrown 
alive  upon  the  beaoh,  and  remained  above  high-water  mark.  I  collected 
many  of  these  oysters,  as  ako  the  oonunon  eatable  whelks  {Buccma)^ 
thrown  up  with  them,  and  observed  that,  although  still  living,  their 
shells  were  worn  by  the  long  attrition  of  sand  which  had  passed  over 
them  as  they  lay  in  their  native  bed,  and  which  had  evidently  not  re- 
sulted from  the  mere  action  of  the  tempest  by  which  they  were  cast 
ashore. 

From  these  iac^  we  leant  that  the  union  of  the  two  parts  of  a  biva]?A 
shell  does  not  prove  that  it  has  not  been  transported  to  a  distance  ;  and 
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when  we  find  Bhefls  worn,  and  with  all  their  prominent  parts  rubbed  ofi; 
they  may  still  have  been  imbedded  where  they  grew. 

Burrowing  shells, — ^It  sometimes  appears  extraordinary,  when  we  ob 
serve  the  violence  of  the  breakers  on  onr  coast,  and  see  the  strength  of 
the  current  in  removing  clifife,  and  sweeping  out  new  channels,  that  many 
tender  and  fragile  shells  should  inhabit  the  sea  in  the  immediate  vicinity 
of  this  turmoiL  But  a  great  number  of  the  bivalve  Testaoea,  and  many 
also  of  the  turbinated  univalves,  burrow  in  sand  or  mud.  The  Solen 
and  the  Oardium,  for  example,  which  are  usually  found  in  shallow 
water  near  the  shore,  pierce  through  a  soft  bottom  without  injury 
to  their  shells ;  and  the  Pholas  can  drill  a  cavity  through  mud  of  con- 
siderable hardness.  The  species  of  these  and  many  other  tribes  can  sink, 
when  alarmed,  with  considerable  rapidity,  often  to  the  depth  of  several 
feet,  and  can  also  penetrate  upwards  again  to  the  surface,  if  a  mass  of 
matter  be  heaped  upon  them.  The  hurricane,  therefore,  may  expend  its 
fury  in  vain,  and  may  sweep  away  even  the  upper  part  of  banks  of  sand 
or  mud,  or  may  roll  pebbles  over  them,  and  yet  these  Testaoea  may  re- 
main below  secure  and  uninjured. 

Shells  become  fossil  at  considerable  depths, — I  have  already  stated 
that^  at  the  depth  of  950  fathoms,  between  Gibraltar  and  Ceuta,  Cap- 
tain Smith  found  a  gravelly  bottom,  with  fragments  of  broken  shells, 
carried  thither  probably  from  the  comparatively  shallow  parts  of  the 
neighboring  straits,  through  which  a  powerful  current  flows.  Beds  of 
shelly  sand  might  here,  in  the  course  of  ages,  be  accumulated  several 
thousand  feet  thick.  But,  without  the  aid  of  the  drifting  power  of  a 
current,  shells  may  accumulate  in  the  spot  where  they  live  and  die,  at 
great  depths  from  the  surface,  if  sediment  be  thrown  down  upon  them ; 
for  even  in  our  own  colder  latitudes,  the  depths  at  which  living  marine 
animals  abound  is  very  considerable.  Captain  Yidal  ascertained,  by 
soundings  made  off  Tory  Island,  on  the  northwest  coast  of  Ireland,  that 
Crustacea,  Star-fish,  and  Testacea  occurred  at  various  depths  between 
fifty  and  one  hundred  &thoms ;  and  he  drew  up  Dentalia  from  the  mud 
of  Galway  Bay,  in  230  and  UOfaihoms  water. 

The  same  hydrographer  discovered  on  the  Rockhall  Bank  large  quan- 
tities of  shells  at  depths  varying  fix>m  45  to  190  fathoms.  The  shells 
were  for  the  most  part  pulverized,  and  evidently  recent,  as  they  retained 
their  colors.  In  the  same  region  a  bed  of  fish  bones  was  observed  extend* 
ing  for  two  miles  along  the  bottom  of  the  sea  in  eighty  and  ninety 
fathoms  water.  At  the  eastern  extremity  also  of  Rockhall  Bank,  fish- 
bones were  met  with,  mingled  with  pieces  of  fresh  shell,  at  the  depth  of 
285  fiithoms. 

Analogous  formations  are  in  progress  in  the  submarine  tracts  extend- 
ing from  the  Shetland  Isles  to  the  north  of  Ireland,  wherever  soundings 
can  be  procured.  A  continuous  deposit  of  sand  and  mud,  replete  with 
broken  and  entire  shells,  Echini,  Ac,  has  been  traced  for  upwards  of 
twenty  miles  to  the  eastward  of  the  Faroe  Islands,  usually  at  the  depth 
of  from  forty  to  one  hundred  fiithoms.    In  one  part  of  this  tract  (Int 
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61^  50',  long.  6^  30')  fiiah-bones  occur  in  eztraordinaiy  profusion,  so  that 
*he  lead  cannot  be  drawn  up  without  some  vertebrse  being  attadbed. 
This  *'  bone  bed,"  as  it  was  called  by  our  sunrejors,  is  three  rnile^  and  a 
iialf  in  length,  and  forty-five  &thom3  under  water,  and  contains  a  few 
shells  intermingled  with  the  bones. 

In  the  British  seas,  the  shells  and  other  oiganic  remains  lie  in  wA 
mud  or  loose  sand  and  gravel ;  whereas,  in  the  bed  of  the  Adriatic, 
Donati  found  them  frequently  inclosed  in  stone  of  recent  origin.  This 
is  precisely  the  difference  in  character  which  we  might  have  expected  to 
oxist  between  the  British  marine  formations  now  in  progress  and  those 
of  the  Adriatic ;  for  calcareous  and  other  mineral  springs  abound  in  the 
Mediterranean  and  lands  adjoining,  while  they  aro  ^mosi  entirely  want- 
ing in  our  own  country.  I  have  already  adverted  to  the  eight  re^ons  of 
different  depths  in  the  i£gean  Sea,  each  characterized  by  a  pecnliar  as- 
semblage of  shells,  which  have  been  described  by  Professor  £.  Forbes, 
who  explored  them  by  dredging.     (See  above,  p.  649.) 

During  his  survey  of  the  west  coast  of  Africa,  Captain  bir  R  Belcher 
found,  by  frequent  soundings  between  the  twenty-third  and  twentieth  de- 
grees of  north  latitude,  that  the  bottom  of  the  sea,  at  the  depth  of  from 
twenty  to  about  fifty  fathoms,  consists  of  sand  with  a  great  intermixture 
of  shells,  often  entire,  but  sometimes  finely  comminuted.  Between  the 
eleventh  and  ninth  degrees  of  north  latitude,  on  the  same  coast,  at  sound- 
ings varying  from  twenty  to  about  eighty  fathoms,  he  brought  up  abun- 
dance of  corals  and  shells  mixed  with  sand.  These  also  were  in  some 
parts  entire,  and  in  others  worn  and  broken. 

In  all  these  cases,  it  is  only  necessaiy  that  there  should  be  some  depo- 
sition of  sedimentaiy  matter,  however  minute,  such  as  may  be  supplied 
by  rivers  draining  a  continent,  or  currents  preying  on  a  line  of  diffi,  in 
order  that  stratified  formations,  hundreds  of  feet  in  thickness,  and  replete 
with  organic  remains,  should  result  in  the  course  of  ages. 

But  although  some  deposits  may  thus  extend  continuously  for  a  thou- 
sand miles  or  more  near  certain  coasts,  the  greater  part  of  the  bed  of  the 
ocean,  remote  from  continents  and  isknds,  may  very  probably  receive,  at 
the  same  time,  no  new  accessions  of  drift  matter,  all  sediment  being  in- 
tercepted by  intervening  hollows,  in  which  a  marine  current  must  dear  its 
waters  as  thoroughly  as  a  turbid  river  in  a  lake.  Erroneous  theories  in 
geology  may  be  formed  not  only  from  overlooking  the  great  extent  of 
simultaneous  deposits  now  in  progress,  but  also  from  the  assumption 
tliat  such  formations  may  be  universal  or  coextensive  with  the  bed  of 
the  ocean. 

We  frequently  observe,  on  the  sea  beach,  very  perfect  specim^is  ci 
foesil  shells,  quite  detached  from  their  matrix,  which  have  been  washed 
out  of  older  formations,  constituting  the  sea-cliffs.  They  may  be  all  of 
extinct  species,  like  the  Eocene  freshwater  and  marine  shdls  strewed  over 
tlie  shores  of  Hampshire,  yet  when  they  become  minted  with  the  shells 
of  the  present  period,  and  buried  in  the  same  deposits  of  mud  and  sand, 
they  would  appear,  if  upraised  and  examined  by  future  geologists,  to 
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have  been  all  of  the  same  age.  That  such  intermixtuie  and  blending 
of  organic  remains  of  different  ages  have  actually  taken  place  in  former 
times,  is  unquestionable,  though  the  occurrence  appears  to  be  very  local 
and  exceptional.  It  is,  however,  a  class  of  accidents  more  likely  than 
almost  any  other  to  lead  to  serious  anachronisms  in  geological  chrono- 
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Growth  of  coral  chiefly  confined  to  tropical  regions — ^Principal  genera  of  coral- 
building  zoophytea — ^Their  rate  of  growth — Seldom  flourish  at  greater  depths 
than  twenty  fathoms — ^Atolls  or  annular  reefs  with  lagoons — ^Maldive  Isles — 
Origin  of  the  circular  form — Coral  ree&  not  based  on  suboierged  Tolcanic 
craters — ^Mr.  Darwin's  theory  of  subsidence  in  explanation  of  atolls^  encircling 
and  barrier  reefe— Why  the  windward  side  of  atolls  highest— Subwdence  ex- 
plains why  all  atolls  are  nearly  on  one  level — ^Alternate  areas  of  elevation  and 
Bubeidence — Origin  of  openings  into  the  lagoons — Size  of  atolls  and  barrier 
reefs — Objection  to  the  theory  of  subsidence  considered — Composition,  struc- 
ture, and  stratified  arrangement  of  rocks  now  forming  in  coral  reefs — lime, 
whence  derived — Supposed  increase  of  calcareous  matter  in  modem  epochs 
controverted — Concluding  remarks. 

The  powers  of  the  organic  creation  in  modifying  the  form  and  structure 
of  the  earth's  crust,  are  most  conspicuously  displayed  in  the  labors  of  the 
coral  animals.  We  may  compare  the  operation  of  these  zoophytes  in  the 
ocean,  to  the  effects  produced  on  a  smi^er  scale  upon  the  land  by  the 
plants  which  generate  peat  In  the  case  of  the  Sphagnum,  the  upper 
part  vegetates  while  the  lower  part  is  entering  into  a  mineral  mass,  in 
which  the  traces  of  organization  remain  when  life  has  entirely  ceased. 
In  corals,  in  like  manner,  the  more  durable  materials  of  the  generation 
that  has  passed  away  serve  as  the  foundation  on  which  the  living  animals 
continue  to  rear  a  similar  structure. 

The  stony  part  of  the  lamelliform  zooph3rte  may  be  hkened  to  an 
internal  skeleton;  for  it  is  always  more  or  less  surrounded  by  a  soft  ani- 
mal substance  capable  of  expanding  itself;  yet,  when  alarmed,  it  has  the 
power  of  contracting  and  drawing  itself  almost  entirely  into  the  cells  and 
hollows  of  the  hard  coral  Although  oftentimes  beautifully  colored  in 
their  own  element,  the  soft  parts  become  when  taken  from  the  sea 
nothing  more  in  appearance  than  a  brown  slime  spread  over  the  stony 
nucleus.* 

The  growth  of  those  corals  which  form  reefe  of  solid  stone  is  entirely 
confined  to  the  warmer  regions  of  the  globe,  rarely  extending  beyond  the 
tropics  above  two  or  three  d^rees,  except  under  peculiar  circumstances, 

•  Ehrenberg,  Kat  und  Bild.  der  Coralleninsehi.  &e^  Berlin,  1884 
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as  in  the  Bennuda  Lslands,  in  lat  32^  N^  where  the  Atlantic  is  wanned 
by  the  Gulf  stream.  The  Pacific  Ocean,  throughout  a  space  compro- 
hended  between  the  thirtieth  parallels  d  latitude  on  each  side  <^  the 
equator,  is  extinemely  productive  of  coral ;  as  also  are  the  Arabian  and 
Persian  Gulfs.  Coral  is  also  abundant  in  the  sea  between  the  coast  of 
Malabar  and  the  island  of  Madagascar.  Flinders  describes  a  reef  of  coral 
on  the  east  coast  of  New  Holland  as  having  a  length  of  nearly  1000 
miles,  and  as  being  in  one  part  unbroken  for  a  distance  of  350  miles. 
Rome  groups  of  coral  islands  in  the  Pacific  are  torn  1100  to  1200  miles 

in  length,  by  800  or  400  in  breadth, 
as  the  Dangerous  Archipelago,  for 
example,  and  that  called  Radack  by 
Kotzebue;  but  the  islands  within 
these  spaces  are  always  small  pointed 
and  often  very  thinly  sown* 

Of  the  numerous  species  of  zoo- 
pliytes  which  are  engaged  in  the 
production  of  coral  banks,  some  of 
the  most  conmion  belong  to  the 
Lamarckian  genera  Astrea,  Porites^ 
Madrepora,  Millepora,  Caryophyllia, 
and  Meandrina. 

Hate  of  the  growth  of  Coral, — ^Very  different  opinions  have  been 
entertained  in  regard  to  the  rate  at  which  coral  reefe  increase.  In 
Captain  Beechey's  late  expedition  to  the  Pacific,  no  positive  inConnation 
could  be  obtained  of  any  channel  having  been  filled  up  within  a  given 
period;  and  it  seems  established,  that  several  reefe  had  remained  for 
more  than  half  a  century,  at  about  the  same  depth  from  the  surCv^e. 

Ehrenberg  also  questions  the  fact  of  channels  and  harbors  having 
been  closed  up  in  the  Red  Sea  by  the  rapid  increase  of  coral  limestone. 
He  supposes  the  notion  to  have  arisen  from  the  circumstance  of  havens 
having  been  occasionally  filled  iip  in  some  places  with  coral  sand,  in 
others  with  large  quantities  of  ballast  of  coral  rock  thrown  down  fix>m 
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The  natives  of  the  Bermuda  Islands  point  out  certain  corals  now 
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growiDg  in  the  sea,  which,  accordinj^  to  tradition,  have  been  living  in  the 
same  spots  for  centuries.  It  is  supposed  that  some  of  them  may  vie  in 
age  with  the  most  ancient  trees  of  Europe.  Ehrenbei^  also  observed 
single  corals  of  the  genera  Meandrina  and  Favia,  having  a  globular 
form,  from  six  to  nine  feet  in  diameter,  ^  which  must  (he  says)  be  of 
immense  antiquity,  probably  several  thousand  years  old,  so  that  Pharaoh 
may  have  looked  upon  these  same  individuals  in  the  Red  Sea.''*  They 
certainly  imply,  as  he  remarks,  that  the  reef  on  which  they  grow  has 
increased  at  a  very  slow  rate.  After  collecting  more  than  100  species, 
he  found  none  of  them  covered  with  parasitic  zoophytes,  nor  any 
instance  of  a  living  coral  growing  on  another  living  coral.  To  this 
repulsive  power  which  they  exert  whilst  living,  against  all  others  of 
their  own  class,  we  owe  the  beautiful  symmetry  of  some  large  Meandri« 


*  See  Ehrenberg^s  work  above  cited,  p.  751. 
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n«y  and  other  species  vhich  adorn  our  mnseams.  Yet  Balani  and 
Serpulas  can  attach  themselves  to  living  corals,  and  holes  are  exoavated 
in  Uiem  by  sazioavous  moUosca. 

At  the  island  called  Taaopoto,  in  the  South  Pacific,  the  anchor  of  a 
ship,  wrecked  about  50  years  before,  was  observed  in  seven  fathoms 
water,  still  preserving  its  original  form,  but  entirely  incrusted  by  coraL* 
This  fact  would  seem  to  imply  a  slow  rate  of  augmentation ;  but  to 
form  a  correct  estimate  of  the  average  rate  must  be- very  difficult,  since 
it  must  vary  not  only  according  to  the  species  of  coral,  but  according 
to  the  circumstances  under  which  each  species  may  be  placed ;  such,  for 
example,  as  the  depth  firom  the  surface,  the  quantity  of  light,  the  tem- 
perature of  the  water,  its  freedom  from  sand  or  mud,  or  the  absence  or 
presence  of  breakers,  which  is  favorable  to  the  growth  of  some  kinds 
and  is  fatal  to  that  of  others.  It  should  also  be  observed  that  the 
apparent  stationary  condition  of  some  coral  ree&,  which  according  to 
Beechey  have  remained  for  centuries  at  the  same  depth  under  water, 
may  be  due  to  subsidence,  the  upward  growth  of  the  coral  having  been 
just  sufficient  to  keep  pace  with  the  sinking  of  the  solid  foundation  on 
which  the  zoophytes  have  built.  We  shall  afterwards  see  how  far  th» 
hypothesis  is  borne  out  by  other  evidence  in  the  regions  <^  annular 
reefs  or  atolls. 

In  one  of  the  Maldive  islands  a  coral  reef,  which,  within  a  few  years, 
existed  on  an  islet  bearing  cocoa-nut  trees,  was  found  by  Lieutenant 
Prentice,  *^  entirely  covered  with  live  coral  and  madreporeJ*  The  natives 
stated  that  the  islet  had  been  washed  away  by  a  change  in  the  currents, 
and  it  is  clear  that  a  coating  of  growing  coral  had  been  formed  in  a 
short  time.f  Experiments,  also,  of  Dr.  Allan,  on  the  east  coast  of 
Madagascar,  prove  the  possibility  of  coral  growing  to  a  thickness  of 
three  feet  in  about  half  a  year,];  so  that  the  rate  of  increase  may,  under 
favorable  circumstances,  h^  very  far  from  slow. 

It  must  not  be  supposed  that  the  calcareous  masses  termed  coral 
ree&  are  exclusively  the  work  of  zoophytes :  a  great  variety  of  shells, 
and,  among  them,  some  of  the  largest  and  heaviest  of  known  species, 
contribute  to  augment  the  mass.  In  the  South  Pacific,  great  beds  of 
oysters,  mussels.  Pinna  marina!^  Chamce  (or  TridacncB)^  and  other 
shells,  cover  in  profusion  almost  every  reef;  and  on  the  beach  of  corai 
islands  are  seen  the  shells  of  echini  and  broken  fragments  of  crustaceons 
animals.  Large  shoals  of  fish  are  also  discernible  through  the  clear 
blue  water,  and  their  teeth  and  hard  palates  cannot  fail  to  be  often 
preserved  although  their  soft  cartilaginous  bones  may  decay. 

It  was  the  opinion  of  the  German  naturalist  Forster,  in  1780,  after  his 
voyage  round  the  world  with  Captain  Cook,  that  coral  animals  had  the 
power  of  building  up  steep  and  almost  peipendicular  walls  from  great 
depths  in  the  sea,  a  notion  afterwards  adopted  by  Captain  flinders  and 

*  Statchbaiy,  West  of  England  Jonzna],  No.  i  p.  49. 

{Darwin*8  Coral  ReeSh,  p.  77. 
Ibid.  78.  ^ 
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others ;  but  it  is  now  very  generally  believed  that  these  zoophytes  cannot 
live  in  water  of  great  depths. 

Mr.  Darwin  has  come  to  the  conclusion,  that  those  species  which  are 
most  effective  in  the  constrnction  of  reefs,  rarely  flourish  at  a  greater 
depth  than  20  fathoms,  or  120  feet  In  some  lagoons,  however,  where 
the  water  is  but  little  agitated,  there  are,  according  to  Kotzebue,  beds  of 
living  coral  in  25  ftithoms  of  water,  or  150  feet ;  but  these  may  perhaps 
have  begun  to  live  in  shallower  water,  and  may  have  been  carried  down- 
wards by  the  subsidence  of  the  ree£  There  are  also  various  species  of 
zoophytes,  and  among  them  some  which  are  provided  with  calcareous  as 
well  as  homy  stems,  which  live  in  much  deeper  water,  even  in  some  cases 
to  a  depth  of  180  &thoms;  but  these  do  not  appear  to  give  origin  to 
stony  reefe. 

There  is  every  variety  of  form  in  coral  reefe,  but  the  most  remarkable 
and  numerous  in  the  Pacific  consist  of  circular  or  oval  strips  of  dry  land, 
enclosing  a  shallow  lake  or  lagoon  of  still  water,  in  which  zoophytes  and 
moUusca  abound.  These  annular  reefe  just  raise  themselves  above  the 
level  of  the  sea,  and  are  surrounded  by  a  deep  and  often  unfethomable 
ocean. 

In  the  annexed  cut  (fig.  114),  one  of  these  circular  islands  is  repre- 
sented, just  rising  above  the  waves,  covered  with  the  cocoa-nut  and 
other  trees,  and  indosbg  within  a  lagoon  of  tranquil  water. 

Fiff.  114. 


View  of  WhiUoiiday  Island.    (Capt.  fieaohey.)* 

The  accompanying  section  will  enable  the  reader  to  comprehend  the 
usual  form  of  such  islands.     (Fig.  115.) 

Pig.  119. 


SaetioB  of  a  Coral  Maad. 
«, «,  HaUUble  part  of  tlie  iiland,  consisting  of  a  strip  of  eoral,  indonag  Urn 
k,  kf  Tha  lagoon. 

*  Voyage  to  the  Pacific,  <fec.  in  1825-28. 
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The  sobjoiiied  out  (%  116.)  eidiibito  a  bhuII  part  of  the  fleo&n  of  m 
coral  ialand  on  a  larger  scale. 
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Seetioa  of  put  of  a  Corml  Maud. 

«,  ht  HabitebU  part  of  ike  ialand. 

7t  e,  SloM  of  t)M  ado  oftho  iaUnd,  plaaffiaf  ift  w  aafteof  fintrft^  to  AoAtplk 

of  fiftaen  hundred  feet. 
e,  c,  Part  of  ikm  lagooii. 
4(,  «|  Knolla  of  coral  in  the  lafoon,  with  ofiariuuiguif  naaaaa  oC  eoral  raatinhTing-  tiia 

capital!  of  eoliunna. 

Of  thirty-two  of  these  cora.  iilaads  vfdted  by  Beechey  in  his  voyage 
to  the  Pacific,  twenty-nine  had  lagoons  in  their  centres.  The  laigest  was 
90  miles  in  diameter,  and  the  smallest  less  than  a  mile.  All  were 
increasing  their  dimensions  by  the  active  operations  of  the  Ktfaophytes^ 
which  appeared  to  be  gradnally  extending  and  bringing  the  immeraed 
parts  of  their  structure  to  the  surface.    The  scene  presented  by  these  ' 

annular  reefii  is  equally  striking  for  its  singularity  and  beauty:  A  strip 
of  land  a  few  hundred  yards  wide  is  covered  by  lofty  cocoa-nut  trees,  ^ 

above  which  is  the  blue  vault  of  heaven.    This  bimd  of  verdure  is  ' 

bounded  by  a  beach  of  glittering  white  sand,  the  outer  maigin  of  which  I 

is  encircled  with  a  ring  of  snow-white  breakers,  beyond  which  are  the  dark 
heaving  waters  of  the  ocean.  The  inner  beach  incloses  the  still,  clear 
water  of  the  lagoon,  resting  in  its  greater  part  on  white  sand,  and  when 
illuminated  by  a  vertical  sun,  of  a  most  vivid  green.*  Certain  spedes 
of  zoophytes  abound  most  in  the  lagoon,  others  On  the  exterior  margin, 
where  there  is  a  great  sui£  ^'The  ocean,"  says  Mr.  Darwin,  ^throwing 
its  breakers  on  these  outer  i^res,  appears  an  invincible  enemy,  yet  we 
see  it  resisted  and  even  conquered  by  means  which  at  first  seem  most 
weak  and  inefficient  No  periods  of  repose  are  granted^  and  the  long 
swell  caused  by  the  steady  action  of  the  trade  wind  never  ceases.  The 
breakers  exceed  in  violence  those  of  our  temperate  regions,  and  it  is 
impossible  to  behold  them  without  feeling  a  convicdon  that  rocks  of  gra- 
nite or  quartz  would  ultimately  yieU  and  be  demolished  by  such  irresisti- 
ble forces.  Yet  these  low  insignificaat  coral  islets  stand  and  are 
victorious,  for  here  another  power,  as  antagomst  to  the  former,  takes  part 
in  the  contest  The  organic  forces  separate  the  atoms  of  carbonate  of 
lime  one  by  one  from  the  foaming  breakers,  and  unite  them  into  a  sym- 
metrical structure;  myriads  of  architects  are  at  work  night  and  day, 
month  after  month,  and  we  see  their  soft  and  gelatinous  bodies  throu^ 
the  agency  of  the  vital  laws  conquering  the  great  mechanical  power  of 
the  waves  of  an  ocean,  which  neither  the  art  of  man,  nor  the  inanimate 
works  of  nature  could  BucoeesfuUy  resist"  f 

*  Darwin'g  Journal,  Ac,  p.  640,  and  new  edit,  of  1845,  p.  468. 

t  Darwin's  Journal,  Ao.,  pp.  647,  548.,  and  2d  edit,  of  1846,  p  460. 
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As  the  coral  animals  lequise  to  be  continually  immersed  in  salt  wateri 
they  cannot  raise  themselves  by  their  own  eflfortB^  above  the  level  of  the 
lowest  tides.  The  manner  in  which  the  ree&  are  converted  into  islands 
above  the  level  of  the  sea  is  thus  described  by  Chamisso,  a  naturalist^ 
who  accompanied  Eotzebue  in  his  voyages : — ^  When  the  ree^"  says  he, 
**is  of  such  a  height  that  it  remains  almost  dry  at  low  water  the  corals 
leave  off  building.  Above  this  line  a  continuous  mass  of  solid  stone  is 
seen  composed  of  the  shells  of  moUnsks  and  echini,  with  their  broken-off 
'  prickles  and  fragments  of  coral,  united  by  calcareous  sand,  produced  by 
the  pulverization  of  shells.  The  heat  of  the  sun  often  penetrates  the 
mass  of  stone  when  it  is  dry,  so  that  it  splits  in  many  places,  and  the 
force  of  the  waves  is  thereby  enabled  to  separate  and  lift  blocks  of  coral, 
frequently  six  feet  long  and  three  or  four  in  thickness,  and  throw  them 
upon  the  reef,  by  which  means  the  ridge  becomes  at  lengtt  so  high  that 
it  is  covered  only  during  some  seasons  of  the  year  by  the  spring  tides. 
After  this  the  calcareous  sand  lies  undisturbed,  and  offers  to  the  seeds 
of  trees  and  plants  cast  upon  it  by  the  waves  a  soil  upon  which  they 
rapidly  grow,  to  overshadow  its  dazzling  white  surface.  Entire  trunks 
of  trees,  which  are  carried  by  the  rivers  from  other  countries  and  islands, 
find  here,  at  length,  a  resting-place  after  their  long  wanderings :  with 
these  come  some  small  animab  such  as  insects  and  lizards,  as  the  first 
inhabitants.  Even  before  the  trees  form  a  wood,  the  sea-birds  nestle  here ; 
stray  land-birds  take  refuge  in  the  bushes ;  and,  at  a  much  later  period, 
when  the  work  has  been  long  since  completed,  man  appears  and  builds 
his  hut  on  the  fruitful  soil."* 

In  the  above  description  the  solid  stone  is  stated  to  consist  of  shell  and 
coral,  united  by  sand ;  but  masses  of  very  compact  limestone  are  also 
found  even  in  the  uppermost  and  newest  parts  of  the  ree^  such  as  could 
only  have  been  produced  by  chemical  precipitation.  Professor  Agassiz 
also  informs  me  that  lus  observations  on  the  Florida  reeh  (which  confirm 
Darwin's  theory  of  atolls  to  be  mentioned  in  the  sequel)  have  convinced 
him,  that  large  blocks  are  loosened,  not  by  shrinkage  in  the  sun's  heat, 
as  Ghamisso  imagined,  but  by  innumerable  perforations  of  lithodomi  and 
other  boring  testacea. 

The  carbonate  of  lime  may  have  been  principally  derived  from  the 
decomposition  of  corals  and  testacea ;  for  when  the  animal  matter  under- 
goes putrefaction,  the  calcareous  residuum  must  be  set  free  under  circum- 
stances very  fiivorable  to  precipitation,  especially  when  there  are  other 
calcareous  substances,  such  as  shells  and  corals,  on  which  it  may  be  de* 
posited.  Thus  organic  bodies  may  be  inclosed  in  a  solid  cement,  and 
become  portions  of  rocky  ma8ses.f 

The  width  of  the  circular  strip  of  dead  coral  &nning  the  islands  ex« 
plofed  by  Captain  Beechey,  exceeded  in  no  instance  half  a  mile  from  the 
usual  wash  of  the  sea  to  the  edge  of  the  lagoon,  and,  in  general,  was 
only  about  three  or  four  hundred  yards.];    The  depth  of  the  kgoons  is 

•Kotzebne'a  Voy^  1815-18,  voLiiL  pp.  831-883.* 

f  Stotohbury,  Westof  £ng.  Journ.,  Ka  i.  p.  50.  t  Oaptain  Bee«h«y,  part  L  p.  188. 
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TariouB ;  in  some,  entered  by  Captain  Beechey,  it  was  from  twenty  to 

diirty-eight  fathoms. 

The  two  other  peculiarities  which  are  most  characteristic  of  the  annii* 
lar  wef  or  atoll  are  first,  that  the  strip  of  dead  ^»-  "7. 

coral  is  invariably  highest  on  the  windward 
ride,  and  secondly,  that  there  is  very  generally 
VI  opening  at  some  point  in  the  reef  afford- 
ing a  narrow  passage,  often  of  considerable 
depth,  from  the  sea  into  the  lagoon. 

Maldive  and  Zaccadive  Isles. — ^The  chain 
of  ree&  and  islets  called  the  Maldives  (see 
fig.  117.),  situated  in  the  Indian  Ocean,  to 
the  south-west  of  Malabar,  forms  a  chain 
470  geographical  miles  in  length,  running 
due  north  and  south,  with  an  average  breadth 
of  about  60  miles.  It  is  composed  through- 
out of  a  series  of  circular  assemblages  of 
islets,  all  formed  of  coral,  the  larger  groups 
bemg  frx>m  forty  to  ninety  miles  in  theur 
longest  diameter.  Captain  Horsburgh,  whose 
chart  of  these  islands  is  subjoined,  states,  that 
outside  of  each  circle  or  aUdl,  as  it  is  termed, 
there  are  ooral  reefe  sometimes  extending  to 
the  distance  of  two  or  three  miles,  beyond 
which  there  are  no  soundings  at  immense 
depths.  But  in  the  centre  of  each  atoll  there 
is  a  lagoon  frx>m  fifteen  to  forty-nine  fathoms 
deep.  In  the  channels  between  the  atolls  no 
soundings  can  usually  be  obtained  at  the 
depth  of  150  or  even  250  &thoms,  but  during 
Captain  Moresby's  survey,  soundings  were 
struck  at  150  and  200  fathoms,  the  only  in- 
stances as  yet  known  of  the  bottom  having 
been  reached,  either  in  the  Indian  or  Pacific 
oceans,  in  a  space  intervening  between  two 
separate  and  well  characterized  atolls. 

The  singularity  in  the  form  of  the  atolls 
>f  this  archipelago  consists  in  their  being 
inade  up,  not  of  one  continuous  circular  reef 
but  of  a  ring  of  small  coral  islets  some- 
times more  than  a  hundred  in  number,  each 
of  which  is  a  miniature  atoll  in  itself;  in  other  words,  a  ringnahaped  atrip 
of  coral  surrounding  a  lagoon  of  salt  water.  To  account  for  the  origin 
of  these,  Mr.  Darwin  supposes  the  laiger  annular  reef  to  have  been  broken 
up  into  a  number  of  fragipents,  each  of  which  acquired  its  peculiar  oen- 
figurations  under  the  influence  of  causes  similar  to  those  to  which  the 
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Structure  of  the  parent  atoll  has  been  due.  Many  of  the  minor  rings  ara 
no  less  than  three,  and  even  five  miles  in  diameter,  and  some  are  situated 
in  the  midst  of  the  principal  lagoon ;  but  this  happens  only  in  oases 
where  the. sea  can  enter  fi:eelj  through  breaches  in  the  outer  or  margina] 
reef. 

The  rocks  of  the  Maldives  are  composed  of  sandstone  formed  of  broken 
shells  and  corals,  such  as  may  be  obtained  in  a  loose  state  from  the  beach, 
and  which  is  seen  when  exposed  for  a  few  days  to  the  air  to  become  har- 
dened. The  sandstone  is  sometimes  observed  to  be  an  aggregate  of  broken 
absUs,  corals,  pieces  of  wood,  and  shells  of  the  cocoa-nut* 

The  Laccadive  islands  run  in  the  same  line  with  the  Maldives,  on  the 
north,  as  do  the  isles  of  the  Chagos  Archipelago,  on  the  south ;  so  that 
these  may  be  continuations  6f  the  same  chain  of  submerged  mountains^ 
crested  in  a  similar  manner  by  coral  limestones. 

Origin  of  the  circular  form — not  volcanic. — ^The  circular  and  oval 
shape  of  so  many  reefs,  each  having  a  lagoon  in  the  centre,  and  being 
surrounded  on  all  sides  by  a  deep  ocean,  naturally  suggested  the  idea  that 
they  were  nothing  more  than  the  crests  of  submarine  volcanic  craters 
overgrown  by  coral ;  and  this  theory  I  myself  advocated  in  the  earlier 
editions  of  this  work  Although  I  am  now  about  to  show  that  it  must 
be  abandoned,  it  may  still  be  instructive  to  point  out  the  grounds  on 
which  it  was  formerly  embraced.  In  the  first  place,  it  had  been  remarked 
that  there  were  many  active  volcanoes  in  the  coral  region  of  the  Pacific, 
and  that  in  some  places,  as  in  Gambler's  group,  rocks  composed  of  porous 
lava  rise  up  in  a  lagoon  bordered  by  a  circular  ree^  just  as  the  two  cones 
of  eruption  called  tne  Eamenis  have  made  their  appearance  in  the  times 
of  history  within  the  circular  gulf  of  Santorin.f  It  was  also  observed  that^ 
as  in  S.  Shetland,  Barren  Island,  and  others  of  volcanic  origin,  there  is 
one  narrow  breach  in  the  walls  of  the  outer  cone  by  which  ships « may 
enter  a  circular  gul^  so  in  like  manner  there  is  often  a  single  deep  passage 
leading  into  the  lagoon  of  a  coral  island,  the  lagoon  itself  seeming  to 
represent  the  hollow  or  gulf  just  as  the  ring  of  dry  coral  recals  to  our 
minds  the  rim  of  a  volcanic  crater.  More  lately,  indeed,  Mr.  Darwin  has 
shown  that  the  numerous  volcanic  craters  of  the  Galapagos  Archipelago 
in  the  Pacific  have  all  of  them  their  southern  sides  the  lowest^  or  in  many 
cases  quite  broken  down,  so  that  if  they  were  submerged  and  incrusied 
with  coral,  they  would  resemble  true  atolls  in  shape.| 

Another  argument  which  I  adduced  when  formerly  defending  this  doc- 
trine was  derived  from  Ehrenberg's  statement^  that  some  banks  of  coral 
in  the  Red  Sea  were  square,  while  many  others  were  ribbon-like  strips, 
with  flat  tops,  and  without  lagoons.  Since,  therefore,  all  the  genera  and 
many  of  the  species  of  zoophytes  in  the  Red  Sea  agreed  with  those  which 
elsewhere  construct  lagoon  islands,  it  followed  that  the  stone-making 

•  Captain  Moresby  on  the  Middivei^  Joum.  Roy.  Qeograph.  Soo,  ToL  T.part 
fi.pi400. 

t  See  above,  p.  442. 

%  I>arwiii,  Volcaiii^  Iilandfl^  p.  118. 
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foaphytes  jue  not  guided  by  their  oim  inftmofc  in  tiie  tofanaJdou  daaxaxk- 
lax  iee£s,  hst  tliat  thi8peciiUarfihi4)e  and  the  poeition  of  such  xee&  in  the 
midst  of  a  deep  ooean  must  depend  on  the  outline  of  the  submarine 
bottom,  which  resembles  nothing  else  in  nature  but  the  crater  of  a 
lofty  submerged  volcanic  cone.  The  enormous  size,  it  is  true,  of  some 
atolk,  made  it  necessaiy  for  me  to  ascribe  to  the  craters  of  many  sub- 
marine volcanoes  a  magnitude  which  was  startling,  and  which  had  often 
been  appealed  to  as  a  serious  objection  to  the  volcanic  theory.  That  so 
many  of  them  were  of  the  same  height,  or  just  level  with  the  water,  did 
not  present  a  difficulty  so  long  as  we  remained  ignorant  of  the  isBMst  that 
the  reef-building  species  do  not  grow  at  greaiter  depths  than  twenty-five 
finthoms. 

May  be  explained  by  mbsidenee.-^-IiiF.  Darwin,  after :  examining  a 
variety  of  coral  formations  in  dififerent  parts  of  the  globe,  was  induced 
to  reject  the  opinion  that  their  shape  represented  the  form  of  the  original 
bottom.  Instead  of  admitting  that  the  ring  oi  dead  coral  rested  on  a 
circular  or  oval  ridge  of  rock,  or  that  the  lagoon  conesponded  to  a  pre- 
existing cavity,  he  advanced  a  new  opinion^  which  must,  at  first  sight, 
seem  paradoidcal  in  the  extreme ;  naiufily,  that  the  lagoon  is  precisely  in 
the  place  once  occupied  by  the  highest  part  of  a  mountainous  island,  or, 
in  other  cases,  by  the  top  of  a  shoal. 

The  following  is  a  brief  sketch  of  the  facts  and  aiguments  in  favor  of 
this  new  view : — ^Besides  those  ringsof  dry  coral  whiehendoselagoonsi,  there 
are  others  having  a  similar  form  and  structure  which  encizde  lofty  ialaiid& 
Of  the  latter  kind  is  Yanikoro,  (see  map,  fig.  39,  p.  351,)  cdebrated  on 
account  of  the  shipwreck  of  La  Peyrouse,  where  Uie  coral  reef  runs  at 
the  distance  of  two  or  three  miles  fix)m  the  shore,  the  chamel  between  it 
and  the  land  having  a  general  depth  of  between  200  and  300  feet  This 
channel,  therefore,  is  analogous  to  a  lagoon,  but  with  an  isUmd  standing 
in  the  middle  like  a  picture  in  its  frame.  In  like  manner  in  Tahiti  we 
see  a  mountainous  land,  with  ever3rwhere  round  its  margin  a  lake  or 
zone  of  smooth  salt  water,  separated  from  the  ocean  by  an  encircling 
reef  of  coral,  on  which  a  line  of  breakers  is  idways  foaming.  So  also 
New  Caledonia,  a  long  narrow  isknd  east  of  New  Holland,  in  which  the 
rocks  are  granitic,  is  surrounded  by  a  reef  which  runs  for  a  length  of  400 
miles.  This  reef  encompasses  not  only  the  island  itself  but  a  ridge  of 
rocks  which  are  prolonged  in  the  same  direction  beneath  the  sea.  No 
one,  therefore,  will  contend  for  a  moment  that  in  this  case  the  corals  are 
based  upon  the  rim  of  a  volcanic  crater,  in  the  middle  of  which  stands  a 
mountain  or  island  of  granite. 

The  great  barrier  ree^  already  mentioned  as  running  parallel  te  the 
north-east  coast  of  Australia  for  nearly  1000  miks,  is  another  most  re* 
markable  example  of  a  long  strip  of  coral  running  parallel  to  a  coast.  Its 
distance  from  the  mainland  varies  from  twenty  to  seventy  miles,  and  the 
depth  of  the  great  arm  of  the  sea  thus  enclosed  is  usually  between  ten 
and  twenty  fathoms,  but  towards  one  end  from  forty  to  sixty.  This  great 
reef  would  extend  much  &rther,  according  to  Mr.  Jukes,  if  the  growdi  of 
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ooral  were  not  prevented  off  the  shores  of  New  Guinea  by  a  muddy  bot- 
tom, caused  by  rivers  charged  with  sediment  which  flow  from  the 
southern  coast  of  that  great  island.* 

Two  classes  of  reefe^  therefore,  have  now  been  considered ;  flrst^  the 
atoll,  and,  secondly,  the  encircling  and  barrier  ree^  all  agreeing  perfectly 
in  structure,  and  Uie  sole  difference  lying  in  the  absence  in  the  case  of  the 
atoll  of  all  land,  and  in  the  others  the  presence  of  land  bounded  either 
by  an  encircling  or  a  barrier  reef.  But  there  is  still  a  third  class  of  ree&, 
called  by  Mr.  Darwin  ^  fringing  reefs,**  which  approach  much  nearer  the 
land  than  those  of  the  encircling  and  barrier  class,  and  which  indeed  so 
nearly  touched  the  coast  as  to  leave  nothing  in  the  intervening  space 
resembling  a  lagoon.  '^  That  these  ree&  are  not  attadied  quite  dose  to 
the  shore  appears  to  be  the  result  of  two  causes;  first,  that  the  water 
immediately  adjoining  the  beach  is  rendered  turbid  by  the  sur^  and  there- 
fore injurious  to  all  zoophytes;  and,  secondly,  that  the  larger  and  efficient 
kinds  only  flourish  on  the  outer  ^ge  amidst  the  breakers  of  the  open 

sea.'^t 

It  will  at  once  be  conceded  that  there  is  so  much  analogy  between  the 
form  and  position  of  the  strip  of  coral  in  the  atoll,  and  in  the  encircling 
and  barrier  ree^  that  no  explanation  can  be  satis&ctoiy  which  does  not 
include  the  whole.  If  we  turn  in  the  first  place  to  the  encircling  and 
barrier  reefs,  and  endeavor  to  explain  how  the  zoophytes  could  have 
found  a  bottom  on  which  to  begin  to  build,  we  are  met  at  once  with  a 
great  difficulty.  It  is  a  general  &ct,  long  since  remarked  by  Dampier, 
that  high  land  and  deep  seas  go  together.  In  other  words,  steep 
mountains  coming  down  abruptly  to  the  sear«hore  are  generally  continued 
with  the  same  slope  beneath  the  water.  But  where  the  ree^  as  at  5  and 
e  (fig.  118),  is  distant  several  miles  from  a  steep  coast,  a  line  drawn  per- 

Fig.  118. 


Sappaied  Mction  of  aa  Uland  with  aa  •nctidiBg  reef  of  oonL 

A,  The  Ulaad. 

b,  e,  Bighett  points  of  th«  encircling  reef  between  which  and  the  coast  is  seen  a  spaos 
occapied  by  still  water. 

pendicularly  downwards  from  its  outer  edges  5  c  to  the  fundamental  rock 
d  e,  must  descend  to  a  depth  exceeding  by  several  thousand  feet  the 
limits  at  which  the  efficient  stone-building  corals  can  exists  for  we  have 
seen  that  they  cease  to  grow  in  water  which  is  more  than  120  feet  deep. 
That  the  original  rock  immediately  beneath  the  points  bci&  actually  as 
&r  firom  the  surface  as  cf  e,  is  not  merely  inferred  from  Dampier's  rule,- 


*  Quart  Joum.  GeoL  Soo.  4^  zcxii. 
f  Darwin's  Journa],  p.  067.  2d  edit  chap.  S 
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b«t  eonfirmed  bj  the  fiust»  that,  immediatelj  outaklfi  the  reel;  flo«Bd]ii0i 
are  either  not  met  with  mt  all,  or  gbIj  at  enonaooa.  depths.  In  ahort^  the 
ocean  is  as  deep  there  as  might  have  been  anticipated  in  the  neighbor* 
hood  (^  a  bold  coast ;  and  it  is  obviously  the  presenoe  of  the  eoralalone 
which  has  given  rise  to  the  anomalous  existence  ci  shallow  water  on  the 
reef  and  between  it  and  the  land. 

After  studjingin  minute  detail  all  the  phenomena  above  describedi 
Mr.  Darwin  has  offered  in  explanation  a  theory  now  very  genenfiy 
adopted.  The  coral^Nrming  polypi,  he  states,  heg^  to  build  in  water  of 
a  moderate  depth,  and  while  they  are  yet  at  work,  the  bottom  of  the 
sea  subsides  gradually,  so  that  the  foundation  of  their  edifice  is  cairied 
downwards  at  the  same  time  that  they  are  raising  the  superatructma 
J£y  therefore,  the  rate  of  subsidence  be  not  too  rapid,  the  growing  coral 
will  continue  to  build  up  to  thft  sux&ce;  the  mass  always  gainii^  in 
height  above  its  originid  base,  but  remaining  in  other  respects  in  the 
same  position.  Not  so  with  the  land ;  eaoh  inch  lost  is  irredaimBUy 
gone ;  as  it  sinks,  the  water  gains  foot  by  foot  on  the  shore,  till  in  many 
oases  the  highest  peak  of  the  origiiud  island  disappears.  What  was 
before  laud  is  then  occupied  by  the  higoon,  the  poatioa  of  the  eneireling 
coral  remaining  unaltered,  widi  the  exception  of  a  slight  contrsotioa  of 
its  dimensions. 

In  this  manner  are  encircling  reefe  and  atoUs  produoed;  and  in  con- 
firmation of  his  views  Mr.  Darwin  has  pointed  out  examples  which  iUoa* 
trate  every  intermediate  state,  from  that  of  lofty  islands^  such  as  Otaheite, 
encircled  by  coral,  to  that  of  Gambier^s  group,  where  a  few  peaks  only 
of  land  rise  oat  of  a  Uigoon,  and  lastly,  to  the  perfect  atoll,  having  a 
lagoon  several  hundred  feet  deep,  surrounded  by  a  reef  rising  steeply 
from  an  unfiithomed  ocean. 

If  we  embrace  these  views,  it  is  clear,  that  in  regions  of  growing  coral 
a  similar  subsidence  must  give  rise  to  barrier  reefe  along  the  shores  of 
a  continent  Thus  suppose  A  (fig.  119),  to  represent  the  north-esst 
portion  of  Australia,  and  6  c  the  ancient  level  of  the  sea,  when  the  coral 
reef  d  was  formed.    If  the  land  sink  so  that  it  is  submerged  more  and 
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more,  the  sea  must  at  length  stand  at  the  level  ef^  the  reef  in  the  mean 
time  having  been  enlarged  and  raised  to  the  point  ff.  The  distance 
between  the.  shore  /,  and  the  barrier  reef  ^,  is  now  much  greater  than 
originally  between  the  shore  c  and  the  reef  if,  and  the  longer  the  subsi- 
dence continues  the  ferther  will  the  coast  of  the  mainland  recede. 

When  the  first  edition  of  this  work  a{^»eared  in  18«1,  several  years 
before  Mr.  Darwin  had  invest^ted  the  facts  on  which  his  theory  is 
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founded,  I  had  come  to  the  opinion  that  the  land  waa  subsiding  aft  tibe 
bottom  of  those  parts  of  the  Pacific  wheie  atolls  are  numerous,  although 
I  fiiiled  to  perceive  that  such  a  subsidence,  if  conceded,  would  equally 
Bohe  the  enigma  as  to  the  form  both  of  annular  and  barrier  reefe. 

I  shall  cite  the  passage  referred  to,  as  published  bj  me  in  1831 : — ^h, 
is  a  remarkable  circumstance  that  there  should  be  so  vast  an  area  in 
Eastern  Oceanica,  studded  with  minute  islands,  without  one  single  spot 
where  there  is  a  wider  extent  of  land  than  bdongs  to  such  islands  as 
Otaheite,  Owhyhee,  and  a  few  others,  which  either  have  been  or  are  stiH 
Uie  seats  of  active  volcanoes.  If  an  equilibrium  only  were  maintained  be- 
tween the  upheaving  and  depressing  force  of  earthquakes,  laige  islands 
would  very  soon  be  formed  in  the  Padfio ;  for,  in  that  case,  the  growth 
of  limestone,  the  flowing  of  lava,  imd  the  ejection  of  volcanic  ashes,  would 
combine  with  the  upheaving  force  to  form  new  land. 

^  Suppose  a  shoal,  600  miles  in  length,  to  sink  fifteer  fejet,  and  then  to 
remain  unmoved  for  a  thousand  years ;  during  that  interval  the  growing 
coral  may  again  approach  the  surface.  Then  let  the  mass  be  re^levated 
fifteen  feet,  so  that  the  ori^nal  reef  is  restored  to  its  former  position :  in 
this  case,  the  new  coral  formed  nnce  the  first  subsidence  will  constitute 
an  island  000  miles  long.  An  analogous  result  would  have  occurred  if 
a  lav^-current  fifteen  feet  thick  had  overflowed  the  submerged  reef.  The 
absence,  therefore,  of  more  extensive  tracts  of  land  in  the  Pacific, 
seems  to  show  that  the  amount  of  subsidence  by  earthquakes  exceeds^ 
in  that  quarter  of  the  globe,  at  present,  the  elevation  due  to  the  same 
cause.*** 

Another  proof  also  of  subsidence  derived  from  the  stmeture  of  atolls, 
was  pdmted  out  by  me  in  the  following  passage  in  all  fbrmer  editions. 
^The  low  coral  islands  of  the  Paoifio,"  says  detain  Beeehey,  ^*  follow 
one  general  rule  in  having  their  windward  side  higher  and  more  perfect 
than  the  other.  At  Gbimbia  and  Matilda  islands  this  inequality  is  veiy 
conspicuous,  the  weather  side  of  both  being  wooded,  and  of  the  former 
inhabited,  while  the  other  sides  are  from  twenty  to  thirty  feet  under 
water;  where,  however,  they  may  be  perceived  to  be  equally  narrow  and 
well  defined.  It  is  on  the  leeward  side  also  that  the  entrances  into  the 
lagoons  occur;  and  although  they  may  sometimes  be  situated  on  a  side 
that  runs  in  the  direction  of  the  wind,  as  at  Bow  Island,  yet  there  are 
none  to  windward.**  These  observations  of  Captain  Beeehey  accord  with 
those  which  Captain  Horsburgh  and  other  hydrographers  have  made  in 
r^^rd  to  the  coral  islands  of  other  seas.  From  this  fortunate  circum- 
stance ships  can  enter  and  sail  out  with  ease ;  whereas  if  the  narrow  in- 
lets were  to  windward,  vessels  which  once  entered  might  not  suoeeed  for 
months  in  making  their  way  out  again.  The  well-known  security  of 
many  of  these  harbors  depends  entirely  on  this  fortunate  peculiarify  in 
their  structure. 

"  In  what  manner  is  this  singuhir  conformation  to  be  accounted  for  ! 
The  action  of  the  waves  is  seen  to  be  the  cause  of  the  superior  elevation 
•  See  Principlet  of  aeology,  lit  edit,  voL  IL  p.  M6. 
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of  some  ree&  on  their  windward  sides^  where  sand  and  huge  maaaes  of 
coral  rock  are  thrown  up  by  the  breakers ;  but  there  is  a  Tariety  of  casei 
where  this  cause  alone  is  inadequate  to  solve  the  problem ;  for  re^  sub- 
merged at  considerable  depths,  where  the  movements  of  the  sea  cannot 
exert  much  power,  have,  nevertheless,  the  same  conformation,  the  lee- 
ward bemg  much  lower  than  the  windward  side.* 

*^  I  am  informed  by  Captain  King,  that,  on  examining  the  iee&  called 
Rowley  Shoals,  which  lie  off  the  north-west  coast  of  Australia,  whoe  the 
east  and  west  monsoons  prevail  alternately,  he  found  the  open  side  of  one 
crescent-shaped  reef|  the  Imp^rieuse,  turned  to  the  east,  and  of  another, 
the  Mermaid,  turned  to  the  west ;  while  a  third  oval  reef^  of  the  same 
group,  was  entirely  submerged.  This  want  of  conformity  is  exactly  what 
we  should  expect,  where  the  winds  vary  periodically. 

*^It  seems  impossible  to  refer  the  phenomenon  now  under  consideration 
to  any  original  uniformity  in  the  configuration  of  subnuirine  volcanoes,  on 
the  summits  of  which  we  may  suppose  the  coral  ree&  to  grow ;  for  al- 
though it  is  very  common  for  craters  to  be  broken  down  on  one  side 
only,  we  cannot  imagine  any  cause  that  should  breach  them  aU  in  the 
same  direction.  But  the  di£Sculty  will,  perhaps,  be  removed,  if  we  call 
in  another  part  of  the  volcanic  agency — subsidence  by  earthquakes. 
Suppose  the  windward  barrier  to  have  been  raised  by  ^e  mechanical 
action  of  the  waves  to  the  height  of  two  or  three  yards  above  the  wall 
on  the  leeward  side,  and  then  the  whole  island  to  sink  down  a  few 
fathoms,  the  appearances  described  would  then  be  presented  by  the 
submerged  reef.  A  repetition  of  such  operations,  by  the  alternate  eleva- 
tion and  depression  of  the  same  mass  (an  hypothesis  strictly  conformable 
to  analogy),  might  produce  still  greater  inequality  in  the  two  sides, 
especially  as  the  violent  efflux  of  the  tide  has  probably  a  strong  ten- 
dency to  check  the  accumulation  of  the  more  tender  corab  on  the  lee- 
ward reef;  while  the  action  of  the  breakers  contributes  to  raise  the 
windward  barrier."! 

Previously  to  my  adverting  to  the  signs  above  enumerated  of  a  down- 
ward movement  in  the  bed  of  the  ocean,  Dr.  MacOulloch,  Captain 
Beechey,  and  many  other  writers,  had  shown  that  masses  of  recent  coral 
had  been  laid  dry  at  various  heights  above  the  sea-level,  both  in  the  Red 
Sea,  the  islands  of  the  Pacific,  and  in  the  East  and  West  Indies.  After 
describing  thirty-two  coral  islands  in  the  Pacific,  Captain  Beechey  men* 
tioned  that  they  were  all  formed  of  living  coral  except  one,  which,  although 
of  coral  formation,  was  raised  about  seventy  or  eighty  feet  above  the 
level  of  the  sea,  and  was  encompassed  by  a  reef  of  living  coral.  It  is 
called  Elizabeth  or  Henderson's  Island,  and  is  five  miles  in  length  by  one 
in  breadth.  It  has  a  flat  surface,  and,  on  all  sides,  except  the  north,  is 
bounded  by  perpendicular  cliflfe  about  fifty  feet  high,  composed  entirely 
of  dead  coral,  more  or  less  porous,  honey-combed  at  the  sur&ce,  and  hai- 

•  Yoytige  to  the  Pacific,  Ac,  p.  189. 

t  See  Principles  of  Geology,  Ist  ed.,  18S2»  vol  il  p.  29S. 
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dening  into  ft  oompftct  calcaieous  mass,  which  possesses  the  fracture 
of  secondary  limestone,  and  has  a  spedes  of  millepore  interspersed  through 
it  These  cliffs  are  considerably  undermined  by  the  action  of  the  waves, 
and  some  of  them  appear  on  the  ere  of  precipitating  their  superincum- 

Fiff.  190. 


Elizabetli,  or  Hendenoa't  Uand. 

bent  weight  into  the  sea.  Those  which  are  less  injured  in  this  way  pre- 
sent no  alternate  ridges  or  indicatiou  of  the  different  levels  which  the  sea 
might  have  occupied  at  different  periods ;  but  a  smooth  surface,  as  if  the 
island,  which  has  probably  been  raised  by  volcanic  agency,  had  been 
forced  up  by  one  great  subterraneous  convulsion.*  At  the  distance  of  a 
few  hundred  yards  from  this  island,  no  bottom  could  be  gained  with 
200  fathoms  of  line. 

It  will  be  seen,  from  the  annexed  sketch,  communicated  to  me  by 
Lieutenant  Smith,  of  the  Blossom,  that  the  trees  came  down  to  the  beach 
towards  the  centre  of  the  island ;  a  break  at  first  sight  resembling  the 
openings  which  usually  lead  into  lagoons ;  but  the  trees  stand  on  a  steep 
slope,  and  no  hollow  of  an  ancient  lagoon  was  perceived. 

Beechey  also  remarks,  that  the  surface  of  Henderson^s  Island  is  flat, 
and  that  in  Queen  Charlotte's  Island,  one  of  the  same  group,  but  under 
water,  there  was  no  lagoon,  the  coral  having  grown  up  everywhere  to 
one  level.  The  probable  cause  of  this  obliteration  of  the  central  basin 
or  lagoon  will  be  considered  in  the  sequel. 

That  the  bed  of  the  Pacific  and  Indian  oceans,  where  atolls  are  frequent, 
must  have  been  sinking  for  ages,  might  be  inferred,  says  Mr.  Darwin, 
from  simply  reflecting  on  two  facts ;  firsts  that  the  efficient  coral-building 
zoophytes  do  not  flourish  in  the  ocean  at  a  greater  depth  than  120  feet ; 
and,  secondly,  that  there  are  spaces  occupying  areas  of  many  hundred  thou- 
sand square  miles,  where  all  the  islands  consist  of  coral,  and  yet  none 
of  which  rise  to  a  greater  height  than  may  be  accounted  for  by  the  ac- 
tion of  the  winds  and  waves  on  broken  and  triturated  coral.  Were  we 
to  take  for  granted  that  the  floor  of  the  ocean  had  remained  stationary 
frxMn  the  time  when  the  coral  began  to  grow,  we  should  be  compelled  to 
assume  that  an  incredible  number  of  submarine  mountains  of  vast  height 
(for  the  ocean  is  always  deep,  and  often  unfathomable  between  the  dif- 
ferent atolls)  had  all  come  to  within  120  feet  of  the  surface,  and  yet  no 
one  mountain  had  risen  above  water.  But  no  sooner  do  we  admit  the 
theory  of  subsidence,  than  this  great  difficulty  vanishes.  However 
varied  may  have  been  the  altitude  of  different  islands,  or  the  separate 
peaks  of  particular  mountain-chains,  all  may  have  been  reduced  to  one 
uniform  level  by  the  gradual  submergence  of  the  loftiest  points,  and  the 
additions  made  to  the  calcareous  cappings  of  the  less  elevated  summits 
as  they  subsided  to  great  depths. 

•  Beediey'B  Voyage  to  tlie  Pftoifio,  Ac,  p.  46. 
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Ojpminjfs  into  ih$  lagoont^ — In  the  general  deacription  of  atoUa  and 
ftn^yrfing  ree&y  it  was  mentioned  tliat  there  is  almoat  alwajs  a  deep  nar- 
row paaaage  opening  into  the  lagoon,  or  into  the  still  water  between  th« 
leef  and  the  ahore^  which  is  kept  open  hj  the  efflux  of  the  aea  aa  the 

tide  goes  down. 

The  origin  of  this  channel  must,  according  to  the  theoiy  of  subeidenoe 
before  explained,  be  traced  back  to  causes  which  were  in  action  during 
the  existence  of  the  encircling  reef^  and  when  an  island  or  mount^n-top 
rose  within  it,  for  such  a  reef  precedes  tae  atoll  in  the  order  of  forma- 
tion. Now  in  those  islands  in  the  Pacific,  which  are  large  enou^  to 
feed  small  rivers,  there  is  generally  an  opening  or  channel  in  the  sur- 
rounding coral  reef  at  the  point  where  the  stream  of  fresh  water  enters 
the  sea.  The  depth  of  these  channels  rarely  exceeds  twenty-fire  feet ; 
and  they  may  be  attributed,  says  Captain  Beechey,  to  the  aversion  of 
the  lithophytes  to  fresh  water,  and  to  the  probable  absence  of  the  mineral 
matter  of  which  they  construct  their  habitations.* 

Mr.  Darwin,  however,  has  shown,  that  mud  at  the  bottom  <^  rivei^ 
courses  is  far  more  influential  than  the  freshness  of  the  water  in  pre- 
venting the  growth  of  the  polypi,  for  the  walls  which  inclose  the  open- 
ings are  perpendicular,  and  do  not  sUmt  off  gradually,  as  would  be  the 
case,  if  the  nature  of  the  element  presented  the  only  obstacle  to  the 
increase  of  the  coral-building  animals. 

When  a  breach  has  thus  been  made  in  the  reef,  it  will  be  prevented 
from  closing  up  by  the  efflux  of  the  sea  at  low  tides ;  for  it  is  sufficient 
that  a  reef  should  rise  a  few  feet  above  low-water  mark  to  cause  the 
waters  to  collect  in  the  lagoon  at  high  tide,  and  when  the  sea  frdls,  to 
rush  out  at  one  or  more  points  where  the  reef  happens  to  be  lowest  or 
weakest  This  event  is  strictly  analogous  to  that  witnessed  in  our  estua- 
ries, where  a  body  of  salt  water  accumulated  during  the  flow  issues  with 
great  velocity  at  the  ebb  of  the  tide,  and  scours  out  or  keeps  open  a  deep 
passage  through  the  bar,  which  is  almost  always  formed  at  the  mouth  of 
a  river.  At  first  there  are  probably  many  openings,  but  the  growth  of 
the  coral  tends  to  obstruct  all  those  which  do  not  serve  as  the  principal 
channels  of  discharge ;  so  that  their  number  is  gradually  reduced  to  a 
few,  and  often  finally  to  one.  The  fiict  observed  universally,  that  the 
principal  opening  fronts  a  considerable  valley  in  the  encircled  island,  be- 
tween the  shoref  of  which  and  the  outer  reef  there  is  often  deep  water, 
scarcely  leaves  an^  doubt  as  to  the  real  origin  of  the  channel  in  all  those 
'countless  atolls  where  the  nucleus  of  land  has  vanished. 

Size  of  atolls  and  barrier  reefs. — ^In  regard  to  the  dimensions  of 
atolls,  it  was  stated  that  some  of  the  smallest  observed  by  Beechey  in 
the  Pacific  were  only  a  mile  in  diameter.  If  their  external  slope  under 
water  equals  upon  an  average  an  angle  of  45^,  then  would  suoh  an  atoU 
at  the  depth  of  half  a  mile,  or  2640  feet,  have  a  diameter  of  two  miles. 
Hence  it  would  appear  that  there  must  be  a  tendency  in  every  atoll  to 

♦  Voyage  to  the  Pacific^  Ae^  p.  lai. 
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grow  smaller,  except  in  those  cases  where  oscillations  of  level  enlarge  the 
base  on  which  the  coral  grows  by  throwing  down  a  talus  of  detrital 
matter  all  round  the  original  cone  of  limestone. 

Bow  Island  is  described  by  Captain  Beechey  as  seventy  miles  in  cir 
cumference,  and  thirty  in  its  greatest  diameter,  but  we  have  seen  that 
some  of  the  Maldives  are  much  larger. 

As  the  shore  of  an  island  or  continent  which  is  subsiding  will  recede  frcnn 
a  coral  reef  at  a  slow  or  rapid  rate  according  as  the  sur&ce  of  the  land 
has  a  steep  or  gentle  slope,  we  cannot  measure  the  thi<daie8s  of  the  coral 
by  its  distance  from  the  coast;  yet,  as  a  general  rule,  those  ree&  which 
ajre  &rthest  from  the  land  imply  the  greatest  amount  of  subsidence.  We 
leam  from  Flinders,  that  the  barrier  reef  of  north-eastern  Australia  is  in 
6(»ne  places  seventy  miles  from  the  mainland,  and  it  should  seem  that  a 
oaleareouB  formation  is  there  in  progress  1000  miles  long  from  north  to 
eouth,  with  a  breadth  varying  from  twenty  to  seventy  miles.  It  may  not, 
indeed,  be  continuous  over  this  vast  area,  for  doubtless  innumerable  islands 
have  been  submerged  one  after  another  between  the  reef  and  mainland, 
like  some  which  still  remain,  as,  for  example,  Murray's  Idands,  lat  9^ 
54'  8.  We  are  also  told  that  some  parts  of  the  gulf  inclosed  within  a 
barrier  are  400  feet  deep,  so  that  the  efficient  rock-biiilding  corals  cannot 
be  growing  there,  and  in  other  parts  of  it  islands  appear  encircled  by 


It  will  follow  as  one  of  the  consequences  of  the  theory  already  explain- 
ed that,  provided  the  bottom  of  the  sea  does  not  sink  too  fast  to  allow 
the  zoophytes  to  build  upwards  at  the  same  pace,  the  thickness  of  coral 
win  be  great  in  proportion  to  the  rapidity  of  subsidence,  so  that  if  one 
area  sinks  two  feet  while  another  sinks  one,  the  mass  of  coral  in  the  first 
area  will  be  double  that  in  the  second.  But  the  downward  movement 
must  in  general  have  been  very  slow  and  uniform,  or  where  intermittent, 
must  have  consisted  of  a  great  number  of  depressions,  each  of  slight 
amount,  otherwise  the  bottom  of  the  sea  would  have  been  carried  down 
faster  than  the  corals  could  build  upwards,  and  the  island  or  continent 
would  be  permanently  submerged,  having  reached  a  depth  of  120  or  160 
feet,  at  which  the  effective  reef-constructing  zoophytes  cease  to  live,  li^ 
then,  the  subsidence  required  to  account  for  all  the  existing  atolls  must 
have  amounted  to  three  or  four  thousand  feet,  or  even  sometimes  more, 
we  are  brought  to  the  conclusion  that  there  has  been  a  slow  and  gradwd 
sinking  to  this  enormous  extent  Such  an  inference  is  perfectly  in  har- 
mony with  views  which  the  grand  scale  of  denudation,  eveiywhere 
observable  in  the  older  rocks,-  has  led  geologists  to  adopt  in  reference  to 
upward  movements.  They  must  also  have  been  gradual  and  continuous 
throughout  indefinite  ages  to  allow  the  waves  and  currents  of  the  ocean 
to  operate  with  adequate  power. 

The  map  oonstructed  by  Mr.  Darwin  to  disjday  at  one  view  the  geo- 
giapbical  position  <^  all  the  coral  reefe  throughout  the  globe  is  of  the 
highest  geelogical  interest  (see  above,  p.  851.),  leading  to  splendid 
generalizations,  when  we  have  once  embraced  the  theory  that  all  atoUa 
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aud  barrier  zee&  indicate  recent  sdbndence,  while  the  pretence  of  fringing 
leefe  proves  the  land  to  be  stationary  or  rising.  These  two  classes  <3i 
coral  formations  are  depicted  by  different  colon;  and  one  of  the  stiiking 
&cts  brought  to  light  by  the  same  ckssilScation  of  coral  formations  is  the 
absence  of  active  volcanoes  in  the  areas  of  subsidence,  and  their  frequent 
presence  in  the  areas  of  elevation.  The  only  supposed  excepdon  to  this 
remarkable  coincidence  at  the  time  when  Mr.  Darwin  wrote,  in  1842,  was 
the  volcano  of  Torres  Strait,  at  the  northern  point  of  Australia,  placed  on 
the  borders  <^  an  area  of  subsidence ;  but  it  has  been  since  proved  that 
this  volcano  has  no  existence. 

We  see,  therefore,  an  evident  connection,  first,  between  the  bursting 
forth  every  now  and  then  of  volcanic  matter  through  rents  and  fissures, 
and  the  expansion  or  forcing  outwards  of  the  earth's  crust,  and,  secondly, 
between  a  dormant  and  less  energetic  development  of  subterranean  heat, 
and  an  amount  of  subsidence  sufficiently  great  to  cause  mountains  to 
disappear  over  the  broad  face  of  the  ocean,  leaving  only  small  and 
scattered  lagoon  islands,  or  groups  of  atolls^  to  indicate  the  spots  where 
those  mountains  once  stood. 

On  a  review  of  the  differently-colored  reefs  on  the  map  alluded  to,  it 
will  be  seen  that  tliere  are  large  spaces  in  ^diich  upheaval,  and  otheia  in 
which  depression  prevails,  and  these  are  placed  altematdy,  while  there 
are  a  few  smaller  areas  where  movements  of  oscillation  occur.  Thus  if 
we  commence  with  the  western  shores  of  South  America,  between  the 
summit  of  the  Andes  and  the  Pacific  (a  r^on  of  earthquakes  and  active 
volcanoes),  we  find  signs  of  recent  elevation,  not  attested  indeed  by  coral 
formations,  which  are  wanting  there,  but  by  upraised  banks  of  marine 
shells.  Then  proceeding  westward,  we  traverse  a  deep  ocean  without 
islands,  until  we  come  to  a  band  of  atolls  and  encirded  islands,  including 
the  Dangerous  and  Society  archipelagoes,  and  constituting  an  area  of  sub- 
sidence more  than  4000  miles  long  and  600  broad.  Still  &rther,  in  the 
same  direction,  we  reach  the  chain  of  islands  to  which  the  New  Hebrides, 
Salomon,  and  New  Ireland  belong,  where  fringing  ree&  and  masses  of 
elevated  coral  indicate  another  area  of  upheavaL  Again,  to  the  westward 
of  the  New  Hebrides  we  meet  with  the  encircling  reef  of  New  Caledonia 
and  the  great  Australian  barrier,  implying  a  second  area  of  subsi- 
dence. 

The  only  objection  deserving  attention  which  has  hitherto  been 
advanced  against  the  theory  of  atolls,  as  before  explained  (p.  759.),  is 
that  proposed  by  Mr.  Maclaren.*  "On  the  outside,"  he  observes,  "of 
coral  reefs  very  highly  inclined,  no  bottom  is  sometimes  found  with  aline 
of  2000  or  3000,  feet,  and  this  is  by  no  means  a  rare  case.  It  follows 
that  the  reef  ought  to  have  this  thickness ;  and  Mr.  Darwin's  diagrams 
show  that  he  understood  it  so.  Now,  if  such  masses  of  coral  exist  under 
the  sea,  they  ought  somewhere  to  be  found  on  terra  firma  ;  for  there  is 
evidence  that  all  the  landb  yet  visited  by  geologists,  have  been  at  ob« 

*  Scotsman,  Nor.  1842,  and  Jameson's  Edin.  Jonm.  of  Sdenoe^  1843. 
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time  submerged.  But  neither  in  tlie  great  volcanic  chain,  eictending 
from  Sumatra  to  Japan,  nor  in  the  West  Indies,  nor  in  any  other  region 
yet  explored,  has  a  bed  or  formation  of  coral  even  500  feet  thick  been 
discovered,  so  fiir  as  we  know." 

When  considering  this  objection,  it  is  evident  that  the  first  question 
we  have  to  deal  with  is,  whether  geologists  have  not  already  discovered 
calcareous  masses  of  the  required  thickness  and  structure,  or  precisely 
such  as  the  upheaval  of  atolls  might  be  expected  to  expose  to  view  ? 
We  are  called  upon,  in  short,  to  make  up  our  minds  both  as  to  the  inter- 
nal composition  of  the  rocks  that  must  result  from  the  growth  of  corals, 
whether  in  lagoon  islands  or  barrier  reefs,  and  the  external  shape  which 
the  reefr  would  retain  when  upnused  gradually  to  a  vast  height, — ^a  task 
by  no  means  so  easy  as  some  may  imagine.  If  the  reader  has  pictured 
to  himself  large  masses  of  entire  corals,  piled  one  upon  another,  for  a 
thickness  of  several  thousand  feet,  ho  unquestionably  mistakes  altogether 
the  nature  of  the  accumulations  now  in  progress.  In  the  first  place,  the 
strata  at  present  forming  very  extensively  over  the  bottom  of  the  ocean, 
within  such  barrier  reefs  as  those  of  Australia  and  New  Caledonia,  are 
known  to  consist  chiefly  of  horizontal  layers  of  calcareous  sediment, 
while  here  and  there  an  intermixtm;e  must  occur  of  the  detritus  of  gra- 
nitic and  other  rocks  brought  down  by  rivers  from  the  adjoining  lands, 
or  washed  from  sea-cli£&  by  the  waves  and  currents.  Secondly,  in  regard 
to  atolls,  the  stone-making  polypifers  grow  most  luxuriantly  on  the 
outer  edge  of  the  island,  to  a  thickness  of  a  few  feet  only.  Beyond  tins 
margin  broken  pieces  of  coral  and  calcareous  sand  are  strewed  by  the 
breakers  over  a  steep  seaward  slope,  and  as  the  subsidence  continues  the 
next  coating  of  live  coral  does  not  grow  vertically  over  the  first  layer, 
but  on  a  narrow  annular  space  within  it^  the  reef^  as  was  before  stated 
(p.  761),  constanUy  contracting  its  dimensions  as  it  sinks.  Thirdly, 
within  tiie  lagoon  the  accumulation  of  calcareous  matter  is  chiefly  sedi- 
mentary, a  kind  of  chalky  mud  derived  from  the  decay  of  the  softer 
corallines,  with  a  mixture  of  calcareous  sand  swept  by  the  winds  and 
waves  from  the  surrounding  circular  reef.  Here  and  there,  but  only  in 
partial  dumps,  are  found  living  corals,  which  grow  in  the  middle  of  the 
lagoon,  and  mixed  with  fine  mud  and  sand,  a  great  variety  of  shells,  and 
fragments  of  testacea  and  echinoderms. 

We  owe  to  Lieutenant  Nelson  the  discovery  that  in  the  Bermudas  the 
calcareous  mud  resulting  from  the  decompofiition  of  the  softer  corallines 
is  absolutely  undistinguishable  when  dried  from  the  ordinary  white  chalk 
of  Europe,*  and  this  mud  is  carried  to  great  distances  by  currents,  and 
spread  &r  and  wide  over  the  fioor  of  the  ocean.  We  also  have  opportu- 
nities of  seeing  in  upraised  atolls,  such  as  Elizabeth  Island,  Tonga,  and 
Hapai,  which  rise  above  the  level  of  the  sea  to  heights  varying  from  ton 
to  eighty  feet,  that  the  rocks  of  which  they  consist  do  not  differ  in 
structure  or  in  the  state  of  preservation  of  their  included  zoophytes  and 

"^  Trans.  GeoL  Soc^  London,  2d  seriei^  vol  v. 
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ilidUa  fipom  some  of  the  oHest  limeBtoiMM  knowa  to  the  gec^logiftk  Oap> 
tain  Beechey  remarks  that  the  dead  oond  in  Elizabeth  kUnd  is  raose  or 
leai  porous  and  honeyoombed  at  the  siir&oe>  and  hardemng  into  a  oom 
pact  rock  which  has  the  fracture  of  tecondary  limesUMe.  * 

The  island  of  Pulo  Nias,  off  Sumatra  (see  Map^  fig.  39.  p.  351),  which 
is  about  3000  feet  high,  is  described  by  Dr.  Jack  as  being  overspread  by 
coral  and  large  ahells  of  the  Ohama  (Tridacna)  gigoij  which  rest  on 
quartzose  and  arenaceous  rocks,  at  yarious  leveb  from  the  sea-ooast  to 
the  summit  of  the  highest  hills. 

The  clif&  of  the  island  <^  Timor  in  the  Indian  Ocean  are  oompoeed, 
says  Mr.  Juke#,  of  a  raised  coral  reef  abounding  in  AstrmOy  MwndrkMj 
and .  Pontes,  with  i^ells  of  Stramhu$^  Oonus^  Nerii^  Arca^  Peetenf 
Venu$,  and  Lucina.  On  a  ledge  about  150  feet  aboye  the  aea,  a  Tri- 
dacna (or  large  clam  shell),  two  feet  acroaa,  waa  found  bedded  in  the 
rook  with  closed  valyes,  just  as  they^re  often  seen  in  barrier  reefik  Tlus 
formation  in  the  islands  of  Sandlewood,  Sumbawa,  Madura,  and  Java, 
where  it  is  exposed  in  sea  difib,  was  found  to  be  from  200  to  BOO  feet 
thick,  and  is  belieyed  to  ascoid  to  much  greater  heights  in  the  interior. 
It  has  usually  the  form  of  a  ^  dudk-libe"  rock,  white  when  l»oken,  but 
in  the  weathered  surface  turning  nearly  black,  f 

It  appears,  therefore,  premature  to  assert  that  there  are  no  recent  ooral 
formations  uplifted  to  great  heights,  for  we  are  only  beginning  to  be 
acquainted  with  the  geological  structure  of  the  rocks  of  equatorial 
regions.  Some  of  the  upraised  islands,  such  as  Elizabeth  and  Queen 
Charlotte,  in  the  Pacific,  although  placed  in  regions  of  atolls,  are 
described  by  Captain  Beechey  and  others  as  flatrtopped,  and  exhibiting 
no  traces  of  lagoons.  In  explanation  of  the  iac^  we  may  presume  that 
after  they  had  been  sbking  for  ages,  the  descending  moyement  was 
relaxed ;  and  while  it  was  in  the  course  of  being  converted  into  an 
ascending  one,  the  ground  remained  for  a  long  season  almost  stationifty, 
in  which  case  the  corals  within  the  lagoon  would  build  up.  to  the  sui&oe, 
and  reach  the  level  already  attained  by  those  on  the  margin  of  the  reet 
In  this  manner  the  lagoon  would  be  effisoed,  and  the  island  acquire  a 
fiat  summit 

It  may,  however,  be  thought  strange  that  man/  examples  have  not 
been  noticed  of  fringing  reefe  uplifted  above  the  lev  J  of  the  sea.  Mr. 
Darwin,  indeed,  cites  one  instance  where  the  reef  preserved,  on  dry  land 
in  the  Mauritius,  its  peculiar  moat-like  structure ;  Imt  they  ought,  he  8ay% 
to  be  of  rare  occurrence^  for  in  the  case  of  atolls  or  of  barrier  ox  fringing 
reefs,  the  characteristic  outline  must  usually  be  destroyed  by  denudation 
as  soon  as  a  reef  begins  to  rise ;  since  it  is  immediately  exposed  to  the 
action  of  the  breakers,  and  the  large  and  conspicuous  oorals  on  the  outer 
rim  of  the  atdl  or  barrier  are  the  first  to  be  destroyed  and  to  frill  to  the 
bottom  of  vertical  and  undermined  diiEB.    After  slow  and  ocmtmned 

•  B«echey*fl  Voyage,  vol  L  p.  46. 

f  Paper  read  to  Brit.  Aaeoc,  Southampton,  1846. 
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apheATnl  a  'wreck  aloQe  can  lenuun  of  the  original  leef.  If^  iheiefoTey 
Bays  Mr.  Darwin,  "at  some  period  as  &r  in  futurity  as  the  aecondaiy 
rocks  are  in  the  past,  the  hed  of  the  Pacific  with  its  atoUs  and  banrier 
reefe  should  be  converted  into  a  continent^  we  may  conceiye  that  scarcely 
any  or  none  of  the  existing  Tee&  would  be  preserved,  but  on]y  widely 
spread  strata  of  calcareous  matter  derived  from  their  wear  taxd  tear."  * 

When  it  is  ui^ed  in  support  of  the  objection  before  stated  (p.  767), 
that  the  theory  of  atolls  by  subsidence  implies  the  accumulation  of  cal- 
careous formations  2000  or  3000  feet  thick,  it  must  be  conceded  that 
this  estimate  of  the  minimum  density  of  the  deposits  is  by  no  means 
exaggerated.  On  the  coutraiy,  when  we  cc»isider  that  the  space  over 
which  atolls  are  scattered  in  Polynesia  and  the  Indian  oceans  may  be 
compared  to  the  whole  continent  of  Asia,  we  cannot  but  infer  from 
analogy  that  the  differences  in  level  in  so  vast  an  area  have  amounted, 
antecedently  to  subsidence,  to  5000  or  even  a  greater  number  of  feet 
Whatever  was  the  difference  in  height  between  the  loftiest  and  lowest 
of  the  original  mountains  or  mountainous  islands  on  which  the  different 
atolls  are  based,  that  difference  must  represent  the  thickness  of  coral 
which  has  now  reduced  all  of  them  to  one  level  flinders,  therefore,  by 
no  means  exaggerated  the  volume  of  the  limestone,  which  he  conceived 
to  have  been  the  work  of  coral  animals ;  he  was  merely  mistaken  as  to 
the  manner  in  which  they  were  enabled  to  build  reefe  in  an  un&thomed 
ocean. 

But  is  it  reasonable  to  expect,  after  the  waste  caused  by  denudation, 
that  calcareous  masses,  gradually  upheaved  in  an  open  sea,  should  retain 
such  vast  thicknesses  ?  Or  may  not  the  limestones  of  the  cretaceous  and 
oolitic  epochs,  which  attain  in  the  Alps  and  Pyrenees  a  density  of  8000 
or  4000  feet,  and  are  in  great  part  made  up  of  coralline  and  shelly  matter, 
present  us  with  a  true  geological  covoiterpaH  of  the  recent  coral  reeft  of 
equatorial  seas  ? 

Before  we  attach  serious  importance  to  a^ruments  founded  on  negative 
evidence,  and  opposed  to  a  theory  which  so  admirably  explains  a  great 
variety  of  complicated  phenomena,  we  ought  to  remember  that  the  up- 
heaval to  the  height  of  4000  feet  of  atolls  in  which  the  coralline  lime- 
stone would  be  4000  feet  thick,  implies,  first,  a  slow  subsidence  of  4000 
feet,  and,  secondly,  an  elevation  of  the  same  amount  Even  if  the  reverse 
or  ascending  movement  began  the  instant  the  downward  one  ceased,  we 
must  allow  a  great  lapse  of  ages  for  the  accomplishment  of  the  whole 
operation.  We  must  also  assume  that  at  the  commencement  of  the 
period  in  question,  the  equatorial  regions  were  as  fitted  as  now  for  the 
support  of  reef-building  zoophytes.  This  postulate  would  demand  the 
continuance  of  a  complicated  variety  of  conditions  throughout  a  much 
bnger  period  than  they  are  usually  persistent  in  one  place. 

To  show  the  difficulty  of  speculating  on  the  permanence  of  the  geo- 
graphical and  cUmatal  circumstances  requisite  for  the  growth  of  reef* 

*  Letter  to  Mr.  Maolaron,  Sootsman,  1848. 


796  LIKE,  WHBIfCB  DEBITSB.  [Ol  L, 

buildiiig  Gorala,  we  have  only  to  state  the  &ct  that  there  are  no  ree&  in 
the  Atlantic,  off  the  west  coast  of  AMca,  nor  am<»ig  the  islandB  of  th« 
Qulf  of  Guinea,  nor  in  St  Helena,  ABoeoaion,  the  Ca;pe  Yerdea,  or  St. 
Paura.  With  Ihe  exception  of  Bermuda,  there  is  not  a  single  cond  reef 
in  the  central  expanse  of  the  Atlantic,  although  in  some  parts  the  waves, 
as  at  Ascension,  are  changed  to  excess  with  calcareous  matter.  This  capri- 
cious distribution  of  ooral  reefs  is  probably  owing  to  the  absence  of  fit 
stations  for  the  reef-building  polypifers,  other  <»^ganio  beings  in  those  re- 
gions obtaining  in  the  great  struggle  for  existence  a  mastery  over  them. 
Their  absence,  in  whatever  manner  it  be  accounted  for,  should  put  us  on 
our  guard  against  expecting  upraised  reefe  at  all  former  geological  epochs, 
similar  to  those  now  in  progress. 

Limey  whence  derived, — Dr.  Maculloch,  in  his  system  of  Geology,  voL 
L  p.  219,  expressed  himself  in  &vor  of  the  theory  <^  some  of  the  eaifier 
geologists,  that  all  limestones  have  originated  in  organized  substances. 
If  we  examine,  he  says,  the  quantity  of  hmest<me  in  the  primary  strata, 
it  will  be  found  to  bear  a  much  smaller  proportion  to  the  siliceous  and 
argillaceous  rocks  than  in  the  secondary ;  and  this  may  have  some  con- 
nexion with  the  rarity  of  testaceous  animals  in  the  ancient  ocean.  He 
fiiiiher  infers,  that  in  consequence  of  the  operations  of  animals,  ^the 
quantity  of  calcareous  earth  deposited  in  the  form  of  mud  or  stone  is 
always  increasing ;  and  that  as  the  secondary  series  fiur  exceeds  the  pri- 
mary in  this  respect)  so  a  third  series  may  hereafter  arise  from  the  depths  of 
the  sea,  which  may  exceed  the  last  in  the  proportion  of  itscalcareousstrata." 

If  these  propositions  went  no  farther  than  to  suggest  that  every  parti- 
cle of  lime  that  now  enters  into  the  crust  of  the  globe,  may  possibly  in 
its  turn  have  been  subservient  to  the  purposes  of  life,  by  entering  into 
the  composition  of  organized  bodies,  I  should  not  deem  the  speculation 
improbable ;  but,  when  it  is  hinted  that  lime  may  be  an  animal  product 
combined  by  the  powers  of  vitality  from  some  simple  elements,  I  can  dis- 
cover no  sufficient  grounds  for  such  an  hypothesis,  and  nuiny  facts  mili- 
tate against  it 

If  a  large  pond  be  made  in  almost  any  soil,  and  fiyed  with  rain  water, 
it  may  usually  become  tenanted  by  testacea;  for  carbonate  of  lime  is 
almost  universally  diffused  in  small  quantities.  But  if  no  calcareous  mat- 
ter be  supplied  by  waters  flowing  from  the  surrounding  high  grounds,  or 
by  springs,  no  tu&  or  shell-marl  are  formed.  The  thin  shells  of  one 
generation  of  moUusks  decompose,  so  that  their  elements  afford  nutrim^t 
to  the  succeeding  races ;  and  it  is  only  where  a  stream  enters  a  lake, 
which  may  introduce  a  fresh  supply  of  calcareous  matter,  or  where  the 
lake  is  fed  by  springs,  that  shells  accumulate  and  form  marl. 

All  the  lakes  in  Forfarshire  which  have  produced  deposits  of  shell-^narl 
have  been  the  sites  of  springs,  which  still  evolve  much  carbonic  acid,  and 
a  small  quantity  of  carbonate  of  lime.  But  there  is  no  marl  in  Loch 
flthie,  near  Forfar,  where  there  are  no  springs,  although  that  lake  is  sur- 
rounded by  these  calcareous  deposits,  and  although,  in  every  other  respect, 
the  site  is  favorable  to  the  accumulation  of  aquatic  testacea. 
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We  find  those  Ghane  which  secrete  the  largest  quantity  of  calcareous 
matter  iu  their  stems  to  abound  near  springs  impregnated  with  carbonate 
of  lime.  We  know  that,  if  the  common  hen  be  deprived  altogether  of 
calcareous  nutriment^  the  shells  of  her  eggs  will  become  of  too  slight  a 
consiBtency  to  protect  the  contents ;  and  some  birds  eat  chalk  greedily 
during  the  breeding  season. 

I^  on  the  other  hand,  we  turn  to  the  phenomena  of  inorganic  nature, 
we  observe  that,  in  voloanic  countries,  there  is  an  enormous  evolution  of 
carbonic  add,  either  free,  in  a  gaseous  form,  or  mixed  with  water ;  and 
the  springs  of  such  districts  are  usually  impregnated  with  carbonate  of 
lime  in  great  abundance.  No  one  who  has  travelled  in  Tuscany,  through 
the  T^on  of  extinct  volcanos  and  its  confines,  or  who  has  seen  the  map 
constructed  by  Taigioni  (1827),  to  show  the  principal  sites  of  mineral 
springs,  can  doubt,  for  a  moment,  that  if  this  tenitoiy  was  submerged 
beneath  the  sea,  it  might  supply  materials  for  the  most  extensive  coral 
reefii.  The  importance  of  these  springs  is  not  to  be  estimated  by  the 
magnitude  of  the  rocks  which  they  hare  thrown  down  on  the  slimting 
sides  of  hills,  although  of  these  alone  large  cities  might  be  built,  nor  by 
a  coating  of  travertin  that  covers  the  soil  in  some  districts  for  miles  in 
lengtL  The  greater  part  of  the  calcareous  matter  passes  down  in  a  state 
of  solution  to  the  sea,  and  in  all  countries  the  rivers  which  flow  from 
chalk  and  other  marly  and  calcareous  rocks  carry  down  vast  quantities  of 
lime  into  the  ocean.  Lime  is  also  one  of  the  component  parts  of  augite 
and  other  volcanic  and  hypogene  minerals,  and  when  these  decompose  is 
set  free,  and  may  then  find  its  way  in  a  state  of  solution  to  the  sea. 

The  lime,  therefore,  contained  generally  in  sea  water,  and  secreted  so 
plentifully  by  the  testacea  and  corals  of  the  Pacific,  may  have  been 
derived  either  from  springs  rising  up  in  the  bed  of  the  ocean,  or  from  rivers 
fed  by  calcareous  springs,  or  impregnated  with  lime  derived  from  disin- 
tegrated rocks,  both  volcanic  and  hypogene.  If  this  be  admitted,  the 
greater  proportion  of  Umeetone  in  the  more  modem  formations  as  com- 
pared to  the  most  ancient,  will  be  explained,  for  springs  in  general  hold 
no  argillaceous,  anfl  but  a  small  quantity  of  siliceous  matter  in  solution, 
but  they  are  continually  subtracting  calcareous  matter  from  the  inferior 
rocks.  The  constant  transfer,  therefore,  of  carbonate  of  lime  from  the 
lower  or  older  portions  of  the  earth's  crust  to  the  surface,  must  cause  at 
all  periods  and  throughout  an  indefinite  succession  of  geological  epochs, 
a  preponderance  of  calcareous  matter  in  the  newer  as  contrasted  with  the 
older  formations. 
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OONCLUDIfTG  REMABKS. 

Iir  the  concluding  clusters  of  the  first  hook,  I  eKammed  in  detafl  e 
gre«t  Yirietj  of  argmnents  which  have  heen  nddiioed  to  provo  thedia- 
tinetneas  of  the  state  of  the  earth's  crust  at  remote  and  recent  epochs. 
Among  other  supposed  proofs  of  this  distinctness^  the  dearth  of  caba- 
reoos  matter,  in  the  ancient  rocka  ahove  adverted  to,  might  have  heen 
considered.  But  it  would  have  heen  endless  to  enumerate  all  Uie  objeo- 
tions  urged  against  thoae  geologists  who  represent  the  course  of  natnze 
at  the  earliest  periods  as  resembling  in  all  essentasl  cireumataiiees  die 
state  of  things  now  establkhed.  We  have  seen  that,  in  opposition  to 
this  doctrine,  a  strong  desire  has  be^i  manifested  to  discover  in  the  aa- 
dent  rocks  the  signs  of  an  epoch  when  the  planet  was  uninhalHted^  and 
when  its  surface  was  in  a  chaotic  condition  and  umnhalntahleL  Hie 
opposite  opinion,  indeed,  that  the  oldest  of  the  rocks  now  viable  uusy 
be  the  last  monuments  of  an  antecedent  era  in  which  living  beings  may 
already  have  peopled  the  knd  and  water,  has  been  declared  to  be 
equivalent  to  the  assumption  that  'there  never  waa  a  begiam'og  to  the 
present  order  of  things. 

With  equal  justice  might  an  astronomer  be  accused  of  asserting  that 
the  works  of  creation  extended  throughout  mfimU  sfpaee,  becanae  he 
refuses  to  take  for  granted  that  the  remotest  stars  now  seen  in  the 
heavens  are  on  the  utmost  verge  of  the  material  universe*  Every  im- 
provement of  the  telescope  has  brought  thousands  of  new  worlds  into 
view ;  and  it  would,  therefore,  be  rash  and  unphilosophical  to  imagine 
that  we  already  survey  the  whole  extent  of  the  vast  scheme,  or  that  it 
will  ever  be  brought  within  the  sphere  o(  human  observation. 

But  no  argument  can  be  drawn  from  such  premises  in  fayor  of  the 
infinity  of  the  space  that  has  been  filled  with  worlds ;  and  if  the  material 
universe  has  any  limits,  it  then  follows,  that  it  must  occupy  a  minute 
and  infinitesimal  point  in  infinite  space. 

So  if,  in  tracing  back  the  earth^s  history,  we  arrive  at  the  monumeats 
of  events  which  may  have  happened  millions  of  ages  before  our  times, 
and  if  we  still  find  no  decided  evidence  of  a  commencement,  yet  the 
arguments  from  analogy  in  support  of  the  probability  of  a  beginning 
remain  unshaken ;  and  if  the  past  duration  of  the  earth  be  finite,  then 
the  aggregate  of  geological  epochs,  however  numerous,  must  constitute 
a  mere  moment  of  the  past,  a  mere  infinitefflmal  portion  of  eternity. 

It  had  been  argued,  that,  as  the  different  states  of  the  earth's  suifEwse, 
and  the  difierent  species  by  which  it  has  been  inhabited  have  all  had 
their  origin,  and  many  of  them  their  termination,  so  the  entire  series  may 
have  commenced  at  a  certain  period.  It  has  also  been  ui^ged,  thai 
as  we  admit  the  creation  of  man  to  have  occurred  at  a  coroparativelj 
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modern  epoch — as  we  concede  the  astonishing  fact  of  the  first  introduc- 
tion of  a  moral  and  intellectual  heing — bo  also  we  may  conceive  the  first 
creation  of  the  planet  itself. 

I  am  far  from  denying  the  weight  of  this  reasoning  from  analogy ; 
but,  although  it  may  strengthen  our  couTiction^  that  the  present  system 
of  change  has  not  gone  on  from  eternity,  it  cannot  warrant  us  in  pre- 
suming that  we  shall  be  permitted  to  behold  the  signs  of  the  earth's 
origin,  or  the  evidences  of  the  firet  introduction  into  it  of  organic  beings. 
We  aspire  in  vain  to  assign  limits  to  the  works  of  creation  in  apace^ 
whether  we  examme  the  starry  heavens,  or  that  world  of  minute  ani- 
malcules which  is  revealed  to  us  by  the  microscope.  We  are  prepared, 
therefore,  to  find  that  in  Hme  also  the  confines  of  the  universe  ha  be- 
yond the  reach  of  mortal  ken.  But  in  whatever  direction  we  pursue 
our  researches,  whether  in  time  or  space,  we  dbcover.  everywhere  the 
clear  proofs  of  a  Creative  Intelligence,  and  of  His  foresight,  wisdom, 
and  power. 

As  geologists,  we  learn  that  it  is  not  only  the  present  condition  of 
the  globe  which  has  been  suited  to  the  accommodation  of  myriads  of 
living  creatures,  but  that  many  former  states  also  have  heea  adapted  to 
the  organization  and  habits  of  ]»rior  races  of  beings.  The  disposition 
of  the  seas,  continents,  and  islands,  and  the  climates,  have  varied;  the 
species  likewise  have  been  changed ;  and  yet  they  have  all  been  so 
modelled,  on  types  analogous  to  those  of  existing  plants  and  animals,  as 
to  indicate,  throughout,  a  perfect  harmony  of  design  and  unity  of  pur- 
pose. To  assume  that  the  evidence  of  the  beginning  or  end  of.  so  vast  a 
scheme  lies  within  the  reach  of  our  philosophical  inquiries,  or  even  of 
our  speculations,  appears  to  be  inconsistent  with  a  just  estimate  of  the 
relations  which  subsbt  between  the  finite  powers  cf  man  and  the  attri* 
butes  of  an  Infinite  and  Eternal  Being. 


GLOSSARY 


OV  GBOLOOIOAL  AKD   OTHKB  SOISlTTinO  TEBMB  USED  IV  THIS 
WOBK. 


AcEPBALori.  The  Aoeplula  are  that  diviiuoii  of  moUnsoovs  animals  which,  Wet  tha 
Oyater  and  Bcallop,  are  without  heads.  The  daas  Acephala  of  Cnvier  compre- 
hends many  genera  of  animals  with  bivalve  shells,  and  a  few  which  are  devoid 
of  sheila.    Mym.^  a,  a,  without,  and  ir«^aX«,  ctphdU^  the  head. 

AomvLouB.    Slightly  add. 

AoBOOXKS.    One  of  five  classes  into  which  all  plants  may  be  divided ;  it  indndea 
each  floworless  ones  as  grow  firom  the  top  only,  and  whose  stems  oonseqaently 
do  not  increase  materisUy  in  hoik,  as  Mosses,  Ferns,  Lyoopodiams,  Eqaiietums,   . 
Ac    The  tmnk  of  a  tree  fern  is  a  good  example.    They  are  also  called  Acit>- 
bxya.    £tym,^  a«^vi  lurof^  the  top,  and  ytvcvic,  ffenstii^  inoroase. 

Adipooibb.  a  substance  apparently  intermediate  between  fkt  and  wax,  into  which 
dead  animal  matter  is  converted  when  buried  in  the  earth,  and  in  a  oerfeam  st^go 
of  decomposition.    Mym,^  adepts  fiit,  and  Mrs,  wax. 

Ann*.    See«Felspar.»» 

Aunono.    An  apparatus  for  distilling. 

Aloa  An  order  or  division  of  the  cryptogamio  class  of  plants.  The  whole  of  the 
sea-weeds  are  comprehended  under  this  division,  and  the  application  of  thtt 
term  in  this  work  is  to  msrine  plants,    ^jrm.,  alffo,  searweed. 

Alluvial.    The  adjective  of  alluvium,  which  see. 

Alluviok.    Synonymous  with  alluvium,  which  see. 

Alluviuic  Eortii,  sand,  gravel,  stones,  and  other  transported  matter  which  has 
been  washed  away  and  thrown  down  by  rivers,  floods,  or  other  caoaea  upon  land 
not  p&rmanefUly  submeiged  beneath  the  watera  of  lakea  or  aeaa.  JS^qik,  oOiio^ 
to  wash  upon,  or  aUuiviOf  an  inundation. 

Alux-stons,  Aluxkn,  Aluxinoii8.  Alum  is  the  base  of  pure  day,  and  atntta  of  day 
are  often  met  with  oontaining  much  iron  pyrites.  When  the  latter  substance  de- 
composes, sulphuric  add  is  produced,  which  unites  with  the  aluminous  earth#of 
the  day  to  form  sulphate  of  alumine,  or  common  alum.  Where  mann&ctories 
are  established  for  obtaining  the  alum,  the  indurated  beds  of  day  employed  are 
called  Alum-stone. 

Ajoconitb.  An  extinct  and  very  numerous  genus  of  the  order  of  molluscous  animals 
called  Cephalopoda,  allied  to  the  modem  genus  Nautilns,  which  inhabited  a  cham- 
bered shell,  curved  like  a  coiled  snake.  Spedes  of  it  are  found  in  all  geological 
periods  of  the  secondary  strata ;  but  they  have  not  been  seen  in  the  tertiaij 
beds.  They  are  nan\ed  from  their  resemblance  to  the  horns  on  the  statues  of 
Jupiter  Ammon. 

AxoBPBOUB.  Bodies  devoid  of  regular  form.  JS^m.,  «,  a,  without,  and  fiiffv, 
marphe,  form. 

AxTODALom.  One  of  the  forms  of  the  Trap-rocks,  in  which  agates  and  simple  min- 
erals appear  to  be  scattered  like  slmonds  in  a  cake.  jB^m.,  a^nyUym,  amfgdala, 
an  almond. 

Analcdix.  a  simple  mineral  of  the  Zeolite  fimiily,  also  called  Cubizite,  of  fi«qaent 
occurrence  in  the  Trap-rocks. 

Analooux.  a  body  that  resembles  or  corresponds  with  another  body.  A  ncent 
shell  of  the  same  spedes  ss  a  fossil  shoU  is  the  analogue  of  the  latter. 

AiieiosrKRiiB.  A  term  applied  to  all  flowering  plants  in  which  the  ovules  an  in- 
dosed  in  an  ovary,  and  the  aeeds  in  a  pericarp  or  covering,  as  in  all  flowering 
plants  except  those  mentioned  under  gymnosperms  and  gymnogens,  whioh  aee. 
£tjfm,,  ayyos,  anffOB^  a  veasd,  and  wip/ca,  a  seed. 
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AjranofBismx.    A  ioual  extiaot  qnadraped  belonging  to  the  order  FachyderouilR, 

roBembHng  a  pig.    It  luui  Tooeived  its  name  becaose  the  animal  mnat  have  been 

•ingnlariy  wanting  in  means  of  defence,  from  the  fonn  of  its  teeth  and  the  ab- 

sonoe  of  oUws,  hooft,  and  horns.    jEiym»f  avwXoif  anopU>9^  unarmed,  and  ^lov, 

ihmion^  a  wild  beast 
AMtaoonist  Powbb.    Two  powers  in  nature,  the  aotion  of  the  one  oountoraoting  that 

of  the  other,  by  which  a  Und  of  equilibrium  or  balance  is  maintained,  and  the 

destructive  effect  prevented  that  would  be  produced  by  one  operating  without 

a  check. 
Axmoni JL    The  articulated  horns  with  which  the  heads  of  insects  are  invariably 

fhmished. 
AirTHSAom.    A  shining  substance  like  black-lead ;  a  species  of  mineral  charcoal, 

Mym.^  avOfa^j  atUhraXj  coal. 
AwTHHAooTHKBimc.    A  name  given  to  an  extinct  quadruped,  supposed  to  belong  to 

the  Paohydermata,  the  bones  of  which  were  first  found  in  lignite  and  coal  of  the 

tertiary  strata.    £iym,,  aySfafj  anthrax^  ccU,  and  diypcov,  ihericn^  wild  beast. 
Aktbbopqicobphoijs,    Having  a  form  resembliLg  the  human.    Mym,y  apOpmcot,  at^- 

thropoB,  a  man,  and  fiop^v,  nwrphSy  form. 
AimaxFTia.    Substances  which  prevent  corruption  in  animal  and  vegetable  matter, 

as  common  salt  does,  are  sud  to  be  antiseptic    Mym,^  am,  anii^  agunst,  and 

tfiiw,  Mpo,  to  putrefy. 
AsxNAGEOus.    Sandy.    Mym,^  arma,  sand. 
Aboillagboos.    Clayey,  composed  of  day.    £tjpn,y  argUSa,  day. 
Abraoonitb.    a  simple  mineral,  a  variety  of  carbonate  of  ime,  bo  called  £rom  having 

been  first  found  in  Aragon  in  Spain. 
Atollb.    Coral  islands  of  an  annular  form,  or  consisting  of  a  circular  strip  or  ring  of 

coral  surrounding  a  central  lagoon. 
AirarrB.    A  aimple  mineral  of  a  dark  green,  or  black  color,  which  forms  a  constituent 

part  of  many  varieties  of  volcanic  rocks.    Name  applied  by  Pliny  to  a  particular 

mineral,  from  the  Greek  avyti,  avgt^  lustre. 
AvAiiAHCHES.    Masses  of  snow  wluch,  being  detached  fW>m  great  heights  in  the  Alps, 

acquire  enormous  bulk  by  fresh  accumulations  as  they  descend ;  and  when  they 

fidi  into  the  valleys  below  often  cause  great  destruction.    They  are  also  called 

lananget  and  lavan^M  in  the  dialects  of  Switzerland. 

Basai;t.  One  of  the  most  common  varieties  of  the  Trap-rocks.  It  is  a  dark  green  or 
black  stone,  composed  of  augite  and  felspar,  very  compact  in  teictnre,  and  of 
considerable  hardness,  often  found  in  regular  pillars  of  three  or  more  sides 
eaDed  basaltic  columns.  Bemarkable  examples  of  this  kind  are  seen  at  the 
6iant*s  Causeway,  in  Ireland,  and  at  Fingal*s  Cave,  in  Staffa,  one  of  the  Heb- 
rides. The  term  is  used  by  Pliny,  and  is  said  to  come  from  hcualj  an  ^hio- 
pian  word  signifying  iron.    The  rock  often  contains  much  iron. 

^  Basxm'^  of  Paris,  "  Basci"  of  Ix>ndon.  Deposits  lying  in  a  hollow  or  trough, 
formed  of  older  rocks ;  sometimes  used  in  geology  almost  synonymously  with 
*'  formations,"  to  express  the  deposits  lying  in  a  certain  cavi^  or  depression  in 
older  rocks. 

BsLXMinTB.  An  extinct  genus  of  the  order  of  molluscous  animals  called  Cephalo- 
poda, having  a  long,  straight,  and  chambered  conical  shell.  Mjfm.^  psktftvovj  &#• 
lemmm,  adi^t. 

Bmnour.  Mineral  pitch,  of  which  the  tar-like  substance  which  is  often  seen  to  ooze 
out  of  the  Newcastie  coal  when  on  the  fire,  and  which  makes  it  cake,  is  a  good 
example.    .S^ym.,  hUumeiiy  pitch. 

BrruMiirovs  Shalb.  An  argillaceous  shale,  much  impregnated  with  bitumen,  which 
IS  very  common  in,  the  Cool  Measures. 

Bldids.  a  metallic  ore,  a  compound  of  the  metal  rinc  with  sulphur.  It  is  often 
Ibund  in  brown  shining  crystals ;  hence  its  name  among  the  German  miners, 
fh>m  the  word  liUnden^  to  daszle. 

BLnns.  High  banks  presenting  a  precipitous  front  to  the  sea  or  a  river.  A  term 
used  in  the  United  States  of  North  America.  ' 

BonrroroAL.  ResembUnir  ft  bunch  of  Grapes.  iSym.,  /'•r^f,  2o<ry»)  *  bundi  ol 
grapes,  and  ulos^  4ido$,  form. 
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RovLDBis.  A  proTindal  term  for  larg^  rounded  blooks  of  stone  lying  on  the  rarfroe 
of  the  ground,  or  Bometimee  imbedded  in  loose  soil,  diffsrent  in  composition  from 
the  rocks  in  their  vicinityi  snd  which  have  been  therefore  trsnspcnted  from  s 
distance. 

Bbiooll  a  rock  composed  ofsngnlsr  fragments  connected  together  by  lime  or  other 
mineral  subatanoe.    An  Italian  term. 

Galo  Sutteb.  A  German  name  for  the  deposits  from  springs  holding  csrbonate  of 
lime  in  eolation— petrifying  springs.    .£1^.,  haii,  lime,  and  HnUmy  to  drop. 

Oamaibs  Obossisb.  An  extensive  stratum,  or  rather  series  of  strata,  found  in  the 
Paris  Basin,  belonging  to  the  Eocene  tertiary  period.  J^ym.,  ookoirf,  limesUne, 
and  grottUr^  ooarse. 

Calcaiubocs  Rook..    Limestone.    Etym,^  eab^  lime. 

Calcaxsoos  Spab.    CrystsUized  csrbonate  of  lime. 

Cabbon.  An  nndecomposed  inflammable  substance,  one  of  the  simple  elementsry 
bodies.    Charcoal  is  almost  entirely  composed  of  it.    Etym^^  oatio^  cool. 

Gaxbokate  or  Lncx.  lime  combines  with  great  avidity  with  carbonic  add,  a  gaae- 
ouB  sold  only  obtained  fluid  when  united  with  water,— and  all  oombinationa  of 
it  with  other  substances  are  called  OofhonaUt,  AU  limestones  are  carbonates  of 
lime,  and  quicklime  is  pbtained  by  driving  off  the  carbonio  add  by  heat. 

Gabbonated  Bpxings.  Springs  of  water,  containing  carbonic  acid  gsa.  They  are  very 
common,  especially  in  volcanic  countries ;  and  sometimes  contain  so  much  gsa, 
that  if  a  little  sugar  be  thrown  into  the  water  it  effervesces  like  sod^water. 

Cabbonio  Aom  Gas.  A  natural  gas  which  often  issues  fh)m  the  ground,  espedaDy 
in  volcanic  countries.  Eiym,^  cor^,  coal ;  because  the  gas  is  obtained  by  the 
slow  burning  of  charcoal. 

GABBomnBous.  A  term  usually  applied,  in  a  technical  sense,  to  an  andent  group 
of  secondary  strata ;  but  any  bed  containing  cold  may  be  said  to  be  osrboniflNrooB. 
Eiym,^  earho^  coal,  and/«ro,  to  bear. 

Gaiacltsx.    a  deluge.    Etyrn,^  Mraff>«^»,  caiadutc^  lo  deluge. 

Cbpbalopoda.  a  class  of  molluscous  animals,  having  their  oigans  of  motion  ar- 
ranged round  their  head.    £tym.,  xe^Xir,  eephaU,  head,  and  wja,  poda^  feet. 

Cbtaoea.  An  order  of  vertebrated  mammiferous  animsls  inhabiting  the  sea.  ^Hie 
whale,  dolphin,  and  narwal  are  examples.    JStym.^  ede^  whale. 

Ghaixjxdont.  a  siliceous  simple  mineral,  unciystalliied.  Agates  are  partly  com- 
posed  of  chalcedony. 

Chalk.    A  white  earthy  limestone,  the  uppermost  of  the  secondary  series  of  strata. 

Crbbt.  a  siliceous  mineral,  nearly  allied  to  chalcedony  and  flint,  but  less  homoge- 
neous and  simple  in  texture.  A  gradual  poasage  fh>m  chert  to  limestone  is  not 
uncommon. 

CHLOBmo  Sakp.  Sand  colored  green  by  an  admixture  of  the  simple  mineral  chlorite. 
JBtpm.f  x^^P"^>  M>rvs,  green. 

Clbavaob.  Certain  rooks,  usually  called  Slate-rocks,  may  be  deayed  into  an  indefi- 
nite number  of  thin  lamina  which  are  parallel  to  each  other,  but  which  are  gen- 
erally not  parallel  to  the  planes  of  the  true  strata  or  layers  of  deposition.  The 
planes  of  deavage,  therefore,  are  distingoishable  f^m  those  of  stratification. 

CuirKSToirx,  called  also  phonolite,  a  fblspathic  rock  of  the  tn^  ikmily,  usually  fissOe. 
It  is  sonorous  when  struck  with  a  hammer,  whence  its  name. 

Goal  Fokicatiov.  This  term  is  generally  understood  to  mean  the  aame  as  the  Goal 
Measures,  or  Carboniferous  group. 

Golxoptbba.  An  order  oi  insects  (Beetles)  which  have  four  wings,  the  upper  pair 
being  crustaceous  and  forming  a  shield.  JRlym.,  mXm;,  eoleot^  a  sheath,  and 
nrtpov,  pteroH,  a  wing. 

GoBFOBHABLK.  Whcu  tfac  plaucs  of  onc  set  of  strata  are  generally  parallel  to  Ihcae 
of  another  set  which  are  in  contact,  they  are  sud  to  be  conformable.  Thus  the 
Flfr»S, 


^*«»  ^  Fig.  98,  rest  conformably  on  the  inferior  setc^d;  but  e,  d  zest 
iBnnably  on  £. 
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CoNosKixfl.    Species  which  belong  to  the  eame  geims. 

CoNOLOMEBATB,  OF  PuDDiNosTONE.  Soiinded  water-woTD  fhigtnents  of  rook  or  peb- 
bles, oemented  together  bv  another  mineral  snbstanoe,  which  may  be  of  a  sili- 
ceous, oalcareoos,  or  argillaoeons  nature.    Jt^m.,  can,  together,  glomtro,  to  heap. 

OomFEBii.  An  order  of  plants,  all  of  which  have  disks  in  their  wood  fibres,  by  which 
they  are  recognized  in  a  fossil  state.  Their  ovules  are  naked  (see  Qtknoobnb). 
Most  of  the  northern  kinds  bear  the  seeds  in  cones ;  but  the  yew  does  not,  nor 
do  a  host  of  tropical  and  south  temperate  species.  JEtym,,  comu,  a  cone,  and 
/»v,  to  bear. 

CoocoooNT,  CosMOLooT.  Words  synonymous  in  meaning,  applied  to  speculations 
respecting  the  first  origin  or  mode  of  creation  of  the  earth.  Mym.,  «o9/iof,  ko»- 
mo9,  the  world,  and  yovir,  gon$$y  generation,  or  yvyn^  hgoa,  discourse. 

Crag.  A  provincial  name  in  Norfolk  and  Suffolk  for  certun  tertiary  deposits  usu- 
ally composed  of  sand  with  shells,  belonging  to  the  Older  Pliocene  period. 

GBATXXt.  The  circular  oavi^  at  the  summit  of  a  volcano,  firom  which  the  volcanic 
matter  is  ejected.    Etym,,  oraieTf  a  great  cup  or  bowl. 

Cbxtaosoub.    Belonging  to  chalk.    Mym,,  ereta,  chalk. 

Crop  Out.  A  miner's  or  mineral  surveyor's  term,  to  express  the  rising  up  or  expo- 
sure M  the  surlhoe  of  a  stratum  or  series  of  strata. 

Geubt  or  THE  Earth,    See  "  Earth's  crust." 

OBrafTAOBous.  Animals  having  a  shelly  coating  or  crust  which  they  cast  periodically. 
Grabs,  shrimps,  and  lob9ter8  are  examples. 

Gbtptooaioo.  Aaexual,  floweriess,  or  Acotyledonous  plants;  a  term  applied  to 
half  the  vegetable  kingdom  in  contradistinotion  to  Phsnogamic,  sexusl,  or  flow- 
ering plants.  It  indndes  Fungi,  Sea-weeds,  Lichens,  Mosses,  Ferns,  &o.,  which 
have  no  obvious  flowers,  and  no  cotyledons  (seed-lobes)  to  their  spores  or  seeds. 
Myin,,  KfvwTotf  eruptoe,  concealed,  and  ya/ipf,  gamot,  marriage. 

Cbtstalb.  Simple  minerals  are  frequently  found  in  regular  forms,  with  fiicets  like 
the  drops  of  cut  glass  of  chandeliers.  Quartz  being  often  met  with  in  rocks  in 
such  forms,  and  beautifhlly  transparent  like  ice,  was  called  roek-cryttoLt  ir^«ra\- 
Xof,  erystaUoif  being  Greek  for  ice.  Hence  the  regular  /orm$  of  other  minerals 
are  called  crystals,  whether  they  be  dear  or  opake. 

Gbtbtaluzid.  a  mineral  which  is  found  la  regular  forms  or  crystals  is  said  to  be 
crystallized. 

CsYBTALLiifE.  The  Internal  texture  which  regular  ozystals  exhibit  when  broken,  or 
a  oonftised  assemblage  of  ill-defined  crystals.  Loaf-eugar  and  statuary-marble 
have  a  eryttalUne  texture.    Sugar-candy  and  calcareous  spar  are  crystallized. 

ContaxBous.    Copper-bearing.    Mym.,  ouprum,  copper,  and/ero,  to  bear. 

Ctoadsji.  a  small  and  very  anomalous  order  of  flowering  plants,  chiefly  found  in 
Mexico,  the  East  Indian  Islands,  South  Africa,  and  Australia.  They  are  Oym- 
-  nogens  as  to  ovules,  and  neither  Exogens  nor  Endogens  in  the  wood  of  their 
.  short,  simple,  or  branched  trunks,  and  they  have  dicotyledonous  seeds.  The 
leaves  are  pinnated  (like  those  of  cocoa-nut  palms),  and  when  young  are  rolled 
inwards  as  in  Ferns.  The  wood  flbres  are  curiously  perforated,  and  marked, 
by  which  they  are  recognized  in  a  fossil  state  as  well  as  by  the  trunk  and  foliage, 
and  the  cones,  which  contain  the  male  flowers.  The  term  is  derived  from  nxasy 
epcaty  a  name  applied  by  the  ancient  Greek  naturalist  Tlireophrastus  to  a  palm. 

Ctfesaobjb.  A  tribe  of  plants  answering  to  the  English  sedges ;  they  are  distin- 
guished from  grasses  by  their  stems  being  solid,  and  generally  triangular,  instead 
of  being  hollow  and  round.  Together  with  QrtimiMCS  they  constitute  what 
writers  on  botanical  geography  often  oall  glumaeea. 

BsBAOLS.  A  great  rush  of  waters,  which,  breaking  down  all  opposing  barriers,  car- 
ries forward  the  broken  fragments  of  rocks,  and  spreads  them  in  its  course. 
iSym.,  debader,  French,  to  unbar,  to  break  up  as  a  river  does  at  the  cessation  of 
a  long-continued  frost. 

PxLTA.  When  a  great  river,  before  it  enters  the  sea,  divides  into  separate  streams, 
they  often  diverge  and  form  two  sides  of  a  triangle,  the  sea  being  the  base.  The 
land  induded  by  the  three  lines,  and  which  is  invariably  alluvial,  was  flrst  called, 
in  the  case  of  the  Nile  a  delta,  from  its  resemblance  to  the  letter  of  the  Greek 
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alphabet  which  goes  by  that  nama  A.  Geologists  apply  tha  torm  to  alhiTial  land 
fonnad  by  a  river  afc  ito  mootb,  withont  referenoa  to  ita  pradise  ahape. 

DBHUDtASiox.  The  oanying  away  by  the  aotion  of  ranning  water  of  ft  portSoa  of  the 
Bolid  materiflla  of  the  land,  by  which  inferior  rocka  are  laid  baxe.  J^fm^  dMtu^, 
to  lay  bare. 

Dif'ZZDizBB,  DiozmATiD.    Deprived  of  oxygen.    Diapnited  from  oxygen. 

]>niG0i4TioN.    The  art  of  drying  op.    JU^tn^  detieeo,  to  dry  np. 

BraaTua.    Matter  worn  or  rubbed  off  from  rocks.    JStym,^  d;  from,  and  itro^  to  rub. 

DiooTTLXDOMOUs.  A  grand  division  of  the  vegetaUe  kingdom,  founded  on  the  plant 
having  two  oo^/Udoni^  or  aood-lobea.  &ym,,  ftty  du^  donble,  and  mnXwhw, 
cotyledon. 

DuLBs.  When  a  mass  of  the  nnatratifled  or  igneous  rocka,  snob  aa  granite,  trap^  and 
lava,  appears  as  if  iigeoted  into  a  rent  in  the  atratafied  rocka,  cutting  acroaa  the 
stnta,  it  forms  a  dike.  They  are  sometimea  aeen  ranning  along  the  gronnd, 
and  projecting,  like  a  wall,  from  the  aofter  stnta  on  both  sidea  of  them  having 
wasted  away ;  whence  they  were  first  oailod  in  the  north  of  England  and  in  Soot- 
land  dUbetf  a  provincial  name  for  wall.  It  is  not  easy  to  draw  the  line  be^een 
dikes  and  veins.  The  former  are  generally  of  larger  dimensions,  and  have  their 
sides  parallel  for  oonuderaUe  distancea ;  while  veina  have  genenQy  many  lami- 
floations,  and  those  often  thin  away  into  slender  threads. 

DiLuvnjic  Thoee  aoonmolationa  of  gravel  and  loose  materiala,  whidi,  by  aome  geot 
ogists,  are  said  to  have  been  prodneed  by  the  aotion  of  a  dilnviaa  wave  or  del- 
nge  sweeping  over  the  surface  of  the  earth.    .fUlynk,  dUumumf  delnge. 

Dip.  When  a  stratum  does  not  lie  hotiaontally,  but  is  inclined,  it  ia  aaid  to  4^ 
towards  some  point  of  the  compass,  and  the  sngle  it  makes  with  the  Itorieon  is 
called  the  angle  of  dip  or  inclination. 

DiPTxiu.  An  order  of  insects,  comprising  those  which  have  only  two  wings.  Ji^yns., 
Siff  dity  douUe,  and  wrtp^v,  pferon^  wing. 

BoLxnrra.    One  of  the  varieties  of  the  Trap-rocks,  composed  of  angito  sad  felapar. 

DoLomra.  A  crystalline  limestone,  containing  nugneaia  aa  e  eonadtnent  part. 
Named  after  the  French  geologist  Dolomieu. 

Ihjiixs.  Low  hills  of  blown  sand  that  skirt  the  shores  of  Holland,  England,  Spain, 
and  other  countries. 

Eabib's  Obust.  Such  superficial  parts  of  our  planet  as  are  aooeaaible  to  hionan  ob 
servation. 

Egftbosb.    a  Greek  term  for  a  destructjon  by  fire. 

Elttra.  The  wing-sheaths,  or  upper  omstaoeons  membranes,  which  form  the  sn- 
pcrior  wings  in  the  tribe  of  beetles.  They  oover  the  body,  and  protoot  the  tms 
membranous  wing.    Mjfm.^  tk^r^w,  dytiw^  a  sheath. 

ENDoexNs.  A  class  of  flowering  plants,  whose  stems  present  no  distinetJen  of  wood, 
pith,  and  bark.  The  wood  Is  disposed  in  bundles,  placed  nearer  the  axis  than 
thoee  of  the  previous  year,  as  in  palm  trunks.  This  class  answers  to  the  Mono- 
cotyledones  of  Jnssien.  Etym^  wAqw^  mdm^  within,  and  yanmity  pwMMt,  inoeaBe. 

Emtoxostbaca.  Cnvier^s  second  section  of  Cmstaoea;  ao  oalled  fh>m  their  relation- 
ahip  to  insects.    Btym.^  crrofia,  sntoma^  insects. 

EocENx.  A  name  given  to  the  lowest  division  of  the  tertiary  atrsta,  containing  an 
extremely  small  percentage  of  living  species  amongst  ito  foawl  shells,  whioh  indi- 
cate the  first  commencement  or  dawn  of  the  existing  state  of  the  animate  crea- 
tion.   Mym.,  initt^  eos^  aurora  or  the  dawn,  and  «aiM(,  htmoi^  recent. 

EscABFiiK>-T.  The  abrupt  face  of  a  ridge  of  high  land.  J^m.,  smoi^mt,  French,  to 
cut  steep. 

Ebtoabibb.  Inlets  of  the  land,  which  are  entered  both  by  rivere  and  the  tides  of  the 
sea.  Thus  we  have  the  estuaries  of  the  Thames,  Severn,  Tay,  Ao.  JEtfm^ 
aHuty  the  tide. 

ExooxNs.  A  class  of  flowering  phmts  whose  stems  have  bark,  wood,  and  pith.  The 
bark  Is  increased  by  layera  deposited  within  the  previously  fbrmed  layers  and 
the  wood  of  layers  or  rings  placed  outside  of  those  of  the  previous  year.  TUe 
doas  answers  to  the  Biootyledones  of  Jnaaieu,  and  inolndes  all  oomuon  ¥lF>g*'*h 
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trees  except  irfnes,  <feo.  (8«e  O'miioexn.)  JBjym.,  s^r,  mo,  ontelde,  ycvfMc » ^«»- 
MW,  inoreiiM. 

tscnsaaamm  OBVon.  <  A  decisive  experiment,  so  called,  beoansei  like  a  eross  or 
direotloii«^)Ost,  it  direots  men  to  tnie  knowledge ;  or,  as  some  explain  it,  beeause 
it  is  a  kind  of  torture  whereby  the  nature  of  the  thing  is  extorted,  is  it  were,  by 
violence* 

EruTXA  Properly  speaking,  the  transient  parts  of  certain  animals  which  they  pnt 
off  or  lay  down  to  assame  new  ones,  as  serpents  and  caterpillars  shift  their 
skins ;  but  in  geology  it  refers  not  only  to  the  cast-off  coverings  of  animals,  bat 
to  fossil  sheila  and  other  remains  which  animals  have  left  in  the  strata  of  the 
earth.    £tym,f  imur^j  to  put  off  or  divest. 

Falubs.    a  French  provincial  name  for  some  tertiary  strata  abounding  In  shells  in 

Tonnune,  which  resemble  in  litholcgical  characters  the  **  Crag"  of  Norfolk  and 

Soffolk. 

Favit,  in  the  language  of  miners,  is  the  sudden  interruption  of  the  continuity  of 

straU  in  the  same  plane,  accompanied  by  a  crack  or  fissure,  varying  in  width 

ttom  a  mere  line  to  several  feet, 
I^  99.  which  is  generally  filled  with  broken 

stone,  day,  Ao* 

The  strata,  a,  6,  e,  Ac.,  mut  at 
one   time  have  been  continuous; 
but  a  fracture  having  taken  place 
at  the  IbultF,  either  by  the  upheav- 
ing of  the  portion  A,  or  the  sinking 
of  the  portion  B,  the  strata  were  so 
displaced  that  the  bed  a  in  B  is 
many  feet  lower  than  the  same  bed 
a  in  the  portion  A. 
Fauka.    The  varions  kinds  of  animals  peculiar  to  a  country  constitute  Its  Fatota,  as 
the  varions  kinds  of  plants  oonstitnte  its  Floba.    The  term  is  derived  from  the 
FAmn,  or  rural  deities,  in  Soman  liytbology. 
Fbupas.    a  simple  mineral,  which,  next  to  quartz,  constitutes  the  chief  material  of 
rocks.    The  white  angular  portions  In  granite  ara  felspar.    This  mineral  always 
contuns  some  alkali  in  its  composition.    In  cMtrntm/dipar  the  alkali  is  potssh ; 
in  another  variety,  called  Albite  or  Cleavlandlte,  it  is  soda.    Olassy  felspar  is  a 
term  applied  when  the  crystals  have  a  considerable  degree  of  transparency. 
Oon^ac^  Iblspar  is  a  name  of  mora  vsgue  signiflcstion.    The  substance  so  called 
appean  to  contain  both  potash  and  soda. 
FnapATHio.    Of  or  belonging  to  ibispar. 

FvBsnozNous.    Any  thing  containing  iron.    JStym,,/errwn,  iron. 
Fbsxlb,  easily  deft,  dividing  readily  into  an  indefinite  number  of  parallel  lamlntt, 

UkesUtis. 
Floxts  Bocks.    A  German  term  applied  to  the  secondary  strata  by  the  geologMs  of 
that  comtry,  because  these  rocks  were  supposed  to  occur  most  frequentiy  In 
flat  horiaontal  beds.    JS^ffm,^  jCoto,  a  Uyer  or  stratum. 
Floba.    The  various  kinds  of  trees  and  plants  found  in  any  country  constitute  the 

Flora  of  that  country  in  the  language  of  botanists. 
FLVTiAnu.    Belong^  to  a  river.    Ji!|^*k,/MMi«,  a  river. 

FoBAUNDBBA.  A  naoM  glvcu  by  D'Orbigny  to  a  flunlly  of  microscopioshells.  Theix 
different  chamben  are  united  by  a  small  peribration  or  foramen,  Becent  obser- 
vation has  shown  that  some  at  least  are  not  Cephalopoda,  as  D*Orbigny  sup- 
posed. 
FoBXAnoB.  A  group,  whether  of  alluvial  deposits,  sedimentary  strata,  or  igneous 
rocks,  referred  to  a  common  origin  or  period. 

AU  minamis  were  onoe  called  fossils,  bnt  geologists  now  use  the  word  only 

to  express  the  remidns  of  animals  and  plants  found  buried  in  the  eaitii.    Ifym*^ 

fouilUt  any  thing  that  may  be  dug  out  of  the  earth. 

Oontalningc 
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Qalxka.  a  metallio  ore,  a  compound  of  lead  and  aulphnr.  It  baa  often  the  appear- 
ance of  highly  polished  lead.    Mym.,  yXitt,  ffolsQ,  to  ahine. 

Oabioet.  a  simple  mineral,  genenlly  of  a  deep  red  color,  eryatoDixed ;  moat  oonn' 
monly  met  with  in  mica  slate,  but  also  in  granite  and  other  Igneoas  locka. 

GAansopone.  A  division  of  the  Teataeea,  in  which,  as  in  the  limpet,  the  foot  if 
attached  to  the  body.    JBtym,^  yacriif,  gatUr^  belly,  and  woia,poda,  feet. 

Gault.  a  provincial  name  in  the  east  of  England  for  a  series  of  beds  of  day  and 
marl,  the  geological  position  of  which  is  between  the  Upper  and  Lower  Green 
sand. 

Gavial.    a  kind  of  crocodile  found  in  India. 

GsK,  or  GzHHULX,  from  the  Latin  ffetnmaf  a  bad.  The  term,  applied  to  zoophytea, 
means  a  yoang  animal  not  confined  within  an  envelope  or  egg. 

GsoLooT,  GxooNosT.  Both  mean  the  aame  thing ;  bat  with  an  anneceaaaiv  degree 
of  refinement  in  terms,  it  has  been  propoaed  to  call  oar  description  of  tha  stnic- 
ture  of  the  earth  gtognoty  {Etym.^  yta,  gea^  earth,  and  yivuvKm^  ginotoo^  to  know), 
and  oar  theoretical  speculations  as  to  its  formaiion g€ology{£fym^  yta,  andXjyof, 
logo$y  a  discourse). 

Glacxbb.  Vast  accumulations  of  ice  and  hardened  snow  in  the  Alpa  and  other  lofty 
mountains.    Mym,^  glace^  French  for  ice. 

Glacis.  A  term  borrowed  from  the  language  of  fortification,  where  it  nuttna  an  easy 
inaensible  slope  or  declivity,  leas  steep  than  a  ialuSf  which  see. 

Gnbob.  a  stratified  primary  rock,  composed  of  the  same  materials  aa  granite,  bat 
having  usually  a  larger  proportion  of  mica  and  a  laminated  texture.  The  word 
ia  a  German  miner^a  term. 

GBAMDvuk    The  order  of  plants  to  which  grasses  belong.    Etym,^  gtamm,  giiaa. 

QttAxm,  An  unstratifled  or  igneous  rock,  generally  found  inferior  to  or  associated 
with  the  oldest  of  the  stratified  rocks,  and  sometimes  penetrating  them  in  the 
form  of  dikea  and  veins.  It  is  usually  composed  of  thi^ee  simple  ounerab,  fel- 
spar, quartz,  and  mica,  and  derives  its  name  fit>m  having  a  coaxM  groMdar 
atruoture;  granumt  Latin  for  grain.  Waterloo  bridge,  and  the  paving-«tonea 
in  the  carriage-way  of  the  London  atreeta,  a£ford  good  examplea  of  the  most 
common  varieties  of  granite. 

GuuRcsAND.  Beds  of  sand,  sandstone,  limestone,  belonging  to  the  Cretaoeoua  Pe- 
riod. The  name  is  given  to  these  beds  because  they  ofren^  but  not  always,  con- 
tain an  abundance  of  green  earth  or  chlorite  scattered  through  the  aubatance  of 
the  sandstone,  limestone,  &c. 

Gbbbnstonx.    a  variety  of  trap,  compoaed  of  hornblende  and  felapar. 

GsETWACKi.  Orauwa^  a  German  name,  generally  adopted  by  geologists  for  some 
of  the  most  ancient  fossiliferous  strata.  The  rock  is  very  often  of  a  gray  color; 
hence  the  name,  grau^  being  German  for  gray,  and  imm£«,  being  a  provincial 
miner's  term. 

Gbit.    a  provindal  name  for  a  coarse-gnuned  sandstone. 

GTMifoepxBMous.  JQlym.,  ynfLvoty  gymnoB^  naked,  and  vnp^a,  tptrmoy  a  aeed.  (See 
GnoTooaNs.) 

GTXNooiora.  A  daas  of  flowering  plants,  in  which  the  ovules  are  not  incloeed  in  an 
ovary.  They  are  also  called  gymno9p0rm8y  the  seeda  in  like  manner  not  being 
inclosed  in  a  pericarp.  It  indudes  all  Oonifera,  aa  pine,  flr,  juniper,  <;ypress, 
yew,  cedar,  &a,  and  Ogoad^a.  All  are  Dicotyledonous  (a  fbw  have  many 
cotyledons),  and  all  Ezogenona,  except  OgooBf  the  growth  of  which  is  anomabna. 
The  term  is  applied  in  contradiatinotion  to  Angiotpermif  which  see.  iS^ym., 
ytfiwfi,  naked,  and  ytnntt  increase. 

GTFSDiff.  A  mineral  composed  of  lime  and  sulphuric  add,  hence  called  also  mUphait 
of  lime.  Plaster  and  stucco  are  obtained  by  exposing  gypsum  to  a  strong  heat 
It  is  found  so  abundantiy  near  Paria,  that  liaater  of  Paris  ia  a  common  term  in 
this  country  Ibr  the  white  powder  of  which  oasts  are  made.  The  term  ia  osed 
by  Pliny  for  a  stone  used  for  the  same  puipoaea  by  the  andenta.  The  derivation 
is  unknown, 

Grpsaous,  of  or  bdonging  to  gypsum. 

Gtbooonetbb.  Bodies  found  in  f^hwater  deposits,  originally  supposed  to  be  mtefo- 
Boopic  shdls,  but  subsequentiy  discovered  to  be  seed-vessela  of  fresh  water  planta 
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of  the  genua  Oftara.    See  above  p.  742.    Xtym^  y»p«c  Pyw,  curved,  and  ywt» 
^onotf  aeedf  on  aooonnt  of  their  external  etraetare. 

HnopTXRA.  An  order  of  insects,  so  called  from  a  pecnliarity  in  their  wings,  the 
anperior  being  coriaceous  at  the  base  and  membranous  at  the  apex,  tiiun,hMwtu^ 
half,  and  wrt^v,  pterwij  wing. 

HoBHBLXNDB.  A  simple  mineral  of  a  dark  green  or  black  color,  which  enters  laigelj 
into  the  composition  of  several  varieties  of  the  Trap-Bocks. 

HoBNsrroNE.  A  siliceous  mineral  substance,  sometimes  approaching  nearly  to  flint| 
or  common  quartz.  It  has  a  conchoidal  fracture,  and  is  infusible,  which  distin* 
gnishes  it  from  compact  felspar. 

HuMXBUs.    The  bone  of  the  upper  arm. 

Hydbophttes.  Plants  which  grow  in  water.  Stym,^  hSup,  liydor^  water,  and  ^vfw, 
pkfton^  plant. 

Htpooxits  Socks.  Those  rocks  which  are  nether-fonned,  or  which  have  not  assumed 
their  present  form  and  structure  at  the  surface,  such  as  granite,  gneiss,  Sk.  The 
term,  which  includes  both  the  plutonic  and  metamorphic  rocks,  is  substituted 
torprimary^  because  some  members  of  both  these  classes,  such  as  granite  sad 
gneiss,  are  posterior  to  many  secondary  or  fossiliferous  rocks.  J%fn.,  im, 
hffpoy  under,  and  yive^ai,  giiwmai^  to  be  formed  or  produced. 

loBBXBo.  Oreat  masses  of  ice,  often  the  size  of  hills,  which  float  in  the  polar  and  ad- 
jacent seas.    J&ym,^  ice,  and  h«rg^  German  for  hill. 

laBTRTosAimns.  A  gigantic  fossil  marine  reptile,  allied  in  part  of  its  structure  to  a 
flsh.    Mym,,  txOvs,  iehtkutj  a  fish,  and  nvpa^  tauraj  a  lizard. 

IttRxous  Socks.  All  rocks,  such  as  lava,  trap,  and  granite,  known  or  supposed  to 
have  been  melted  by  volcanic  heat. 

broAiVDSSGXKT.    White  hot— having  a  more  intense  degree  of  bes^t  than  red  heat. 

iBDUonoN.  A  consequence,  inference,  or  general  principle  drawn  from  a  number  of 
particular  &cts  or  phenomena.  The  inductive  philosophy,  says  Mr.  Whewell, 
has  been  rightly  described  as  a  science  which  ascends  from  particular  facts  to 
general  principles,  and  then  descends  agun  from  these  general  principles  to  par- 
ticular applications. 

IVFUSOBT  AnniAjjouLSB.  Hinute  living  creatures  found  in  many  infuriom  ;  and  the 
term  infusari  has  been  £^ven  to  all  such  animalcules,  whether  foimd  in  infrtsiona 
or  in  stagnant  water,  vinegar,  Ac. 

IvBPBBATXD.    Thickened.    £iym,j  tpitaut^  thick. 

Ikvxbtxbbatsd  AmxALs.  Animals  which  are  not  Aimished  with  a  back-bone.  For 
a  frirther  explanation,  see  "  Vertebrated  Animals." 

IsoTBKBXAL.  Such  Boucs  or  dlvisions  of  the  land,  ocean,  or  atmosphere,  which  have 
an  equal  degree  of  mean  annual  warmth,  are  said  to  be  isothermal,  from  wot,  mm, 
equal,  and  ^nn,  ifiMrme^  lieat 

Jonm.  Fissures  or  lines  of  parting  in  rooks,  often  at  right  angles  to  the  planes  of 
stratification.  The  partings  which  divide  columnar  basalt  into  prisms  are  Joints. 

JuBA  LiMXBTONx.  The  limestones  belonging  to  the  Oolite  Group  constitute  the  chief 
part  of  the  mountains  of  Jura  between  France  and  Switzerland ;  and  hence  the 
geologists  of  the  Continent  have  given  the  name  to  the  group. 

KsUFiB.    A  German  name  for  a  member  of  the  I7px>er  New  Bed  Sandstone. 
EnaoEnMiB  Cult.    A  thick  bed  of  day,  oonstituting  a  member  of  the  Oolite  Group. 

So  called  because  it  is  found  well  developed  at  Eimmeridge,  in  the  Isia  of  Buiy 

beck,  Dorsetshire. 

liAousramjL    Belonging  to  a  lake.    Ktym,^  laew^  a  lake. 

LAMAxmifB.  A  living  species  of  the  herbi voroos  Cetacea  or  whale  tribe  which  inhab- 
its the  mouth  of  riven  on  the  coasts  of  Africa  and  South  America :  the  sesrcow. 

LAXBLLmEBouB.  Having  a  structure  conaistang  of  thin  platea  or  leaves  like  paper. 
JSl^.j  lamdlOy  the  diminutive  otlamina^  pl^te,  and/vTV,  to  bear. 

Lamihjb.  Latin  for  platea ;  used  in  geology  for  the  smaller  layers  of  which  a  stratun 
is  frequentiy  oompoaed. 


ItAiranjr.    A  portion  of  land  tbat  Iim  Blid  down  in  MOMqnMioe  of  dirturiaaoo  by 

an  earthquake,  or  from  bdng  undaraiined  hy  water  wmUag  avij  tfaa  lowor 

beda  which  aupported  it. 
LaFiDinoATioN.    Lapidifying  prooeaa.    Conversion  into  atono.    .S^w-,  /apw,  afeoiu^ 

and/0,  to  make. 
Lapilu.    Small  voloanio  cindera.    ZapiUuiy  a  little  atone. 
Lava.    The  atone  which  flowa  in  a  melted  atate  fiN>ra  a  Toloano. 
LmDODSKzyBoic,  a  genua  of  foasil  planta  of  the  Coal  Meaanree,  intarmediafee  in  ohar> 

acter  between  the  Ljoopodinma  and  coniftroua  planta. 
Lsuoxn.    A  aimple  mineral  found  in  voloanio  rooka,  erjataHiaed,  and  of  a  white 

oolor.    Jkym.,  Xnnt,  Uucoty  white. 
IdAa.    A  provinoial  name  for  an  aigillaoeoua  Umeatooe,  chaneteriaod  together  with 

ita  aaaooiated  beda  by  peonliar  foeaila,  and  forming  a  parUenlar  group  of  atnta, 

interposed  between  the  Oolite  and  the  New  Red  Sandatone. 
IiUiinpxBDoin.    A  term  applied  to  inaeotawliichdeatroT  wood.   JBtpm^Jiffnwm^wood, 

and  ptrdOf  to  destroy. 
tMvm.    Wood  converted  hito  a  kind  of  ooal.    JEK^  ^f^ntnuy  wood. 
LtiBODOia.    Mollusoous  animals  which  form  holea  in  the  aolid  rooka  in  which  they 

lodge  themselvea.    The  holea  are  not  perforated  mechanically,  but  the  rock  ap- 

pean  to  be  diasolved.    £tym.j  A<00c,  liiAof,  atone,  and  ii^w,  ^mio,  to  build. 
LcTHOoxvous  PoLYPa.    Animala  which  form  ooraL 
LifBOOBAFHio  Stoitx.    A  slaty  compact  limestone,  of  a  yellowiah  color  and  fine  grain, 

used  in  lithography,  which  is  the  art  of  drawing  upon  and  printing  from  atooa 

Mym.^  Xt$ost  lUiotf  stone,  and  ypafo,  grapkOj  to  write. 
LmomAU    Having  a  stony  structure. 
LmoLooiOAL.    A  term  expresaing  the  stony  structure  or  charafltftr  of  a  minenl  ma«. 

We  speak  of  the  Uthological  character  of  a  atratum  aa  diatinguished  finm  ita 

soological  character.    £tjfm.f  Xt0of ,  Ut^ot^  stone,  and  Xtyf*  ^*V^i  diaooorse. 
IdTHOFUAOi.    Mollusoous  auimals  which  form  holes  in  solid  stones.    See  "  Idthodo 

ml**    Mym,^  XiO«c,  ZiMot,  stone,  and  f«y«v,^Aa^teu»,  to  eaL 
LiTHOFHrm.    The  animala  which  form  Stone-conl. 
LnroKAL.    Belonging  to  the  shore.    Mym,^  UUutf  the  shore. 
LoAX.    A  mixture  of  sand  and  day. 
LoraioDON.    A  genus  of  extinct  quadrupeda,  allied  to  the  tapir,  named  flxxn  end- 

nenoea  on  the  teeth. 
LToorooiAoxA    Plants  of  an  inferior  degree  of  oiganlzation  to  Conlfene,  aome  of 

which  they  very  much  resemble  in  foliage,  but  all  recent  spedea  are  infinitely 

amaller.    Many  of  the  fossil  spedes  are  as  gigantic  as  recent  Gonifera.    Their 

mode  of  reproduction  is  analogous  to  that  of  ferns.    In  English  they  are  called 

dub-mosses,  generally  found  in  mountainoua  heaths  in  the  north  of  England. 
Ltdiak  Stoioe.    Flinty  slate ;  a  kind  of  quartz  or  flint,  allied  to  Homstone,  but  of  a 

grayiah  black  oolor. 

MAGieKO.  In  Italy  this  term  has  been  applied  to  a  aillceoua  sandatone  ■nmo^im^  oon* 
taining  calcareoua  graina,  mica,  ^^ 

Madbkpork.  a  genus  of  corals,  but  generally  applied  to  all  the  oonJa  diatii^ished 
by  superficial  star-shaped  cavitiea.    There  are  aeversl  foaail  apeciea. 

MAttirsBiAN  Ldoestokx.  An  extensive  series  of  beds,  the  geological  position  of  which 
la  immediatdy  above  the  Coal  Meaaurea;  ao  called,  becaoae  the  limestooai  the 
principal  member  of  the  series,  contains  much  of  the  earth  magneaia  aa  a  oon> 
Btituent  part. 

MAiaoFKicouB.  Mammifera.  Animala  which  give  suck  to  their  young.  Tothiadasa 
all  the  warm-blooded  quadrupeda,  and  the  Cetacea,  or  whalea,  bdong.  £tfm., 
mamma,  a  breast,/ero,  to  bear. 

Maxxillaiit.  a  aurfaoe  which  ia  atudded  over  with  roondod  projeotiona.  JB^gm^ 
fnammilUn,  a  little  breaat  or  pap. 

Mamiioib.  An  extinct  apedea  of  the  dephant  (£  frimif^mim)^  of  wliieh  tho  Ibadl 
bones  are  frequently  met  with  in  varioua  oountriea.  The  name  ia  of  Tartu  ori- 
gin, and  ia  aaed  in  Siberia  for  animals  that  burrow  under  ground. 

Mamatl    One  of  the  Cetaoea,  the  sea-cow,  or  Uunantine  (IVmAmAm  laiwrtiia,  Ion.) 
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Masu    a  miztare  of  «la(f  uid  lime ;  tunully  soft,  but  waiMtimM  bard,  in  wMflh  qmo 

it  18  called  indurated  marl. 
Habtoful  AxaudA.  A  tribe  of  tjnadrnpede  beving  a  eaok  ot  ponoh  under,  tiie  beUgr, 

in  wbich  they  cany  their  yoong.    The  kangaroo  ia  a  well-known  example. 

Mtym.^  mamupwiim^  a  pnrae. 
MAflTODOH.    A  genua  of  foeail  extinct  qnadmpeda  alHed  to  tiie  elephants ;  eo  called 

ftom  the  form  of  the  hind  teeth  or  grindera,  which  have  their  anrfaoe  eoTered 

with  conical  mammiUary  creeti.    Eb^fm,^  ft—rtSy  mattMy  pap,  and  ojwr,  edan^ 

tooth. 
JM^Anoz.    If  a  simple  mineral  or  shell,  in  place  of  being  detached,  be  still  fixed  in  a 

portion  of  rook,  it  ia  said  to  be  in  its  matrix.    MaM^  womb. 
Mbghakigal  Obioxn,  Bookb  or.    So^a  composed  of  sand^  pebUes,  wfngoMtB,  are 

so  called  to  distinguish  them  from  thoee  of  a  uniform  oiystalline  texture,  which 

are  of  chemioal  origha. 
HspiMLa.    A  genus  of  marfaie  radiated  animals,  without  sheQs;  so  cafled,  beeanse 

their  organs  of  motion  spread  oat  like  the  snaky  hair  of  the  flibulous  Medusa. 
MsoALosACBus.    A  fossil  gigantio  amphibious  animal  of  the  saniGui  or  Uaaid  and 

crocodile  tribe.    jBl^m.,  luycXv,  mtgols^  great,  aod  «ttvf«,  mimw,  lixerd. 
MaoATBumnc.    A  foesil  extinct  quadruped,  resembling  a  gigantic  sloth.    Mt^m^ 

/i«ya,  mega,  great,  and  0ir^i«v,  ^^rion,  wild  beast 
IdxLAtfTouA,    A  genus  of  kULMToiucBA,  an  order  of  exotic  plants  of  the  eTe^gieai 

tree  and  shrubby  kinds.       Etym.^  f^f*  meUUf  black,  and  vrofta,  «ft?fli«,  mouth ; 

because  the  fruit  of  one  of  these  species  stains  the  lipe. 
MxBOTTPx.    A  simple  mineral,  white,  and  needle-shaped,  one  of  the  Zeolite  fiunily, 

frequently  met  with  in  the  Trap-rooka. 
MxrjLMOBPHio  Rocks.    A  stratifled  division  of  hypogene  rooks,  highly  oiystalline, 

such  as  gneiss  and  mica-schist,  and  so  named  because  they  have  been  aUeted  by 

plntonio  action.    Mym,,  ficra,  fiMte,  trans,  and  fi«^^,  morphsj  form. 
MioA*    A  aimple  mineral,  having  a  shining  silvery  surface,  and  capable  of  being 

split  into  very  thin  elastic  leaves  or  scales.    It  is  often  called  tale  in  oommon 

life ;  bat  mineralogists  apply  the  term  talc  to  a  different  mineral.    The  brilliant 

Bcales  in  granite  are  mica.    M^m.^  mieoj  to  shine. 
HicA-sLATJi,  MiGA-ScH»r,  MioAOSoiiB  SaHjBTUs.    One  of  the  metamorphio  or  crjpstal- 

Une  atratif&ed  rocka  of  the  hypogene  claas,  which  is  eharsoterized  by  belAg  com- 
posed of  a  laige  proportion  of  mica  united  with  quartz. 
HiowB.   A  division  of  tertiary  strata  intervening  between  the  Eocene  and  Pliocene 

formations ;  so  called,  because  a  minority  of  its  fossil  shells  are  referable  to  liv- 
ing species.    JStpm,,  fMw,  meion^  less,  and  caiiwf,  htdnoe^  recent. 
HoLAssB.    A  provincial  name  for  a  soft  green  sandstone,  associated  with  marl  and 

conglomerates,  belonging  to  the  Miocene  Tertiary  Period,  extensively  developed 

in  the  lower  country  of  Switaeriand.    Mym,^  French,  moUe,  soft. 
MoLLUBOA,  MoLLCsoouB  Akimalb.    Auimals,  such  as  shell-fish,  which,  being  devoid 

of  bones,  have  soft  bodies.    Etym.,  iroiUm,  soft. 
MoKAn.    The  smallest  of  visible  animalcules,  spoken  of  by  Buflbn  and  his  foUowen 

as  constituting  the  elementary  molecules  of  organic  beings. 
MomoB.    An  animal  of  the  saurian  or  lixard  tribe,  species  of  which  are  found  in 

both  the  fossil  and  recent  state. 
MoHoooTTx^EDONouB.    A  grand  division  of  the  vegetable  kingdom  (including  palms, 

grasses,  Lilaoen,  &q»\  founded  on  the  plant  having  only  one  wtf/Udon^  or  seed* 

lobe.    JSfym.,  /(•yos,  monM,  single. 
MoBAons,  a  Swiss  term  for  the  debris  of  rocks  brought  into  valleys  by  glaciem.   See 

p.  298. 
MoaoHus.    A  quadruped  resembling  the  chamois  or  mountain  goat,  fh>m  which  the 

perfume  musk  is  obtained. 
MouKTAJN  Ldcbtons,  OB  CABBoiorBsous  LncBnomc    A  series  of  limestone  strata  of 

marine  ori^n,  usually  forming  the  lowest  member  of  the  Goal  Measures. 
MoTA.    A  term  applied  in  South  America  to  mud  poured  out  flrom  volcanoea  during 

emptions. 
HuurooouLAB.    Many-chambered;  a  term  applied  to  those  shells  which,  like  the 

nautilus,  ammonite,  and  others,  are  divided  into  many  compartments.    Elpi^ 

muUuty  many,  and  looulut^  a  partition. 
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MraoASB  ov  Soda.  The  edentUle  name  for  oommon  ooliniry  aatt,  beeuae  St  is  oom' 
poeed  of  muriatic  add  and  the  alkali  aoda. 

HmAXOLM,  A  tuoSlj  of  tropical  monoootyledoaoiia  plants,  including  the  banana  and 
plantains. 

MuaGHXLXAUc  A  limestone,  belonging  to  the  Upper  New  Sed  Sandaione  group. 
Its  position  is  between  the  Magnesian  limestone  and  the  Liaa.  This  fonnalaon 
baa  not  yet  been  found  in  England,  and  the  Gennan  name  is  adopted  fajEbgiish 
geologists.  The  word  means  shell  limestone.  FiifOky  mmdkeif  shell,  and  JbaBb- 
tUin,  limestone. 

Kafbiha.  a  very  thin,  volatile,  inflammable,  and  fluid  mineral  substanoe,  of  whioh 
there  are  springs  in  many  oonntries,  particalarly  in  volcanic  <^tricta. 

NnxruraAS.    A  yellow  water-lily.    P.  618. 

Nxw  Sjed  BAvnsToins.  A  formation  so  named,  because  it  consists  chiefly  of  sandy 
and  aigillaoeoua  strata,  the  predominant  color  of  which  is  brick-red,  but  oon- 
taining  portions  which  are  of  a  greenish-gray.  These  occur  often  in  spota  and 
stripes,  BO  that  the  series  haa  aometimea  been  called  the  variegated  sandstone. 
This  formation  is  divided  into  the  Upper  New  Bed  in  which  the  Muschelkalk 
ia  included,  and  the  Lower  New  Bed,  of  which  the  Magneaian  Limeaione  is  a 
member. 

NoDVZJi.  A  rounded  irregular-shaped  lump  or  mass.  JUjfm.,  diminnlive  of  mAw, 
knot. 

NoBMAL  Obouts.  Groups  of  certain  rooks  taken  as  a  rule  or  standard.  i9|ym.,  Mr- 
mo,  rule  or  pattern. 

NuGLBDS.  A  solid  central  piece,  around  whidi  other  matter  is  coUeeted.  The  word 
ia  Latin  for  kernel. 

NuMKULim.  An  extinct  g^onns  of  the  order  of  moUuscous  animals,  called  Cephalo- 
poda, of  a  thin  lenticular  shape,  internally  divided  into  small  chsmbers.  £t!fm^ 
nummuiy  Latin  for  money,  snd  XtBot,  lihas,  stone,  firom  its  resemblance  to  a 
coin. 

OnsiDiAir.  A  volcanic  product,  or  species  of  lava,  very  like  common  green  bottle 
glass,  which  is  almost  black  in  large  masses,  but  semi-taansparent  in  thin  firag- 
ments.  Pamice-stone  is  obsidian  in  a  frothy  state ;  produced,  most  probably, 
by  water  that  was  contained  in  or  had  access  to  the  melted  stone,  and  converted 
into  steam.  There  are  very  often  portions  in  masses  of  solid  obsidian,  which 
are  partially  converted  into  pnmioe. 

OoHSB.    A  yellow  powder,  a  combination  of  some  earth  with  oxide  of  iron. 

OoToiAir  DsLuoB.  A  great  inundation  mentioned  in  fabulous  history,  supposed  to 
have  taken  place  in  the  reign  of  Ogyges  in  Attica,  whose  death  is  fixed  in  Blair^ 
Chronological  Tables  in  the  year  1764  before  Christ.    See  p.  841. 

Old  Bxd  Samdstoms.  A  formation  Immediately  below  the  Carboniflsrons  Groups 
The  term  Devonian  has  been  recently  proposed  for  strata  of  this  age,  becaiue 
in  Devonshire  they  are  largely  developed,  and  contain  many  oiganic  remains. 

OuoooLASx.    A  mineral  of  the  felspar  family. 

OxjviNx.  An  olive-colored,  semi-transparent,  simple  mineral,  very  often  occnning 
in  the  form  of  grains  and  of  crystab  in  basalt  and  lava. 

Ooura,  OoLmo.  A  limestone ;  so  named  because  it  is  composed  of  rounded  parti- 
oles  like  the  roe  or  eggs  of  a  fish.  The  name  is  also  applied  to  a  large  group  of 
strata,  characterized  by  peculiar  fossils,  in  which  limestone  of  this  texture  oo- 
cuiB.    JStym,,  oev,  oonj  eggy  and  Ai0of,  lUhos^  stone. 

Opalizbd  Wood.  Wood  petrified  by  siliceous  earth,  and  acquiruoig  a  structure  sim- 
ilar to  the  simple  mineral  called  opal. 

OraiDions  BxFnuss.  Vertebrated  animals,  such  as  snakes  and  serpents.  jS^fflk, 
cfiSy  ophisy  a  serpent 

OBOAino  BsicAxin.  The  remains  of  animals  and  plants  (orfomMd  bodies)  found  in  a 
fossil  state. 

Obthocxrata  or  Obthocexub.  An  extinct  genus  of  the  order  of  molluscous  f»n»"*«*^'^ 
called  Cephalopoda,  that  inhabited  a  long-chambered  conical  shell,  like  a  stnighl 
horn.    JSl^m.,  fd^tt  orthot,  straight,  and  xoMr,  «mif,  horn. 
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Oinoin  Bbbooia.  The  cemented  maw  of  fhigments  of  bones  of  extinct  animale 
fonnd  in  caveniB  and  fiaanreB.    Otieaus  is  a  Latin  adjective,  signifying  bony. 

OsDsoiXMT.  That  division  of  anatomy  which  treats  of  the  bones ; .  from  offnov,  otU* 
en,  bone,  and  Xvyt^  hgos^  a  discourae. 

OimjEBs.  When  a  portion  of  a  stratum  occurs  at  some  distance,  detached  from  the 
general  mass  of  the  formation  to  which  it  belongs,  some  practical  mineral  aor- 
yeyors  call  it  an  ouHUir^  and  the  tenn  is  adopted  in  gedo^cal  language. 

Otatb.    The  shape  of  an  egg.    Etym.^  ovum,  egg. 

OnposniNo.    The  laying  of  eggs. 

OxiDX.    The  combination  of  a  metal  with  oxygen ;  rust  is  oxide  of  iron. 

OxTOXN.  One  of  the  oonstitaent  parts  of  the  air  of  the  atmosphere ;  that  part  which 
supports  lift.  For  a  fitrther  explanation  of  the  word,  consult  elementary  works 
on  chemistry. 

Pachtdxsicata.  An  order  of  quadmpeda,  including  the  elephant,  rhinoceros,  horse, 
pig,  &c.,  distinguished  by  having  thick  skins.  JS^ym.,  fnx»St  pachft8y  thick,  and 
^cpfia,  derma,  skin,  or  hide. 

pAOHTDXBiCATouB.    Belonging  to  Paohydemiata* 

Pal^botuxbiuic,  Palbothxrb.  A  fbesil  extinct  quadruped,  belonging  to  the  order 
Padhydermata,  resembling  a  pig,  or  tapir,  but  of  great  size.  Mjfm,,  raXaios, 
paiaioe,  ancient,  and  Btiptw,  ikirion,  wild  beast. 

Palxoivtoloot.  The  science  which  treats  of  fossil  remuns,  both  animal  and  vege- 
table. JKiym.,  mXaiof,  palaics,  ancient,  •vra,  onto,  beings,  and  Xoyof,  logos,  a 
diacourse. 

PxtAOiAK,  PxLAOio.    Belonging  to  the  dsep  sea.    JSlym.,  pdagw,  sea. 

PxpxBnvo.  An  Italian  name  for  a  particular  kind  of  volcanic  rook,  formed  like  tuff, 
by  the  cementing  together  of  volcanic  sand,  cindere,  or  sooricB,  Ao. 

PxxBOLXuic.  A  liquid  mineral  pitch,  so  called  because  it  is  seen  to  ooze  like  oil  out 
of  the  rock.    Elym,,  pdra,  rock,  and  oleum,  oil. 

Phavooaxoijs  or  PnANXBOOAiao  pLAim.  A  name  given  by  linneus  to  those  planta 
in  which  the  reproductive  organs  are  apparent  El^ym,,  ^vtp9S,phanero8,  evi- 
dent, or  ^aiwa,  phaino,  to  show,  and  yapioi,  ffomos,  marriage. 

Pkleobjean  Fzblds.  Campi  Phlegnu^  or  ^'  the  Burnt  Fields."  The  country  around 
Naples,  BO  named  by  tiie  Greeks,  from  the  traces  of  igneous  action  evetywhere 
visible* 

Pbonoute.    See  "  Clinkstone." 

Phbtoaziea.  a  genus  of  four-winged  insects,  the  larv»  of  which,  called  caddis- 
worms,  are  used  by  anglers  as  a  bait. 

Pbtbiob.  The  department  of  science  which  treats  of  the  properties  of  natural  bodies, 
laws  of  motion,  Ao, ;  sometimes  called  natural  philosophy  and  mechaniod  phi- 
losophy.   Mym,,  fv9ts,  phytis,  nature. 

Phtioloot,  PhttolooioaIm  The  department  of  science  which  relates  to  plants- 
synonymous  with  botany  and  botanical.  Mym,^  ^to¥,  phyUm,  plant,  and  Xoyvf, 
logot,  discourse. 

PnnoPHAGous.  Plant-eating.  Eiym,,  ^rov,  phfUm,  plant,  and  ^ayuw,  phag^  to 
eat. 

Pbolitb.  a  stone  possessing  a  structure  like  an  agglutination  of  peas,  JBtym., 
vw9¥,pi9on,  pea,  and  \i9oi,  lUhot,  stone. 

Pbria.  p.  61  S.  The  plant  mentioned  by  Malte-Brun  is  probably  the  PitHa  StmU- 
otu,  a  floating  plant,  related  to  English  duckweed,  but  very  much  larger. 

Prr  Coal.  Ordinary  coal ;  called  so,  because  it  is  obtained  by  sinking  pits  in  the 
ground. 

PnroBSTONX.  A  rock  of  a  uniform  texture,  belonging  to  the  unstratifled  and  volcanio 
elaases,  which  has  an  unctuous  appearance  like  indurated  pitch. 

PtAsno  Clay.  One  of  the  beds  of  the  Eocene  Tertiary  Period ;  so  called,  because  it 
is  used  for  making  pottery.  The  formation  to  which  this  name  is  applied  is  a 
series  of  beds  chiefly  sands,  with  which  the  clay  is  associated.  J^ym,,  vAmvw, 
piUuto,  to  form  or  fiwhion. 

FtBUOSAimra.  A  fossil  extinct  amphibioua  animal,  resembling  the  saurian,  or  lisard 
and  crocodile  tribe,    ^ym.,  vAvvmv,  pUtum,  near  to,  and  vavpm,  §aura,  a  lixazd. 


819  OLOBBIBT. 

PmcMnra,  Oldkb  aod  Hswsb.  Two  dlvitions  of  iSb6  T^rtiaijr Period  vhidLnfttte 
most  modem,  eod  of  wbioh  the  faurgeet  put  of  ttie  tbtail  sheUeflm  of  HBooBtspe- 
oies.    JRyiik,  wXamv^pidoi^  mora,  and  aattrnt,  bmmm^  neeiiJL 

pLUTomo  AonoH.  The  Uifloenoe  of  voloanio  heat  tod  otlier  eabkemiBMaii  eanaes 
under  praesara. 

Punomo  Boon.  Giai^te,  porphyry,  and  other  ifiieoos  nxdcB  auppoeed  to  have 
oonaoUdated  from  a  mdted  stale  at  a  gnat  depth  fiom  the  awftoe. 

PoLTPAXU.  Corals.  A  numerous  elssa  of  invertebrated  snimsls,  belonging,  to  the 
great  dimion  called  Badiata. 

PoiPBTBT.  An  nnstratiiled  or  igneona  rock.  The  term  is  as  old  as  the  time  of 
Ftin/,  AAd  was  applied  to  a  red  rook  with  small,  angokr,  white  bodies  diflbaed 
through  it,  wfaioh  are  orjstaUised  JUapar,  bsmght  from  Xigypt  The  ienn  is 
hence  applied  to  every  species  of  nnnitratifled  rock  in  which  detached  otyttab 
or  frlsper  or  some  other  mineral  are  diffused  through  a  bsse  of  other  minenl 
oomporition.    jSKym.,  «ff#e^,  parpkjft^  porple* 

PoKELAim  Laanoin,  Posnaim  Bb)s.  A  series  of  limestone  -afenitay  bekmgini?  to 
the  upper  pert  of  the  Oolite  Group,  found  chiefly  in  Englaad  in  the  Island  of 
Portland  on  the  coast  of  Dorsetshire.  The  great  supply  of  the  hniiding-atane 
used  in  Iiondon  ia  from  these  quarries. 

PoBCOuoTA.    Volcanic  ashes,  lai^gely  used  as  mortsjr  ibr  boUdings,  similar  in  nature 

•  to  what  is  called  in  this  oountiy  Soman  cement.  It  gets  its  name  fromPnoaoH, 
a  town  in  the  Bay  of  Naples,  from  which  it  is  shipped  in  laigv  qnaatitiea  to  dl 
parts  of  the  Meditenranean* 

PucipiTATB.  Substances  which,  having  been  dissolved  in  a  fluid,  are  separated  from 
it  by  combining  chemically  and  forming  a  solid,  whldi  &Us  to  the  bottom  of  the 
fluid.    This  process  is  the  opposite  to  that  of  chemical  solution. 

Pmduota.  An  extinct  genus  of  fossil  bivalve  sheila  ooourring  only  in  the  oUer  aeo- 
ondary  rocks.    It  is  dosely  allied  to  the  living  genos  Terebratola. 

PnsoDAOTTL.  A  flying  reptile :  apeoies  of  this  genus  have  been  found  in  the  Oolite 
and  Musohelkalk.  Some  of  the  finger-joints  are  lengthened^  eo  sa  to  serve  as 
the  ezpansois  of  a  membranous  wing.  Hence  the  nsme  wing-frnfftrt^  -E^^nn., 
vripir,  pUror^  a  wing,  and  3««nrXof,  4<adjy2or,  a  finger. 

PuBBBGSNOB.  The  soft  hidxy  down  on  insects.  JSS|ym.,  pvlbmoo^  the  fint  growth  of 
thebeaid. 

Pm>DiNssTONX.    See  "Conglomerate." 

PoKiox,  A  light  spongy  lava,  chiefly  felspathic,  of  a  white  color,  produced  by  gases 
or  watery  vapor  getting  access  to  the  particular  kind  of  glsssy  lava  called  obsidi* 
an,  when  in  a  state  of  fusion ;  it  may  be  called  the  froth  of  melted  volcanic 
glsea.    The  word  comea  from  the  Latin  name  of  the  stone,  piMMx. 

PuBBMK  LnosTONB,  PuBBscK  Bbds.  Limestono  strsta,  belonging  to  the  Wealden 
Group,  which  intervenes  between  the  Greensand  and  the  Oolite. 

PYBon.  (Iron.)  A  oompound  of  sulphur  and  iron,  found  usually  in  yellow  shining 
crystsls  like  braes,  and  in  almost  every  rock,  stratified  and  unauutified.  Ihe 
shining  metsllio  bodies  so  often  seen  in  common  roofing  slate  are  a  iamilisr  ex- 
ample of  the  mineral.  The  word  is  Greek,  and  comes  from  vvf  ,  ^yr,  firs;  be- 
cause under  particular  circumstances,  the  stone  produces  spontaneous  heat,  and 
even  inflammation. 

Ptbombtbb.    An  instrument  for  measuring  intense  degrees  of  heat. 

QnAnBuiEAWA.    The  order  of  mammiferoua  animals  to  wnich  apes  belong.    JEtym., 

pudnuy  a  derivative  of  the  Latin  word  for  the  number  four,  and  aumws,  band, 

the  four  feet  of  those  animals  being  in  some  degree  usable  ss  hands. 
QuA^^UA-vxaux  Dip.    The  dip  of  beds  to  all  points  of  the  compaas  around  a  centra, 

aa  in  the  case  of  beds  of  lava  round  the  crater  of  a  volcano.    jS^m.,  qudk-ftiA' 

MTttim,  on  every  side. 
QuABn.    A  German  provincial  term,  universally  adopted  in  scientific  language  ibr 

a  aimple  minersl  composed  of  pure  sUex,  or  earth  of  flinta ;  rock-oryatal  is  an 

example. 
<|ns9«Bm  or  Qvabtx  Bock,    An  Aggregate  of  grains  of  quarts  somctimeA  passing 

into  compact  quarta. 


auxsAXT.  818 

Bid  ]Ias&    A  term  oAen  spplM  to  ihe  N«ir  Bed  Bftndstoae. 

Bbioitlatb.    a  Btraotore  of  crosa  lines,  like  a  net,  is  setdto  bei«lioidefeed»lhmifi^ 

a  net. 
Book  Saut.    Oommea  eoUmoy  salt,  or  mvkte  of  sods,  foond  in  vest  solid  masses 

or  beds,  in  different  fonnations,  extenaiyely  in.  the  New  Bed  Sandstone  fcirmar 

tion,  as  in  Cheshire;  sod  it  is  then  called  fva^salt 
Bttbbli.    a  term  applied  by  qnany-men  to  the  upper  Aragmentary  atfd  deeomposed 

portion  of  a  mASs  of  stone. 
BmusAinxA.    Animsls  which  nminate  or  ehew  the  cad,  sndi  as  the  oz,  deer,  Ao, 

iS^yfA.^  the  lAtin  verb  nwfMm^,  meaning  the  aame  thing. 

SAocBABom,  SAooRABnnB.  When  a  atone  has  a  teztnre  resembling  that  of  loaf- 
BOgar.    Jl^inn.,  •arx'^f  ^Mchtw^  sngar,  and  nit,  4ido$f  fonn* 

EUxnEMT  AicoUE.    In  a  agiag  line 

•  •  are  the  aaliant  anglea,  Fig.lO0i 

( &  the  re-entering  angles.  a  a  a  a 

JJ^ym.,  MUr§,    to   leap    or  ^^V         ^*X         ^\         y\ 

boond  forward.  ^r         ^V^r         \Ji^       \5X      \ 

BjoJt  finmes.    Springs  of  water  ^^  ^^  v/        \ 

containing  a  large  qnantlty 

of  common  salt.    They  are  very  abundant  in  Cheshire  snd  Woroestenhirs^  and 
cnlinary  salt  ia  obtained  from  them  by  mere  eyaporaticm. 

BANDsroinE.  Any  stone  which  is  composed  of  an  agglutination  of  grsins  of  sand, 
whether  ealcaieoos,  siUoeons,  or  of  any  other  mineral  nature. 

flAUBiAir.    Any  animal  belonging  to  the  lizard  tribe.    Jljym.,  tfovfa,  santra,  a  liazd. 

Sazkatods.    Hollowing  out  stone. 

8GK»r  ia  often  used  as  synonymous  with  slate ;  but  it  may  be  yeiy  usefhl  to  distin- 
guish between  a  sdiistose  and  a  stety  structure.  The  hypogene  or  primaiy 
§ehkt$f  as  they  are  termed,  such  ss  gneiss,  micspsohist^  and  others,  cannot  be 
aplit  into  an  indeinite  number  of  parallel  laminsB  like  rooka  which  have  a  true 
ahcy  deavage.  The  uneven  achietosa  layera  of  mica-ecbist  and  gneiss  sre 
probably  layers  of  deposition,  which  have  assumed  a  cryBtalline  texture.  Bee 
<*  Geavage."    JS^grm.,  «oAmIii«,  a4i.  Latin,  that  which  may  be  split. 

SomsrosB  Rooks.    See  "  Schist.** 

SooBLS.    Volcanic  cinders.    The  word  is  Latin  for  cinders. 

Sbakii    Thin  layers  which  separate  two  strata  of  greater  magnitude. 

SzooMDABT  Strata.  An  extensive  series  of  the  stratified  rooka  which  compose  the 
crust  of  the  globe,  with  certain  eharscters  in  common,  which  distingnish  them 
from  another  series  below  them  called  primary ,  and  from  a  third  series  above 
them  caUed  Urtiary. 

Sboulab  BBnuoXBAisQir.  The  x>eriodical  cooling  and  consolidation  of  the  globe  fit>m 
a  snpposed  originsl  stste  of  fluidity  ftxmi  heat.    Sctemlun^  age  or  period. 

SnniifSHTABT  Boon  sre  those  which  have  been  formed  by  their  materials  having  been 
thrown  down  from  a  state  of  suspension  or  solution  in  water. 

SsuDrm.    CrystaUiaed  gypsum,  or  sulphate  cf  lime— «  simile  mineral. 

Sdtabu.  Flattened  balls  of  stone,  generally  a  kind  of  iron-stone,  which,  on  being 
aplit,  are  seen  to  be  separated  in  their  interior  into  irregular  maases.  Stym,^ 
§epta,  indosures. 

SsBnoraiNs.  A  rock  usually  containing  much  magneaian  earth,  for  the  most  part 
nnstratified,  but  sometimes  appearing  to  be  an  altered  or  metamorphic  stratified 
rock.  Its  name  is  derived  from  frequently  presenting  contrasts  of  oolor,  like  the 
skin  of  some  serpents. 

Sbau.  a  provincial  term,  adopted  by  geologiats,  to  express  an  indurated  slaty  day. 
Mym.,  German  a^alm^  to  peel,  to  split. 

BmELL  Mabl.  a  deposit  of  day,  peat,  and  other  substances  mixed  with  shells,  which 
collects  at  the  bottom  of  lakea. 

SHoroLB.    The  loose  and  oompletely  water-worn  gravel  on  the  sesrshore. 

SiLBX.  The  name  of  one  of  the  pure  earths,  being  the  Latin  word  for/iat,  which  ia 
whoUy  oraaposed  of  that  earth.   Freodi  gedogista  have  applied  it  as  a  geneilo 
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luune  fbr  all  minenlfl  oomposed  entirely  of  that  earUi,  of  which  there  an  manj 
of  different  eitemal  forma. 

BujOA.    One  of  the  pure  eartha.    JStyin.,  tiltXf  flint,  beoauae  fonnd  in  that  mineral. 

BiuoATB.  A  ohemioal  compound  of  ailioa  and  another  anbatanoe,  each  as  ulioate  of 
iron.    Gonaolt  elementary  worka  on  ohemiatiy. 

81LI010U8.  Oforbelonsring  to  the  earth  of  flint.  JStlym.,  Mtffs^  which  see:  Aailioe- 
*ona  rock  ia  one  mainly  compoaed  of  silex. 

SmomED.    Any  aabetanoe  that  is  petrifled  or  mineralised  by  mKowM  eaitii. 

BiLT.  The  more  comminnted  sand,  day,  and  earth,  which  ia  transported  hy  ninnxng' 
water.  It  is  often  aoonmulated  by  carrenta  in  banka.  Thna  the  moath  of  a 
fiver  is  silted  np  when  its  entrance  into  the  aea  ia  impeded  by  sneh  aoemnnlA- 
iion  of  loose  materiala. 

BniPiJE  MiNTRAL.  Individnal  mineral  Babataneea,  as  diatinguished  fhim  rocks, 
wliich  last  are  usually  an  aggregation  of  aimple  minerala.  They  are  not  simple 
in  rogard  to  their  nature ;  for  when  aubjeeted  to  chemical  analysis,  they  are 
found  to  consist  of  a  variety  of  different  subetancea.  Pyrites  is  a  simple  min- 
eral in  the  aense  we  use  the  term,  but  it  is  a  ohemioal  componnd  (ft  sulphur  and 
iron. 

Bmrsn,  Calcaxxous  ob  Bujobocs.  A  German  name  for  a  rock  preo)|itated  from 
mineral  waters.    JEKym.,  tUUemy  to  drop. 

Blaix.    See  "  Cleavage'^  and  ^^  Schist." 

SoLTATABA.  A  Tolcsnic  veut  from  which  aulphnr,  aulphnreoos,  wateiy,  and  acid 
vapora  and  gases  are  emitted. 

Bpobulbs.  The  roproduotory  corpusenTa  (minute  bodice)  of  cryptogamio  planta. 
iS^ym.,  9W9p;  qxfroj  a  seed. 

StAJjsrrm,  When  water  holding  lime  in  solution  deposits  it  as  it  drops  trcfm  the  roof 
of  a  cavern,  long  rods  of  atone  hang  down  like  icicles,  and  these  are  called  sto- 
laditei,    Mjftn,,  «rcXa^,  HalatOj  to  drop. 

BTAZJiGian.    When  water  holding  lime  in  adution  drops  on  the  floor  of  a  cavern,  * 
the  water  evaporating  leaves  a  crust  composed  of  Isyers  of  Umestone :  such  a 
crust  is  called  itala^miU^  fh>m  mXayftm,  ttalagma^  a  drop,  in  opposition  to  tUh 
laetUe,  which  see. 

Statioal  Fxoubb.  The  figure  which  results  from  the  equilibrium  of  forces.  From 
9T«r»f,  Hatot^  stable,  or  standing  stilL 

BnraiajM.    The  breast-bone,  or  the  flat  bone  occupying  the  ft^nt  of  the  chest. 

Stxlbitb.  a  crystallised  simple  mineral,  usually  white,  one  of  the  Zeolite  ikmily, 
frequently  indnded  in  the  mass  of  the  Trap-rocks. 

BntATiFiKD.    Bocka  arranged  in  the  form  of  s^rato,  which  see. 

SntATinoATioN.    An  srrangement  of  rocks  in  Mtrata^  which  see. 

Strata,  Stbatux.  The  term  stratum,  derived  from  the  Latin  verb  «tfr«o,  to  straw  or 
lay  out,  meana  a  bed  or  mass  of  matter  spread  out  over  a  certain  surfkce  by  the 
action  of  water,  or  in  some  cases  by  wind.  The  deposition  of  suooessive  layen 
of  sand  and  gravel  in  the  bed  of  a  river,  or  in  a  canal,  afforda  a  perfect  illus- 
tradou  both  of  the  form  and  origin  of  stratification.  A  large  portion  of  the 
masses  constituting  the  earth^a  crust  are  thua  stratified,  the  auoceasive  strata  of 
a  given  rock  preserving  a  general  parallelism  to  each  other ;  but  the  planea  of 
stratification  not  being  perfectly  parallel  throughout  a  great  extent  like  the 
planes  ofdeawge^  which  see. 

SiBiKX.  The  direction  or  line  of  bearing  of  strata,  which  is  slways  at  right  angles 
to  their  prevailing  dip. 

Stufas.  Jets  of  steam  issuing  from,  fissures  in  volcanic  regions  at  a  temperature 
often  above  the  boiling  point. 

SuBAPXHKiHXB.  Low  hiUs  which  skirt  or  lie  at  the  foot  of  the  great  t*^^n  of  the 
Apennines  in  luly.  The  term  Subapennhie  is  appUed  geologiosUy  to  a  series  of 
strata  of  the  Ol4er  Pliocene  Period. 

Stxnitx.  a  kind  of  granite ;  so  called,  because  it  was  brought  frtMn  Syene  in 
Egypt 

Talus.  When  fVagments  are  broken  ofiT  by  the  action  of  the  weather  ft<mk  the  ikee 
of  a  steep  rock,  as  they  accumulate  at  its  foot,  they  fbrm  a  sloping  heap,  called  a 
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tdus.  The  totia  ib  borrowed  from  the  langoage  of  fortifleatioii,  where  iahu 
means  the  onteide  of  a  wall  of  which  the  thickneaa  ia  dimiiuahed  by  degzeea,  aa 
it  riaea  in  height,  to  make  it  the  firmer. 

T1B8L  The  feet  in  inaecta,  whioh  are  articnlated,  and  formed  of  Ave  or  a  leaa  nam* 
ber  of  Joints. 

Tkrtxabt  Strata.  A  aeriea  of  sedimentary  rooks,  with  oharaotem  which  distinguish 
them  from  two  other  great  series  of  strata-— the  secondaiy  and  primary— which 
lie  bentoA  them. 

Thtaoba.  Mollnscoas  animals,  having  a  shelly  covering.  Mym.,  ietta,  asheH,  such 
aa  anails,  whelks,  oysters,  Sao, 

Tkaixooxnb.  a  class  of  flowerlees  planta  indnding  all  those  that  have  no  defined 
axis,  atom,  or  leavea ;  as  Lichens,  Seaweeds,  and  FongL  Jj^ym.,  ^XXof ,  ikaUoty 
a  branch,  and  ytvimsf  geneaUf  increase. 

Tbkbkal.    Hot    Mym.y  ^tpnos,  tJisrmot,  hot 

TasBMO-SLBonuoirr.    Electricity  developed  by  heat 

Tmif  Oirr.  When  a  stratum,  in  the  coarse  of  its  prolongation  in  any  direction,  be- 
cornea  gradually  lose  in  thickness,  the  two  surftoes  approach  nearer  and  nearer ; 
and  when  at  last  they  meet,  the  stratum  is  said  to  thin  out  or  disappear. 

Tracosto.  a  variety  of  lava  essentially  compoeed  of  glassy  felspar,  and  frequently 
having  detached  crystals  of  felspar  in  the  base  or  body  of  the  stone,  giving  it  the 
structure  of  porphyry.  It  sometimes  containa  hornblende  and  augite;  and 
when  theae  last  predominate,  the  trachyte  paases  into  the  varietiea  of  trap,  called 
Greenstone,  Basalt,  Dolorite,  Ao,  The  term  is  derived  from  rpax^St  traeh^ts, 
rough,  because  the  rock  has  a  peculiar  rough  fed. 

!btAP  and  Tbatpean  Books.  Volcanic  rocks  composed  of  felspar,  augite,  and  horn- 
blende. The  various  proportions  and  atate  of  aggregation  of  these  simple  min- 
erals, and  differences  in  external  forms,  give  rise  to  varieties,  which  have  received 
distinct  appellations,  such  as  Basalt,  Amygdaloid,  Dolorite,  Greenstone,  and 
others.  The  term  is  derived  frx>m  trappOf  a  Swedish  word  for  stair,  becaose  the 
rocks  of  this  dass  sometimes  occur  in  large  tabular  maaaes,  rlaing  one  above  an- 
other like  steps. 

Tbavebtdt.  a  white  /  concretionary  limestone,  usuaUy  hard  and  semi-ciystalllne, 
deposited  from  the  water  of  springs  holding  lime  in  solution^ — JSHym,  This 
atone  waa  called  by  the  ancients  Lapis  Tiburtinns,  the  stone  being  formed  in 
great  quantity  by  the  river  Anio,  at  Tibur,  near  Bome.  Some  suppose  travertin 
to  be  an  abbreviation  of  tnsterverino  fixnn  transtiburtinus. 

Tbipou.  The  name  of  a  powder  used  for  polishing  metals  and  stones,  first  imported 
from  Tripoli,  which,  as  well  as  a  certain  kind  of  siliceous  stone  of  the  same 
name,  has  been  lately  found  to  be  composed  of  the  fiinty  cases  of  Infusoria. 

Tbopbi,  of  Insects.  Organs  which  form  the  month,  consisting  of  an  upper  and 
under  lip,  and  comprising  the  parts  called  mandibles,  maxilUe,  and  palpi. 

Tufa,  Caloabxous.  A  porous  rock  deposited  by  calcareous  waters  on  their  exposure 
to  the  air,  and  usually  containing  portions  of  planta  and  other  oiganio  substances 
incrusted  with  carbonate  of  lime.  The  more  solid  form  of  the  same  deposit  ia 
called  "  travertin,"  into  which  it  passes. 

TuTAf  VoLOAina    See  "Tuff." 

TuFAdODB.    A  rock  with  the  texture  of  tuff,  or  tuft,  whioh  see. 

TuTF,  or  Tuva  Voloamio.  An  Italian  name  for  a  variety  of  volcanic  rode  of  an 
earthy  texture,  sddom  very  compact,  and  composed  of  an  agglutination  of  frag^ 
ments  of  soorisB  and  loose  materials  ejected  from  a  volcano. 

Turbinated.  Shdls  which  have  a  spiral  or  acrew-form  atructure.  Sti^m.,  hirbituh 
tut,  made  like  a  top. 

Tdbbiuis.  An  extinct  genus  of  chambered  shells,  allied  to  the  Ammonitea,  having 
the  siphunde  near  the  dorsal  margin. 

TJncoiivoricablb.    See  "Conformable." 

UNoxmuEBD,  Unoxidatsd.    Not  combined  with  oxygen. 

VsiMB,  MiNXRAL.  Cracks  in  rocks  filled  up  by  substances  different  from  the  rooki 
which  may  either  be  earthy  or  metallio.  Veina  are  aometimea  many  yarda  wide ; 
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aad  ib»y^9aafy  othtBoA  off  into  ltuMMBi«riU«'«aitQer  pMti,  «Aon  m  alfi&d«f 

MUireadft,  iikfl  tba  Teans  in  an  animii,  heiiee  their  name. 
VnTBBBATiD  An  DCAiA.    A  great  diviaion  cf  the  aaloMl  kisgdooif  indudUig  all  those 

whioh  are  funiiafaed  with  a  baok-bone,  aa  the  mamtnalia,  lurda,  nptilea,  and 

Hahea.    The  separate  joints  of  the  baok-bone  are  called  PtritbrWf  from  the  Latin 

▼erb  9trto,  to  turn. 
yasrau.    ▲  small,  euranhnv  indoaed  apaee,  like  a  Utile  Maddeg.    iS^ym.,  dlmlButive 

of  Mtioo,  Latin  for  a  bladder. 
VimnaAnoir.    The  oonveiaidn  of  a  body  into  glaaa  by  heat. 
VoLOAXio  Bombs.    Volcanoes  throv  out  sometimes  detached  massea  of  melted  lava, 

whioh,  aa  they  frU,  aasome  Tonaded  fbnna  (like  bomb-abellsX  and  are  often 

elongated  into  a  pear-shape. 
VoLQANio  Foci.    The  sabterranean  centres  of  aodon  in  volcanoea,  where  the  heat  is 

supposed  to  be  in  the  highest  degree  at  energy. 

Wmokm.    a  rock  nearly  aUied  to  basalt)  of  which  it  maybe  regarded  as  a  soft  and 

earthy  variety. 
Waxp.    The  deposit  of  mnddy  walen,  arlifldaUy  introduced  into  low  Isada.   See 

p.  826. 

ZsoLns.  A  fimily  of  simple  minerals,  including  stQbite,  meso^rp^  anaknme,  and 
aome  otheia,  usoally  found  in  the  trap  or  Toleanio  rooks.  Some  of  the  most 
common  varieties  swell  or  boH  up  when  exposed  to  the  blow-pipe,  and  hence 
the  name  of  |>«,  s#o,  to  boO,  and  JUfot,  lUko$^  stone. 

ZoQVBDM.  Corals,  sponges,  and  other  aquatic  animala  allied  to  them ;  ao  called  be* 
oauaci  while  they  are  the  habitation  of  animals,  they  are  fixed  to  the  ground, 
and  have  the  fona.  of  plants.    JBiffm^  ;•#»,  mnm^  animal,  and  fmw^  >lfta^ 
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of  the  Brahmapootra  or  Burrampooter,  276. 
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— — ,  depth  of  sea  near,  81S. 

1  formation  of  Straitn  ot,  81Bt 

,  straU  at  foot  of  cllflh  ot,  814. 

Downbam  buried  by  blown  sand,  7ST. 

Drans^,  R..  2ia 
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Drift-sand,  foMils  in.  727. 
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Duieaa  de  la  Malle,  M.,  cited,  &b4,  698. 

Durham,  waste  of  coast  of,  808. 

D'Urvillo,  CapU,  on  temperature  of  Mediterra- 
nean, 298. 
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i  on  changes  In  Its  axis,  80. 
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,  spheroidal  form  of  the,  684 

^  mean  density  of  the,  686. 

—^  attempt  to  calculate  thickness  of  its  crust, 

686. 
Earth,  electric  currents  In  tbo,  548. 

,  sections  of  the  («es  flgs.  70,  Tl\  689. 

1  effects  produced  by  powers  of  vitality  on 

surflice,  708. 
Earthqualces,  chronologically  described,  468,  e< 

•eg. 

,  energy  of,  probably  uii  form,  68. 

,  earth's  surface  eontinu^ly  remodelled  by, 

102. 
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,  felt  at  sea,  858. 

,  land  elevated  bv,  468,  465, 467,  462. 
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-— ~,  phenomena  attending,  462. 
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and,  661. 
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^—  of  Lisbon,  area  over  which  it  extended,  496w 
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Eocles,  old  chorcli  of^  buried  under  blown  sand, 

806. 
Edmonstone  Island,  279. 
Eels,  migration  o(  647. 
Egypt  nearly  exempt  from  earthquakes,  9,  868. 
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^^  on  origin  of  bog-iroo  ore,  72S. 

^  on  eorals  of  Red  Sea,  777. 

—— -,  on  aabes  enveloirtng  rompdi.  9SS^ 

^  on  inftMoria  in  volcanic  tnli;  889. 

Electricity,  a  source  of  volcanic  hieat,  542. 

^  whence  derived,  548. 

Elephant,  fuasll,  in  ice,  46. 80. 

,  covered  with  hair  in  Delhi,  81. 

^  sagadty  ot  not  attribntabla  to  intnoocma 

with  man,  698. 

1  their  powers  of  swimming.  686L 
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466,457.  -»    — » 
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Elevation  and  subsldenoe,  proitortlon  of^  ML 

^  alternate  areas  at,  in  Paoiac,  790. 

Elevation  crater  theory.  871, 880,  tiO. 

Elevation,  valleys  oi;  42a 

Elliabeth  or  Uenderson^s  Island,  upraised  atoD 

0(788,794 
Elsa,  travertin  formed  by  the,  289. 
Embankment,  system  o(  in  Italy,  2B&. 
Emu  in  Australia  will  ^^come  exienninated,684 
Englehardt  on  tlie  Caspisa  Sea,  157. 
EngUnd,  waste  of  cliflb  on  coast  aX,  903. 

,  slight  eartbqnakea  felt  in,  868. 

^->,  height  of  tirlea  on  coast  ot,  291,  808. 

-— >,  tertiary  strata  ot,  76. 

Eocene  period,  fossils  of  the,  142,  lU,  188 

Epomeo,  Mount,  In  Iscbia,  862. 

Equatorial  current,  96. 

Equinoxes,  precession  of  the,  lOO,  687. 

Erebus,  Mount,  the  active  volcano  oi^  99. 

Erie,  Lake,  peninsula  ent  throogfa  by,  888. 

^,  waste  of  cllflii  in,  888. 

Erman,  M.,  on  eruptions  in  ysmsrhatks,  858. 

Erratic  blocks,  122. 164,  220. 

-^,  icebergs  chargfed  with,  86. 

Erm^o  blo<»s,  aubmarine,  laid  dry  by  upheaval, 

229. 
Erupdona,  volcanic,  nnmber  of  per  year,  45a 
-^,  cause  ot,  688. 
Erzffeblrge,  mica  slate  of  the,  48. 
Escber,  M.,  on  flood  in  valley  of  Bagnea,  21L 
Eschscholti  Bay,  fbssils  of,  82. 
Essex,  tertiary  strata  ot,  76. 
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Euxine  burst  its  barrier,  acceding  to  Stiabo^  14 

y  gradually  filling  up,  14 

.    £^  Black  Sea. 

Evaporation,  water  canied  off  by,  260, 2M,  8S4 

,  currents  caused  by,  294 

Everest,  Rev.  B.,  on  climate  of  fossU  elephant 
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1  on  sediment  of  Ganges,  282. 

Excavation  of  valleys,  488. 
Expansion  of  rocks  by  heat,  660. 
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FaIlaofN!asarm214 

of  St.  Mary,  264. 
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548. 

,  on  Hqnefaetion  of  eases,  060. 

Faroe  Islands,  deposits  forming  near  the,  774 
Farquharaon.  Kev.  J.,  on  floods  in  Scotland,  208. 

V  on  Ibrroation  of  ground  ice,  222. 

Fai^as,  on  Vetay  and  Tivarais,  1779,  40. 

Faults,  162. 

Faana  formerly  as  dlversifled  as  now^  160. 

,  arctic,  described  by  Sir  J.  Blehardson,  684 

felspar,  decomposition  ot  247. 
Femra  on  lavas  of  Etna,  288. 

^  on  floods  on  Etna,  412. 

^  on  earthquake  in  Sicily,  471. 

Ferruginous  springs,  247. 
Fez,  earthquakes  in.  858. 
Fife,  trap  rocks  oC  160. 

,  coast  ot  submarine  forests  on,  808. 

^  encroachments  of  sea  on,  208w 

Findhom  town  swept  away  by  sea,  802. 
Fish,  their  dLstrlbatlon,  and  migrations,  646. 

,  fissll,  74& 

,  fossil  of  coal  Ibrmation,  186. 

Fissures,  sulphur,  &o.,  cdected  by,  470. 

,  caused  by  Calabrian  earthquake,  479, 480, 

481. 
.  caused  by  earthquake  near  New  Madrid, 

468. 

^  preservation  of  organic  remains  in,  782. 

Fitton,  Dr.,  on  history  of  English  geology,  51. 
Fltzroy,  Capt,  on  earthquake  in  Chili,  1885, 458, 

Flamborongh  Head,  waste  oi;  808. 
Fleming,  Dr.,  on  uniformity  in  climate,  74 

,  on  fossil  elephant,  76. 

— ,  on  submarine  forests,  808w 

1  on  rapid  fllKht  of  birds,  646. 

f  on  turtles  taken  on  coast  of  England.  640. 

^  on  changes  in  the  animal  kingdom  caused 

by  man,  688w 

,  on  stranding  of  cetacea,  771. 

Flinders  on  coral  reefe,  776,  791. 

Flint  on  course  of  Mississippi,  &cl,  264  265. 

,  on  earthquakes  in  Mississippi  valley,  4M. 

Floods,  by  bursting  of  lakes,  260. 

,  in  North  America,  209. 

f  in  valley  of  Balnea,  210. 

,  in  Scotland,  207,  750. 

,  tradiUons  of,  499, 501. 

.  causes  which  may  give  rise  to,  166b 

,  at  Tivoll,  211. 

w  caused  by  melting  of  snow  by  lara,  848, 

411. 

.    SeeDelnwd. 

Flysch,  of  the  Alps,  eocene,  124 
Folkstone,  subsidence  of  land  at,  816. 
Fontenelle,  his  eulogy  on  Paliasy.  2& 
Foot-marks,  Ibssil,  in  North  America,  186. 
Forbes,  Prof.  E.,  on  glacial  epoch,  86. 

,  on  fossils  of  tertiary,  184 

^  on  now  island  in  Oulf  of  Santorln,  44a 

,  on  regions  of  depth  in  .£gean  Sea,  6^. 

1  on  migration  of  moUusca,  651. 

,  died,  70a 

Forbes,  Prof  J.  D.,  on  glacier  motion,  224 

1  on  rate  of  flowing  of  lava,  878, 400. 

^  on  temple  of  Serapis,  515, 517. 

Forchhammer,  Dr.,  on  boulders  drifted  by  ieeu 

281. 
— H  on  peat,  719. 
Forests,  influence  of,  712,  718,  716. 

,  sites  of,  now  covered  by  peat,  720. 

i  destroyed  by  Insects,  717. 

^^,  submarine,  808, 828, 746. 


Forests,  submerged,  in  Columbia  B.  by  land 

slides,  215. 
For&rshire,  waste  of  coast  o^  802. 

,  marl  Ukes  o^  766,  79a 

Forshey,  Mr.,  on  Mississippi,  264  271. 
Forster,  Mr.,  on  coral  reefis,  77a 
Forsyth  on  climate  of  Italy,  895. 
ForUs  cited,  42. 

1  Ticws  of  Arduino  conflrmed  by,  4a 

and  Testa  on  foesll  fish,  44 

Fort  William,  near  Calcutta,  artesian  well,  280. 
Foesiliferous  formations,  breaks  in  the  seriea, 

180. 
Fossiliiation  of  organic  remains  on  emerged 

land,  718,  77& 
•— >  in  peat  mosses,  722. 
— — ,  in  caves  and  Assures,  782. 

,  in  alluvium  and  landslips,  780. 

,  in  volcanic  formations  on  land,  849,  72a 

f  In  snbaq^ueous  deposits,  742,  75ia 

y  in  marl  lakes,  762. 

Fossils,  early  specnl^ions  concerning  their  na- 
ture, 19,  24  to  27. 

,  distinctness  of  secondary  and  tertiary,  119. 

,  maromiferous  of  tertiary  eras,  187, 140. 

,  why  distinct  in  successive  groups  190. 

.    See  Organic  Beroaina 

Fossil  trees,  upright  position  of  some,  91. 
Fourier,  Baron,  on  temperature  of  spaces  fiur- 

ronndlng  our  atmosphere,  lOa 

y  on  central  heat,  127. 

y  on  radiation  of  heat,  127. 

Fox,  Mr.,  on  heat  in  mines,  58a 

^  on  electric  currents  in  the  earOi,  diZ, 

France,  waste  of  coast  oi;  824 

,  caves  of,  787. 

Franconia,  caTes  of;  78a 

Franklin,  on  a  whirlwind  in  Maryland,  619. 

Fremont,  Capt,  on  submerged  forests  in  Oolnm- 

bia,  270. 
Freshwater  plants  and  animals  fossilized,  765^ 

76a 

strata  In  Cashmere,  762. 

Freyborg,  school  of,  46,  52. 

Friea,  on  dispersion  of  crvptogamio  plants,  620. 

Fringing  reet,  nature  and  origin  of,  785. 

upraised,  794 

Fuchsel,  opinions  of;  1762,  4a 

Fnnchal.  rise  of  sea  at,  during  earthquake,  49a 

Fundy,  Bay  o^  wave  called  the  '^bore"^  in,  88a 
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Galapacos,  peculiar  character  of  the  firana  o( 

island,  tameness  of  birds  in,  597. 

Archipelago,  craters  form  hills  in,  872. 

Oalongoon,  great  eruption  oi;  858,  480. 

Gambler  coral  island,  788,  787. 

Gange^  delta  of;  and  Brahmapootra,  275  to  284 

,  antiquity  of  delta  of;  281. 

y  quantity  of  sediment  in  waters  of,  27a 

— ,  islands  formed  by  the,  276. 

y  bones  of  men  found  in  delta  of,  757. 

.  artesian  borings  in  delta  o^  26a 

Gardner,  Mr.,  on  unexplored  Antarotic  land,  99. 
Gases,  lique&cUon  o^  560. 

,  evolved  by  volcanoes,  549. 

Gefle,  upraised  shelly  deposits  near,  636, 62a 
Gemroellaro  on  Etna,  408. 

^  on  ice  under  lava,  412. 

Generation,  spontaneous,  theory  of;  22. 
QenerellL  on  state  of  geology  in  Europe  in  mid 

die  of  eighteenth  century,  85, 5a 
Geneva,  Idee  of;  delta  of  Bhone  in,  352. 
Geognosy  of  Werner,  4a 
Geographical  distribution  of  plants,  <aa 

of  animals,  629. 

of  birds,  642. 

ofreptile^644 

of  fishes,  Ma 

ofte8tacea,649. 

of  zoophyteo,  66a 
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OMgnphloia  dtetribnlioa  oTlniedi^  WL 

——of  man,  6ML 

Geoffniphy,  proob  of  former  chugw  In  phjil- 

— s  effect  of  changes  In,  on  speelee,  890. 
Geologtcal  society  of  London,  69. 

,  theoriea,  caaaee  of  error  in,  «1. 

OeoIoKj  defined,  1. 

^1  dlBtinct  from  eoemogony,  & 

^  ceases  of  it>  retardation,  84,  KV,  61. 

,  state  ot,  before  eighteenth  ceotnry,  86. 

1  modern  proin'eaB  ot,  68. 

Georgia,  Uland  ot,  boow  to  level  of  aea  In,  99, 

108. 

^  U.  8.,  new  ravinee  formed  in,  20ft. 

G«rbanite^  an  Arabian  sect,  their  dootrinee,  14 
German  Ocean,  filling  up,  840. 
Gesner,  John,  on  orffanic  ^emain^  41. 
Geysers  of  Iceland,  688, 658. 

y  cause  of  their  intermittent  action,  60S. 

Gibraltar,  birds*  bones  in  breoda  at,  740. 

,  Straits  ot,  888. 

Glronde,  tides  in  iu  estnary,  388. 
Glacial  epoch,  76. 
Glacier  under  lava,  on  Etna,  41S. 
~— ,  moraines  of,  888. 

y  view  o^  228. 

Glaciers,  formation  of,  223  to  887. 
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on  gradual  rise  of  Sweden,  528. 

on  form  of  the  earth,  584. 

Plienlnger,  Professor,  on  triaasle  mammlihr,  187. 

PUny  the  Eldei>  16. 

on  delu  of  Rhone,  258^ 

on  islands  at  the  mouth  of  the  Tezel,  829. 

V  killed  by  eruption  of  Vesuvius,  a.  d,  79, 

864. 

Pliny  the  Younger,  on  Yesuvius,  861 

Pliocene  strata,  fossils  of;  143. 

Plot  on  oiganle  remains,  26. 

Plnche,  theory  of;  1732,  88. 

Plutonic  rocks,  how  formed,  16L 

action,  chsnges  produced  by,  176, 178. 

Po,  R,  907. 

fVeqnently  ahl/ts  Its  course,  255. 

^  embankment  of  the,  256b 

,  delta  of  the,  256,  Ml 

^  subsidence  in  delta  oi;  257. 

Polaaon,  M.,  on  astronomical  causes  of  Changes 
in  climate,  127. 

Polype.    5m  Zoophytes. 

Pomerania,  fossil  ships  in,  738. 

Pompeii,  how  destroyed,  865,  885,  887. 

^  sectloD  -if  the  mass  enveloping,  886 

^  objects  preserved  In,  890. 

^  infusorial  beds  covering  it,  888. 

Pont  Gibaud,  gneiss  decomposed  at,  248. 

,  calcareous  springs  near,  289. 

Poole  Bay  cut  into  by  sea,  819. 

Popayan,  volcanoes  and  earthquakes  In,  849. 

PortUnd,  fossil  ammooltes  o^  ^. 

,  its  peninsula  wasting.  819. 

Port  Boyal,  aub»idence  o^  501, 517,  691, 762. 

Porto  Pr^a,  Azores,  calcareona  stratum,  486. 

Portugal,  earUiquakes  In,  858. 

Porzlo  on  ibrmallon  of  Monte  Nuovo,  869,  871. 

Post-tertiary  fbrmations,  181 

Precession  of  the  equinoxes,  100, 687. 

Prentice,  Lieut,  on  coral  reef  ta  Maldives,  778. 

Pressure,  effects  of,  171. 

Prestwlch,  Mr.,  on  artesian  wells,  281 

Prevoet,  Const,  on  Btonefleld  fossil  mammalia, 
188. 

^  Conat,  on  gypseous  springs,  245. 

•^— ^  on  rents  formed  by  upheaval,  871. 

^  on  new  island  in  Mediterranean,  4S8b 

,  on  geological  causes,  718. 

y  on  osseous  breccias  of  caves,  786. 

Prevost,  Pierre,  on  radUtion  of  heat,  98. 

Prevost,  Mr.  J.  L.,  on  number  of  wrecked  ves- 
sels, 756. 

Primary  fonlliferous  rocks,  fossils  of;  111 

Priscodelphlnus,  cetacean,  of  chalk,  145. 

Pritehard,  Dr.,  on  Egjrptlan  cosmogony,  8. 

^  on  recent  origin  of  man,  147. 

y  on  hybrid  races,  602. 

^,  on  fkchil  angle,  60S. 

y  on  distribution  of  animals,  629,  681. 

Procida,  island  ofl  ancient  writera  on,  86a 

Progressive  development,  theory  of;  180-158. 

y  in  animals,  Lamarck's  theory  ot  567. 

Provinces,  geographical,  of  Testacea,  649. 

Provinces,  zoologlca]  and  land  quadrupeds,  681. 

Pterodaotyles,  187. 

Pulo  NlsflL  upndsed  coral  in,  791 

Purbeck,  its  peninsula  wasting,  819. 

Pursh  on  plants  of  United  States,  611 

Puzznoli,  Temple  of  Serapls  near,  507. 

— -^  inland  clifb  near.  SOS,  510. 

-— ^  date  of  re^levatlon  of  coast  of;  516,  518b 

——y  encroachment  of  sea  near,  515. 

,  coast  near,  now  subsiding,  51A. 

Pyrenees  their  relative  age,  height,  &&,  12Ct 
166. 

Pythagoras,  system  of;  10, 

-1.,  on  Etna,  845. 
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Qjaadramuia,  foaill,  144 
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QoiMlrupedB,' domwUoi  mnltiplj  in  America, 


rinofl  of  Indlxenou,  680, 686. 

1  Imbedding  of  teneetriel,  748. 

Qnanaa,  mlgnttont  ot,  688. 

(^eoee,  climate  of;  96. 

— — ^  eastbqaakea  In,  4T0. 

Qaeenatown,  Canada,  table  land  terminatea  at, 

Qnlntero  elerated  br  certhqaake  of  1822, 457. 
Qnirini,  theory  oi;  2& 

Qnlto,  earthquakea  and  Tolcanoea  in,  846, 848, 
468. 


Rabf>niti^in  caTe,  786. 

Baoe  of  Aldemey,  tta  Telodtr,  298 

"Baoea,"  tidal  currents  ao  called,  84L 

Bafflea,  Sir  &,  cited,  46fi,  609. 

Bafta,  drift-timber  in  ICiaaiflaippt,  ^  267. 

Bain,  action  of;  718w 

\,  dimtnlahed  by  Ibinng  of  foreeta,  718^ 

— ^  fWH  o^  in  basin  of  Qancea,  278^ 

^  Uuttonian  theory  of,  199. 

,  ikll  of;  vaiTi&g  with  latitnde,  199. 

i  fUl  o(  in  Kastem  Bengal,  200. 

Bain-prints,  recent,  on  mad  in  Nova  Scotia,  202. 

Batsed  beaches,  184. 

Bamree,  Tolcanic  island,  854. 

Baspe  on  islands  shifting  their  posltton  (note), 

\  his  theory,  1768.  42, 48, 43. 

Bats,  migrations  of;  687. 

introduced  by  man  into  America,  668,  686. 

Bawlinson,  CoL,  on  delta  of  Tigris,  28Qk 
Bay,  his  physico-theology,  Ac,  80^  81. 

,  citod.  64^  688. 

Beanmur  on  Insects,  671 

Beculver  clifi;  action  of  sea  on,  812. 

Bocupero  on  flowing  of  Uiva,  401. 

Bed  Crag,  foesils  of;  142L 

Bedman,  J.  B.,  on  changes  of  English  ooast,  816^ 

816,  819. 
Bed  marl,  supposed  nnlversalfty  oC  158. 
Bed  Blver,  new  lakes  formed  by,  269. 

i  drift-wood  in,  267. 

and  Mississippi,  their  Junction  recent,  264, 

Bed  Sea,  level  of,  and  of  Mediterranean,  294. 

• — ■.  coral  reefb  of,  777,  784. 

Bee^  coral,  outline  deatroyed  by  denadation,T95L 

BefHgeration,  Letbnitz*a  theory  oi;  26i 

,  causes  which  might  produce  the  extreme 

of,  106. 
Beid,  CoL,  on  motion  of  shingle  beaches,  820. 
Bein-deer,  geographical  range  o^  687. 
— n,  migrations  of;  640. 
— -,  Imoorted  into  Iceland,  686. 
Bennel,  Major,  on  delta  of  Ganges,  279. 

^,  on  delta  of  Nile,  261. 

s  on  currents,  95,  97,  291, 292, 298. 

,  on  the  tide-wave  called  **lhe  Bore,**  888. 

Bennel,  Mr.,  on  delu  of  Qanges,  275. 

Bennle,  Bev.  Dr.,  on  peat,  and  fossils  In  peat, 

718,  719,  720,  722. 
BeptiloN  their  geographical  distribution,  645. 

^1  their  powers  of  difnislon,  646l 

1  in  carboniferous  epoch,  186L 

,  in  Ireland,  646l 

,  imbedded  in  subaqueous  strata,  748^  771. 

— i  fossil,  in  old  red  sandstone,  18& 

,  in  coal,  186. 

Bhlne,  B.,  description,  of  its  course,  825i 

■,  its  delta.  826. 

——V  tuir  made  of  silloeons  esses  of  infhsona,  888. 

Bhinoceroa,  fossil,  food  of;  80. 

Bhone,  delta  of;  in  Mediterranean,  266L 

,  delta  o^  in  Lake  of  Geneva,  189,  202,  286. 

— -^^depoalta  at  ita  confluence  with  the  Anre^ 


Bbone,a  cannon  in  calettvons  rock  In  ita  ddtiL 

789.  ^ 

Blchaxdaon,  Sir  J.,  on  rocka  near  Mackemle  Btr 

er.liai 

1  on  sheep  of  Bodcy  MomitaiBB,  S08L 

,  on  distribution  or  animaI^  640,  64fi. 

,  on  drift  timber.  In  Slave  Lake,  748L 

1  on  arctic  fauna,  684. 

y  on  diflhalon  of  flah,  647. 

^  on  isothermal  lines,  94 

Bichardson,  Mr.  W.,  on  Heme  Bay,  812. 
Biddell,  Dr.,  on  sediment  of  MIsslasippI,  278L 
Bive,  M.  de  h^  on  terrestrial  magnetlsin,  5I8L 
Biver-lce.  canying  powei  >fl  21lF. 
Bivers,  difference  in  the  sediment  oC  1S9, 2561 

"  ^  stnuoelties  of;  206L  ^ 

f  submarine,  in  Tbesaaly,  dtc,  857. 

— — ,  when  confluent,  do  not  occupy  bed  of  pro* 

portionally  laiger  snrftce,  207. 
Bobert,  M.,  on  geysers  of  Iceland,  246. 
Bobertson,  C^)t,  on  mud  volcanoes,  448. 
Bockhall  bank,  recent  depodtson,  77SL 
Bocks,  MMcific  gravity  of;  206. 
— -,  difference  in  texture  ot  older  and  newer, 

17&. 

V  altered  by  subterranean  jnsea,  248. 

,  origin  of  fhe  primary,  176l 

i  persistency  of  mineral  chanMster  in,  107. 

1  older,  why  most  solid  and  disturbed,  162. 

^  action  of  host  on,  221,  281. 

-^  transportatiott  of;  by  io^  155, 219. 

^  grooved  by  glacial  action,  155, 297. 289. 

Bogers,  Pro£,  on  Appalacfaain  diatn,  609. 
Boman  roada  under  water  in  Bay  of  Bai«^  517. 
BomncT  Marsh,  gained  fhmi  sea,  816c 
Bose,  M.  G.,  on  liomblende  and  angftts  449L 
Boss,  Sir  J.,  on  oold  of  antarctic  regions,  W. 
^  obtained  soundings  at  depUi  of  27,660  feet, 

104. 

^  conflrms  Cook  as  to  antaretic  Ice,  12S. 

^  on  icebergs.  98, 229. 

Bossbeiig,  slide  of  the,  782. 

Botatton  of  the  earth,  currents  caused  by,  296L 

of  crops,  670,  72a 

Bother,  Biver,  vessel  found  in  Its  old  bed,  816^  7MI 

Boyle,  Mr.,  81. 

Bunn  of  Cutch  described.  468. 

Bye  formerly  destroyed  by  sea,  Sid 


8. 

Saarbnck,  reptiles  in  coal  strata  at,  186. 
Sabine,  Capt,  on  well  at  Chlswiek.  284. 
1  on  waters  of  Amazon  discoloring  the  ae^ 

842. 
Sabine,  Col.,  on  solar  magnetic  period,  129L  544 
Sabrina,  island  o^  482. 
Saco,  Bl,  flood  on,  209. 
Sahrunpore,  burled  town  near,  781. 
St  Andrew^a,  loss  of  land  at,  80S. 

,  gun-barrel,  fbssil,  near,  76a 

St  Domingo,  hot  q»rings  caused  by  eartiiquka 

in,  494 
— -,  fossil  human  skeleton  in,  75S. 
St  Helena,  tides  at,  291. 
St  Jago,  earthquake  at,  457. 
St  Katherine's  Docks,  a  fosril  vessel  fbnnd  In,  75& 
St  Lawrence,  Gulf  oC  earthquakes  in,  4Ta 

^  rocks  drifted  by  Ice  in  the,  220. 

St  Maura,  earthquakes  in,  474 

St  Michael  siliceous  springs  o^  246L 

St  MIchaeTs  Mount,  828. 

St  Paul,  volcanic  island,  446. 

St  Yincent^s,  volcanoes  <A  466. 

,  counter-currents  in  the  air  proved  by  crii^ 

tton  in,  loa 
.  boa  constrictor  conveyed  on  drlA-wo*d  to^ 

644 
Salt,  on  Its  deposition  in  the  Medltemoiean,  8M 
Salt  springs,  18. 247. 
8alttiolm,1Urad  ot  52a 
Samothradan  deluge,  854 
Sand  bars  along  westera  coast  of  AdrlaHe^  Wt, 
i  diUtf  estoariea  bkwked  op  by«  807. 
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flflid,  Imbtddliig  ortoWD&  Aa  till  TS& 
— -^  eones  of  thrown  np  during  MrOiqaAke,  48& 
Sandown  Bar,  exoftTStod  by  m»,  3ia 
B«ndwlch  Islands  Tolcanoes,  864,  878,  8S8,  439, 

548,  0M. 
Bandwlcb  Land,  perpotoal  snow  to  level  of  lea- 

iMach  in,  99. 
San  Fllippo,  traTerttn  of;  84t 
San  Lto,  on  Etna,  flasores  In  plain  ct,  899. 
Santa  Maria,  island  of;  rmlaod  10  feet,  455. 
Santorin,  geological  structure  of;  445. 

^  chait  and  seetlon  ct,  449. 

^  new  islands  in  Oalf  of,  441. 

Saracens,  learning  of  the,  17. 
Sanssure  on  the  Alps  and  Jura,  45. 

i  on  glaciers  in  Alpa,  288w 

SaTanna  la  Biar,  swept  away  by  sea,  781. 
Saofioitva  rugtMa^  oosmopolite  shell,  850. 
Scandlnarla  called  an  island  by  the  anelenti%  520. 

,  gradual  rise  of;  690, 588. 

— -V    Sm  Sweden. 

Scania,  gradual  subsidence  oC  68a 

Scaochi,  Slg.,  on  temple  of  Serapis,  518. 

,  on  origin  of  Monte  Nuovo,  871. 

Seheuohzer,  his  theory,  1706, 88. 

Schmeriing,  Dr.,  on  fossils  in  caves,  787. 

Schwabe,  M.,  on  spots  in  the  sun,  199, 544 

Beiaeca,  island  o£    Sm  Orabam  Island. 

Sdlia  on  organic  remaina,  1670, 91 

Bcilla,  roelt  oC  48a. 

Booresby,  Capt,  on  the  Gulf  stream,  901 

'—f  on  formation  of  field  ice,  108. 

^  on  weight  of  rocks  transported  by  Icebergs, 

u  cited,  640,  74a 

ScoUand,  doods  in,  907,  760. 

^  colder  climate  indicated  by  newest  terttarr 

BtnUoC195. 

,  waste  of  islands  and  coast  of,  89a 

^  sUght  earthquakes  felt  in,  85a 

^  peat-moases  ot  790, 78a 

^  mari  lakes  of;  768,  766, 770. 

ScrmM,  Mr.  O.  P.,  on  eruption  of  TesaTios  in 

1888,  87di 

,  on  columnar  basalts  of  Tesuvlus,  886. 

^  on  pisoIiUc  globules  at  Pompeii,  887. 

——V  on  eruptions  of  Etna,  408, 4ia 

1  on  cause « *  oonvexity  of  pkin  of  Malpais, 

489. 
^  on  connection  Detween  state  of  atmosphere 

and  earthqu^es,  661. 
Sea  does  not  change  its  level,  but  land,  16. 

,  its  influence  on  climate,  97. 

— — >  area  covered  by,  l-,'4. 

,  its  encroachments  on  coasts,  298,  808,  824. 

— — ,  its  rise  and  retreat  during  etfthquakes,  407. 
Sea-beaches,  raised,  in  Ireland,  188. 

^  progressive  motion  of;  8ia 

Seals,  migration  of,  64a 

Sea-weed,  banks  formed  bv  drift,  628,  770. 

Secondary  rocks,  fossils  of  the,  86. 

J  origin  of  the,  117. 

Sedgwick,  Professor,  on  the  Hartz  mountains, 

V  on  tertiary  deposits  of  the  Alps,  119. 

i  on  the  antagonist  power  of  veg^ation,  711. 

— ^  on  organic  remains  in  fissures,  740. 

i  on  diluvial  waves,  48a 

Sediment  of  the  Mississippi,  278. 

^  laws  governing  depoisition  of;  188, 84a 

>  in  river  water,  87a 

— — >  of  Ganges  compared  to  lavas  of  Etna,  88a 

i  rate  of  subsidence  of  some  kinds  of,  848. 

i  area  over  which  it  may  be  transported  by 

currents,  84a 
Sedimentary  depo^tion,  causes  which  occasion  a 

shifting  of  the  arpss  of;  189. 
Seeds,  vitality  o^  6S7. 
^  of  LegnmlnossB  adapted  for  water-carriage, 

688. 
Serapis,  temple  of,  607. 

i  ffTOuna-plan  of  environs  o^  507. 

— — ^  date  of  its  re-elevation,  6ia 

i  now  again  subsiding,  5ia 

,  worship  of;  in  Italy,  5ia 


Bams,  &  R  A^  on  diangeB  In  brain  of  IMoi^ 

609. 
Serres,  E.  Marcel  de,  on  fossil  human  remains^ 

73a 
Severn,  tides  in  estnary  of;  891. 

i  gidn  of  land  in  Its  estnary,  884 

Shakspeare*s  cllfT,  wssta  of;  814 

"*  Shambles,"*  a  shoal  off  Portland  Bill,  38. 

Sharps,  Mr.  D.,  on  earthquake  of  Lisbon,  496. 

Sheep,  multiplication  of;  b  South  America,  68a 

Shellmarl,  fbsslls  in,  768,  766,  769. 

Shells,  fosdl  of  older  strata  buried  in  neiwer  or 

recent  beds,  77&    8m  Testaoea. 
Sheppey,  waste  of  cUfb,  818. 
Shetland  Island^  action  of  the  sea  on,  89a 

i  rock  masses  drifted  by  sea  In,  99a 

—^  effect  of  lightning  on  rocks  in,  999. 

^  formation  in  progress  near,  774 

Shingle  beaches,  8ia  ^ 

Shim,  number  of  British,  wrecked  annually,  754^ 

^^fbssU,  816,  785,  75a 

Siberia,  rhinoceros  entire  in  froien  soli  d;  49^  81 

»  map  of;  79. 

^  the  Bengal  tiger  found  in,  7a 

^  lowland  of;  78, 8a  65. 

^  drift  timber  on  coast  o^  745. 

Siberian  lowlands,  climate  oi;  8& 

tmammotha,8a 

Sicily,  earthquakes  in,  857, 470, 4n,  479,  SI^TW, 

1  geological  structuro  of;  74^  167,  ISa 

V  mod  volcanoes  of;  447. 

Sienna,  fossil  shells  of,  89.  74 

SiflillhvfaB,  structuro  of;  88. 

Silez,  deposited  by  springs,  84a 

SilUman,  Profiassor,  cited,  759. 

Silurian  rocks,  wide  range  of  the  fossils,  16a 

^  fknna,  no  land  or  flneshwatar  plants  la,  184 

,  horizontal,  187. 

^  altered,  177. 

^,  strata  formed  in  deep  seas,  117. 

Simeto,  R.,  la^-a  excavated  by,  2ia 

Sindree,  changes  caused  by  earthquakea  of  1819, 

near,  461, 4H  761. 
,  view  of  the  fort  of,  beforo  the  eartlumak* 

(«M  PL  xL),  461. 

^  its  appearance  in  1888,  46a 

SkaptAr  Jokul,  eruption  of,  486. 
Slave  Lake,  drift  timber  in,  74a 
Sleswick,  waste  of  coast  of;  880, 694 
Sllgo,  bursting  of  a  peat-moss  in,  784. 
Sloane,  Sir  H.,  on  earthquake  In  Jamaica,  600L 

i  on  disperrion  of  plants,  681. 

Smith,  William,  agreement  of  his  system  wItt 

Werner's,  4a 
^  his  "*  Tabular  View  of  the  British  Strata," 

1790,58. 

i  his  map  of  England,  6a 

s  priority  of  his  arrangement,  5a 

Smith,  Mr.,  of  Jordan  IHlL  on  the  colder  cUmate 

of  newest  tertiary  period,  12a 

s  on  temple  of  Serapi^  5ia 

Smyrna,  volcanic  country  round,  855. 

Smyth,  Capt  W.  IL,  on  the  Medltemnean,  49^ 

w9,  896, 511. 

V  on  height  of  Etna,  894 

^  on  Straits  of  Gibraltar,  88a  884 

^  on  depth  of  sea  fkom  which  Graham  IiUmd 

rose,  488. 

i  on  floating  islands  of  drift-wood,  641. 

i  on  drifting  of  birds  by  the  wind,  64a 

i  on  diffhsion  of  insects.  667. 

,  on  iverage  number  of  British  ships  los^ 

fh>mli'93tol829,765. 
)  found  shells  atgreat  depths  between  Gib* 

raltar  and  Genta,  7m 
Snow,  height  of  perpetual.  In  the  Andes,  119. 

f  in  Himalaya  mountains,  118. 

^  lowest  limits  of  nerpetual,  at  equator,  888, 


of  nerpetual,  s 
lowest  limits  of  perpetual,  at  Swiss  Alp^ 


888.  

Sodertelle.  buried  hut  tn  canal  oi;  584^  098. 
Boil,  its  influence  on  plants,  59a 
Soils,  on  formation  of;  709. 
,  influence  of  plants  on,  676b 
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fioldant,  <m  uilcroMopio  i/htSH  of  HMtttomnan, 

i  on  tho  Parte  tMsin,  44. 

Bolent,  ite  ehaunel  widening  316L 

SoUkUn,  lAke  of,  84& 

k  TolcaiMS  85&,  Ma.  aC7«  8801 

fioUtalre,  recently  eztlnot  bird,  681 

Bolway  if  oea,  788. 

Bolway  Firth,  animals  waahed  bj  rlrer  floods 
Into.  750. 

BomerBetriiire,  land  gained  in,  821 

k  snbmarlne  forest  on  coast  of,  823L 

BomerrWa,  Mr&,  on  depth  of  ocean,  104. 

Bomma,  escarpment  of;  SSL 

— >  dikea  oi;  882. 

^  sappoeed  section  of  Yesavliu  and,  SSL 

Borbonne,  College  of  the,  80. 

Sorting  power  of  water,  287. 

Boath  Carolina,  earthonake  in,  468. 

Booth  Downs,  waste  oi  plastic  day  oa,  817. 

Bpain,  earthquakes  in,  858. 

BpaUanaanl  on  elTectB  of  beat  on  seeds,  821. 

,  on  flight  of  birds,  644 

Species,  deflnition  of  Uie  term,  667. 

— — >  LlnnAos  on  constancy  o^  568. 

^  Lamarck's  theory  of  fransmntation  of;  667, 

680,  609. 

^  reality  oC  in  nature,  588, 601, 608,  611. 

i  geographical  distribution  oC  612L 

i  theories  respecting  their  orlrin,  666, 703. 

-^,  Broccbi  on  extinction  ot,  66flL 

^— ,  reciprocal  influence  of  aqoatlo  and  terres- 
trial, 676. 

^  their  successiTe  creation  and  extinction, 

678,680,707. 

^^  effect  of  changes  in  geography,  climate,  &&, 
on  their  distribution,  105,  690,  697. 

->— ,  superior  longevity  of  moUusoona,  71 

Specific  centres,  doctrine  of,  680. 

Spence,  Mr.,  on  insects,  cited,  606, 656,  673L 

Spitsbergen,  glaciers  of,  96. 

Spix,  M.,  on  animals  drifted  by  Amason,  64L 

i  on  Braail,  682. 

Spontaneous  generation,  theory  of,  82. 

Sprinffi,  origin  of;  282. 

i  the  theory  oC  illustrated  by  bored  wells,  983. 

^^  most  abundant  In  volcanic  regions,  287. 

i  aflbcted  by  earthquake,  287,  458, 456, 488, 

-^  transporting  power  of,  888. 
^^  calcareous,  239. 

^  sulphureous  and  gypseous,  S4& 

i  sUlooous,  246. 

•"— ^  ferruginous,  849. 

i  brine,  247. 

^^,  carbonated,  248. 
-^,  petroleum,  250. 
Squirrels,  migrations  of^  687. 
8Ubla^  buried  city  oi;  894. 

lite  alternating  with  allavtnm  in  caves, 
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Stars,  variable  splendor  of;  12a 

Statical  figure  of  the  earth,  584, 644. 

Stations  of  plants,  description  of;  611 

—  of  animals,  677. 

Stelluti  on  organic  remains,  28. 

Bteno,  opinions  of,  28. 

Stephenson  on  eruption  In  Iceland,  425. 

Stephenson,  Mr.  K.,  on  level  of  Bed  Sea  and 

Mediteiranean,  291 
Stevenson,  Mr.,  on  drift  stones  on  Bell-Bock, 

802. 
^^  on  the  Oerman  Ocean,  815, 840. 

.  on  waste  of  cllfft,  821 

Stockholm,  rise  of  land  near,  626, 527. 
Stokes,  Mr.,  on  mineralization  of  plants,  747. 
Stonesfield.  fossils  ot,  188, 145u 
Storm  of  November,  1821  efllect  oil  817.  818, 89a 
Strabo  cited,  11 260, 855, 86L 

1  geology  ot,  11 

Strachey,  Capt  B.,  on  delu  of  Oangea,  28a 
Btraits  of  Dover,  formation  o£  816. 

^  their  depth,  815. 

Stratts  of  Gibraltar,  currents  in,  Jbc,  888, 886k 
Strata,  laws  governing  deposition  of;  188. 


Strata,  slow  deposition  of,  nroved  by  AMrfia»  151 
k  OD  coDSolIdatfcin  oi;  175l 
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^unconformable,  inferenoea  deilTed  fttm, 

187. 
Strabo,  hypothesis  of;  11 
Btrlckland,  Mr.,  on  tertiary  strata,  CropOora,  76 

,  on  dode^  681 

StromboU,  its  sopearance  during  Otdabrian  earth* 

qnakea,488. 
-^->  constancy  in  eruption,  646, 86L 
Btnfta,  Jets  of  steam  in  volcanic  regloni^  28T,  64& 
Btotchbury,  Mr.,  on  coral  Ishmda,  778, 78L 
Bubapennine  strata,  71 

i  early  Italian  geoIogistB  on,  4S,  7L 

Bnbmarine  forests.  808, 828, 741 

V  peat,  781  770l 

i  riven,  867. 

1  volcanoes,  481, 461 

^  eruptions  in  mid  Atlantic,  481 

Subsidence  of  bmd,  460, 466^  470,  477,  486,  601^ 

601 607, 691, 761,  769. 

,  great  areas  of;  170,  79a 

— -,  greater  than  elevation,  668, 787. 
—— ,  almultaneooa  in  Miocene  epoch,  198. 

^  of  land,  delta  of  Mississippi,  2TL 

^  of  coral  ishmds,  slow  ana  nnifsrm,  79L 

Subterranean  movements,  nnifbrmi^  ot  186L 

,  movements  near  Mew  Madrid,  1811-18, 870. 

Bnflblk,  ellflh  undermined,  809. 

.  tertiary  strata  ot,  142. 

Bnlpnuric  add,  lake  ot  in  Java,  868L 

Sulphureous  springs,  845l 

Sumatra,  volcanoes  in,  851 

— ,  animals  destroyed  by  rirer  floods  In.  VSL 

Bunbawa,  subsidence  in  Island  ot,  1616, 461  ^ ^ 

^  ashes,  transported  to  grest  diTtsnoea  by 

eruptions  of;  101 
Bun,  variations  in  spots  of;  189. 
Bunds,  Isles  ot  volcanic  region  ot  8Sa 
Bunderbnnds,  part  of  delta  of  Ganges,  8T6w 
**  Bunk  country,''  west  of  New  Madrid  In  U.  &• 

467. 
Superior,  Lake,  deltas  ot  S51 

,  recent  deposits  in.  851 763. 

^  its  depth,  extent  Aa,  »1 

1  bursting  ot  would  caase  a  flood,  161 

Sussex,  wsste  of  its  oosst,  817. 
Bntlej,  BLfoesils nesr,  1 
Bwanage  Bay,  excavated  by  sea,  818. 
Sweden,  gradual  rise  ot  580, 668. 

,  gradual  subsidence  of  south  ot  59a 

.  oartbquskes  in,  581. 

^  bnd  rkng.  192l 

k    Se€  also  DcandlnaviiL 

Switzerland,  towns  destroyed  by  landslips  li^ 

788. 
Syria,  earthquakes  in,  856, 468. 
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Tacitus  cited,  861 

Tagliamento^  B.,  delta  of  the,  866. 

TaKloni,  on  geologr  of  Tuscany,  4a 

Tarury,  volcanoes  u,  86a 

Taxodlum  distichum  in  Great  Dismal  Swampy 

726. 
Tay,  estuary  ot  encroachment  of  sea  In,  809l 

,  subnmrine  fbrests  in,  808. 

Taylor,  Mr.  B.  C,  on  waste  of  cHllk  801 

,  on  gain  of  land  on  coast  of  Norfolk,  806. 

,  on  caves  in  Isle  of  Cuba,  74L 

Tchihatcbofl;  M.,  map  of  Italy,  121 

Teissier,  M.,  on  human  bones  In  cavea,  Acl,  Ttt. 

Temperature,  great  changes  in,  98. 

^  difference  ot  in  places  in  same  latltodsfl^  9& 

.  warmer  In  tertiaiy  periods^  76. 

,  oecUlatlon  ot  121 

.    5m  Climate. 

Temples,  buried,  in  Egypt,  791 

under  water  In  Bay  of  Bain,  618L 

buried  in  CashmereL  768. 

Tenerlffe,  voleaaio  eruptions  In,  4861 
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Terr*  del  FaegOi  flnma  oi,  141. 
Temaaova,  sabstdenoe  near,  470. 

,  flnat  in  the  tower  of,  47S. 

^,buidaUpenew,485. 

TertLtfy  fonnattona,  general  remarks  on,  141, 182, 

188L 

.  geogru>hical  ebangee  Implied  bj,  11& 

,  gladal  in  Scotland,  12flL 

— ^  origin  of  Baoceeaive  perioda,  188. 

,  circnmstanoea  onder  which  these  and  the 

aecondarr  Ibrmationa  maj  lutve  originated, 

117,  iia 

,  foflsita  of  the  newest,  188. 

— ^1  foaail  mammals  of  successiTe,  148. 
— —  formatluna  of  England,  70, 1^ 

^  of  the  Paris  basin,  148. 

f  deposits,  climate  of  warmer,  8d. 

Testacea,  their  geographical  distribution,  649. 

1  fossil,  importance  oi;  188. 

J  marine,  imbedding  oi;  768. 

1  freshwater,  7Ta 

i  borrowing,  778. 

^  longevity  of  species  of,  76. 

s  number  of  recent,  In  difllvent  tertiair  pe- 
riods, 142, 188. 
Tezel,  waste  of  islands  near  the,  828. 
Thames,  TslleT  oi;  tertiary  strata  in,  76. 

gain  and  loaa  of  land  in  its  ostuaiy,  818. 

^,  ttde  in  its  estuary,  88& 

^  buried  vessels  in  alluvial  plain  of  the,  758b 

Thanet,  Isle  oi;  loss  ofUmd  in,  818^ 

Thermo^lectrtdty,  548. 

Thibet,  yak  or  wild  ox  ot,  in  ice,  85. 

Thomson,  Dr.  T.,  on  Western  Himalaya  and 

Thibet  768. 

^  on  buried  temples  in  Cashmere,  768. 

Thraoe  subject  to  earthquakes,  855. 

Thury,  M.  Herioart  de,  on  artesian  wells,  884, 

886. 
ThyUteotheHum  Prevogtit,  188. 
Tiber,  growth  of  its  delta,  24a 
Tide  wave  of  the  Athmtic,  80a 
Tidea,  height  to  which  they  rise,  279, 890. 
~— s  effe^  of  winds  on  the,  295. 

f  effects  of;  on  wells  near  London,  28a 

,  their  destroying  and  transporting  power, 

891. 
— ,  their  reproductive  efRdcta,  887. 
and  currents,  drifttng  remains  of  animals 
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demann  on  changes  in  brain  of  Aetna,  609. 
Tiger  of  Bencal  found  in  Siberia,  77. 
Tigris  and  Euphrates,  their  union  a  modem 

event,  884. 
Tigris,  riven  delta  o^  advancing,  884. 
Tileslns  on  Siberian  mammoth,  61. 
Time,  preposseesions  in  regard  to  the  duration  of 
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past,  68.' 
Tlvoli,  flood  at,  811. 

^  travertin  ot;  844. 

Tomboro,  volcano,  eruption  of;  465. 

— — ,  town  of;  submemd,  465. 

Torre  del  Greco  overflowed  by  Un,  894 

f  columnar  lavas  of,  884. 

TV>rrent8,  action  o(  in  widening  valleys,  904. 

Torres'  Strait,  volcano  of;  792. 

Totten,  GoL,  on  expansion  off  rocks  by  heat, 

56a 
ToumaL  M.,  on  French  caves,  788,  789. 
Towns  destroyed  by  landslips,  78a 
Trade-winds,  106,  »5. 
Traditions  of  losses  of  Umd,  824,  82T. 

,offlooda,500,501. 

Transition  texture,  176. 

^  formations,  177. 

Trap  rocks  of  muiy  different  age&  160. 
Travertin  of  the  Elsa,  889. 

• of  San  Yignone,  240. 

ofSanFlUppo,241. 

,  spheroidal  structure  of,  248. 

s  compared  to  English  magneslan  limestone, 

84a 

,  of  Tlvoli,  244. 

Travertin  oolitic,  recent,  in  Lancerote,  489. 
Tree-ferns,  distribution  of;  8a 
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Tree-fema,  extend  more  sonth  than  north  ot 

equator,  sa 
Trees,  louMvity  of,  423. 
Triaa,  fioBol  manunifer  itt,  187. 
Trinuner,  Mr.,  on  recent  marine  shells  lu  Walea 

18a 
Trinidad,  subsldenee  in,  860. 

,  pitch  lake  of;  950. 

Tripergola,870,871.895. 

TripoUtza,  plain  of;  breodaa  in,  784. 

Trollhattan,  587. 

Truncation  of  volcanio  cones,  858, 49a 

Tuflt    fiMlTaverun. 

Tuf^  InAisorial,  88a 

Turner,  Dr.,  on  decomposition  of  fUspar,  847. 

Turtles,  migrations  of;  645. 

*  «ggB  ^  fofliUt  771. 

Tnrton  dted,  64a 
Tuscany,  geology  of;  88, 40. 

,  calcareous  springs  of;  888. 

Tyrol,  Dolomlea  on  the,  49. 
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Uddevalla,  upraised  deposits  at  184, 6BT, 

Ullah  Bond,  formaaon  of  the,  46a 

UUoa  cited,  501, 608, 68a 

Unoonformable  atrata,  inferenoea  derived  fron, 

187. 
Uniformity  of  lawa  of  natore,  71, 149, 87a 
,  of  system  of  past  changes  in  animate  and 

inanimate  world,  181. 
ITniveraal  fbrmations,  theory  of,  48, 151 
UniverMl  ocean,  theory  of;  26, 84 

disproved  by  orramio  remaina,  191. 

Upaala,  strata  near,  68a 


Tal  d^Amo,  Upper,  eflbct  of  destnietlon  of  far* 

ests  in,  7ia 
Yal  del  Bove  on  Etna  described,  40a 
,  form,  composition,  and  origin  of  dikes  in. 

40a 

,  lavas  and  breodaa  of  the,  411 

,  origin  of  the,  4ia 

V  floods  in,  411. 

Yal  di  Calanna,  406,  407, 410. 

Yal  di  Noto,  Dolomleu  on  the,  48. 

Yaldlvia,  earthquake  at,  458. 

Yalendennea,  SL.  on  flsh  not  crossing  the  At 

Umtlc,  647. 
Yalley,  newly  fbrmed  in  Georgia,  U.  B.,  906. 
Yalleys,  Targloni  on  origin  of.  40. 

,  excavation  of;  in  Central  France,  818. 

of  elevation,  section  of;  48a 

on  Etna,  account  of;  404 

,  the  excavation  of;  assisted  by  eartuquakea, 

484 
Yallisneri  on  the  origin  of  springs,  88. 

,  on  nuurlne  deposits  of  Italy,  84 

dted,  84  85, 52. 

Yalparaiso,  cbangea  cansed  by  earthquakes  at 

46^517,761. 
Yan  Dieman's  Land,  climate  of;  97. 
Yedaa,  sacred  hymns  ot  4 
Yegetable  soil,  why  it  does  not  increase,  709. 

i  how  formed,  710. 

Yegetation,  luxuriant  not  required  to  support 

large  animals,  8a 

,  centres  o^  70a 

,  its  conservative  influene^  710,  Til. 

,  its  influence  on  climate,  718. 

Yeins,  mineral  on  their  formation,  484 

of  lava.    Sm  Dikes. 

Yemeull,  M.  de,  on  lowland  of  Siberia,  84 
Yerona,  fossils  of;  80, 88,  84 

,  Ardulno  on  mountains  of.  41. 

Yerstegan,  on  separation  of  England  firmn  Frane^ 

Yertebrated  animals  in  oldest  strata,  18a 
Yessels,  fossil.    Sm  Ships. 
Yesta,  temple  of;  8ia 
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TcnvliM,  «sfl»Tatlon  of  taff  on,  918. 

^  bistorr  0^  868, 874 

^  eraptlons  of;  884, 874. 

^  dikes  oC  8T9. 

,  Uts  o<;  884. 

— ~->  atraotare  and  origin  of  the  oone  of;  889L 

—  and  Somma,  probabU  aectloo  of;  881. 

1  volcanic  allnTinin  on,  788, 

Tlcentln,  Dolomiea  on  tbe,  48. 

-~->  subnoailne  lavas  of  the,  71. 
Yictoria  land,  skirted  by  ice,  98. 
Tidal,  Cipt,  on  Kockhall  bank.  778. 
Villi«ea  buried  by  landslips,  738. 
Virlet,  M.,  on  Samotbradan  delnge,  808 

k  on  volcanoes  of  Orseoa,  8W. 

^  on  Santorin,  448, 44S,  448. 

on  corrosion  of  rocks  bv  gases,  T88. 

— ,  on  haman  bones  Imbedded  in  Morea,  78& 

Vivarals,  basalts  of  the,  4a 

Volcanic  action,  defined,  845. 

— -power  adequate  to  elSect  lateral  pressore, 

lines,  188, 858. 

Gfaters  in  Qahmagos  with  southern  side 

lowest  78& 

i  action,  nntibrmlty  oi;  182, 711. 

eones,  truncation  of;  868, 498. 

^  their  perfect  state  no  proof  of  relative  age, 

T18. 
'"—  conglomerates,  488. 

dikes.    5m  Dikes. 

-—  emptiona,  causes  ot,  5^ 

,  average  number  of;  per  annum,  450. 

Ibrmations,  fossils  in,  849,  728. 

«»^  products,  mineral  composition  of.  449. 
->-—  regions,  their  geogrsphical  boundaries,  848. 
— —  mu>  showing  extent  of,  851. 
— —  rocks,  subterranean,  178, 450. 

of  all  geological  periods,  100. 

Volcanoes,  safbty-valves  according  to  Btnbo,  16. 

^,  remarks  on  their  position.  840, 855. 

and  earthquakes,  effects  of  same  causes,  84Sl 

^-^,  sgeney  of  water  In,  545. 

,  mode  of  computing  the  age  of,  480. 

L  sometimes  inactive  for  centuries,  848,  481. 

of  Bandwich  Islands.  851,  872,  54S,  8S8,  429. 

s  chemical  theoiy  oi;  548. 

^  mud,  447. 

1  **no  safbty-valves,"  Dana  on,  608. 

Voltaire  on  ^sterns  of  geologv,  54 
Volterra,  Mattani,  on  fossils  ot,  84. 
Von  Baer,  Prof,  on  fh>zen  soil  of  Siberia,  84 

on  loe-drUled  rocks,  881. 

Von  &-ich  on  rise  of  land  in  Sweden,  628,  588. 

u.  volcanic  lines,  858. 

on  volcanoes  of  Greece,  856. 

on  fbrmation  of  Monte  Nuovo,  889. 

on  Vesuvius  and  Somma,  867, 830, 888, 8S4 

—  on  eruption  In  Lancerote,  486. 
on  glaciers,  828 

on  new  Islands,  488L 

on  volcanic  regions,  846L 

VonHoli:    5m  Hole 

Vnleanists  and  Neptunists,  flietions  oi;  60, 60w 

Vultnr,  Mount,  851 

Vultures,  range  oC  848L 


Wallerius,  theoiy  of;  45. 
Walllch,  Dr.,  on  Ava  fossils,  28. 

s  on  wood  in  peat  near  Calmitta,  280. 

Warping,  land  ffalned  by,  88S,  889. 
Water,  action  of  running,  204 

i  its  power  on  ft*eezina,  804 

,  excavating  power  ot,  204 

— — >  transporUng  power  of,  204 
-^-^  sorting  power  of,  286. 
— ,  agency  of;  in  volcanoos,  548. 
Waterhouse,  Mr.,  of  British  Museum,  on  prov- 
inces of  indigenous  Isnd  quadrupeds,  681. 


Weddea  strate,  AmbHs  oI;  IIT,  18T,  14A. 

Webster,  Dr.,  of  Kova  SeoOa,  on  nln-prinla^ 
808L 

Wells,  artesian,  S88L 

Wener,  Lake,  strata  near,  587. 

Werner,  Professor  of  MineralogT  at  FrcylMiqL 
mS,  48.  -^  * 

V  his  lecture,  47. 

,  on  granite  of  the  Haitz,  47. 

,  principal  merit  of  his  qrstein,  4S. 

,  technical  terms  of;  58l 

,  on  transition  rocks,  178. 

West  Indian  land  qnadmpeds,  684 

West  Indies,  earthquakea  in,  89,  850, 50& 

V  active  volcanoes  in,  850. 

Whales  stranded,  7n. 

Whewell,  Bev.  Dr.,  on  modem  progress  of  ge- 
ology, 59. 

^  on  the  tides,  882. 

Whirlwinds,  violent,  during  erupdon  In  Snm- 
bawa,465u 

Whiriwind,  dispeislon  of  seeds  by,  819. 

Wbiston,  his  theory  of  the  earth,  82. 

White  Mountains,  landslips  in  the,  806l 

Whitehurst,  theory  ot,  1778, 4& 

b  on  subsidence  at  Lisbon,  496l 

Wilaenow  on  diHtaslon  of  plants  by  man.  826L 

,  on  centres  of  vegetable  creation.  7C^. 

WUkinson,  Sir  J.  O.,  on  deposits  of  ^I]e,  868. 

1  on  sand  drift  in  Egypt,  728. 

Wilson,  Pro£,  on  cosmogony  of  Vedas,  4 

Winds,  trade,  108,  29Sl 

,  currents  caused  by  (he,  898. 

^  sand  drifted  by  the,  807,  726. 

Wolf,  and  dog,  distinct  spedes,  585. 

,  hybrids  between  the,  601. 

^  drifted  to  sea  on  ice,  640. 

extirpated  in  Groat  Britain,  6SS. 

WoIIaston,  Dr.,  on  water  of  Mediterrmnean,  854 

Wood,  Mr.  S.,  on  fossil  qnadrumana,  144 

Wood  impregnated  with  salt  water  when  sunk 
to  great  depths,  748. 

^  drift,  90l  26§,  640,  74a 

converted  into  lignite,  759. 

Woodward,  theory  of;  81, 84,  ^  66. 

Wrecks,  number  of,  annually,  754^  755. 


Zanthus,  the  Lydian,  his  thooiy,  14 


Y. 

Yak,  wild  ox  of  Thibet,  flnozen  In  ioe,  89l 

Yakutzt.  (h»zen  soil  of;  84 

Yaou,  flood  of,  7. 

Yarmouth,  estoarv  silted  up  at,  807. 

,  rise  of  the  tide  at,  291, 807. 
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